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ABSTRACT 

Rock slope failure is a severe phenomenon which may lead to fatalities and injuries in open pit 

mines and quarries. Many historical cases of rock slope failure show the adverse effects of 

geological structures on rock slope stability. In this study, a new algorithm based on drone 

photogrammetry is introduced. First, high resolution images are acquired with a drone to identify 

geological structures foror a give part of a rock slope. The acquired digital images are then 

processed in Image J. Next, MATLAB software is used to automatically identify the geological 

structures and group them according to their geometric properties.  

In addition, the rockmass conditions of the selected rock slopes are also evaluated.  RocData, 

software is then used to estimate the strength parameters of the rock slope using Hoek-Brown 

Failure Criterion. DIPS 7.0 was used to plot identified geological structures on a stereonet and to 

assess the likelihood of different failure modes. To demonstrate the application of the proposed 

method, three case studies of rock slopes were presented, one a natural slope, and the other two 

an open pit and a quarry. The results illustrate that drone-based photogrammetry can provide more 

information, and more geological structures can be identified than from ground-based 

photogrammetry. The proposed method is useful for geological structures identification on rock 

slopes, increasing the slope monitoring accuracy, and improving efficiency and safety. 
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CHAPTER  1  

INTRODUCTION 

A meticulous review and analysis of historical accidents by type in open pit mines and 

quarries clearly shows that rock slope instabilities are a significant component. It is extremely 

challenging for geotechnical engineering practitioners to avoid the possibility of rock slope 

failures. The key factors which lead to most rock slope failures, are misidentifying geological 

structures, ignoring geological structure effects and misevaluating their effects. These factors 

often lead to wrong geotechnical characterization of the rock mass, and consequently 

overrating the rock slope stability resulting in rock slope failure. 

Generally speaking, geological structure and fabric, such as bedding planes, folds, 

faults, foliation and other discontinuities control rock mass behavior and contribute to either 

the stabilization or destabilization of rock slopes (Figure 1-1), depending on their orientations 

and the intensity of associated tectonic damage (Doug Stead, et al. 2014).   

 

Figure 1-1 Key rock failure modes considered in rock slope analysis (a) planar sliding (b) 

toppling (c) wedge sliding (d) multi-planner translational failure (Doug Stead, et al. 2014) 

The use of conventional on-site surveying systems to determine the condition of a rock 

slope at a mine site or quarry can be highly inefficient, time consuming or erroneous. In 
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addition, the use of conventional survey methods could potentially lead to misidentification of 

some key geological structures, which may adversely affect the correct evaluation and 

interpretation of rock slope stability. At the same time, continued heavy production-blasting 

and excavation at large mining operations lead to ongoing changes in the pit slope rock mass 

conditions. Therefore, slope conditions should be monitored frequently and continually 

updated. To help address this challenge, new and improved monitoring techniques should be 

adopted in place of conventional surveying methods to overcome existing drawbacks. To meet 

these requirements, several new emerging techniques have been tried in this field to help 

identify the geological structure of the rock slope in the open pit mines and to monitor the rock 

slope stability condition during the mining production, including Leaser Scanning System, 

Photogrammetry techniques, acoustic emission (Daniela Codeglia. 2017), microseismic 

monitoring (Ma. 2017) and other techniques.   

In the past several decades, many researchers have put a lot of effort into pursuing an 

optimum method to evaluate rock slope stability. In terms of efficiency and cost among all 

possible monitoring systems which can identify the rock slope stability, remote sensing 

techniques emerge as the most suitable, compelling and widely versatile approach for most 

open pit mines and quarries. This is because remote sensing systems can help monitor the 

conditions of open pit slopes much more effectively and possibly reduce risks of rock slope 

failure accidents.  

Previous applications of remote sensing studies have focused on the photogrammetry 

technique and Leaser scanning measurement. These two techniques can help evaluate and 

analyze rock slope stability more efficiently and safely. The Leaser technique is used to 

measure the distance to a target with a pulsed laser light. Users can create a 3D map of the 

target area by analyzing the difference in laser return time and wavelengths (NOAA. 2013). 

The Photogrammetry technique is another technique, which is a type of passive sensor. The 

technique involves making measurements from photographs, especially for recovering the 

exact point of surface point (Visockiene. 2015).  
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Photogrammetry techniques have been widely applied in many engineering fields. 

However, there are several (often ignored) drawbacks of photogrammetry techniques, which 

restrict their wide application and reliability. The location of the camera is always restricted by 

the demand, irrespective of the image capturing modes employed (Birch. J.S. 2006; Tonon, F. 

2006). For most of the surveying tasks, the pre-determined locations are accessible. In these 

situations, high accurate surveying results are available. However, for some rock slopes in open 

pit mines, there exist some hazardous areas. These hazardous areas will obstruct surveyors 

from getting close to the pre-determined surveying location. If suboptimum locations are 

chosen, the accuracy of the result of the rock slope surveying is adversely impacted. In this 

situation, if the user wishes to choose a suitable camera location, it becomes necessary to 

balance the capturing point with the result accuracy. Further, if the photogrammetry technique 

is applied in open pit mines or quarries, the shadow area (i.e. occlusion zone) on the rock slope 

will deeply affect the surveying results. For most image processing software, occlusion zones 

can greatly affect the accuracy of the result; this also is an important problem which has not 

been resolved adequately in previous research.  

Therefore, after considering all these possible factors, a new geological structure 

identification method is required to overcome these serious drawbacks. Applying drones or 

unmanned aerial vehicles (UAVs) to conduct survey work offer a possible solution to help 

overcome the camera location problem, and a new image process and identification method or 

algorithm can reduce occlusion zone effects. In addition, compared to ground-based cameras, 

a drone spends little time on relocating the camera location, so, it can save a lot of work time.  

The next section summarizes the problem statement and the research objectives of this thesis. 

1.1 Problem Statement 

In this study, given the advantageous features outlined in Section 1, a photogrammetry 

framework is adopted and applied to help identify the geological structures important for slope 

stability analysis. As indicated, rock slope stability is a key factor which can affect the normal 

operation and production of open pit mines. However, it is not always easy for engineers to 

evaluate the rock slope stability. Among all the factors which can affect the rock slope stability, 
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geological structure remains a key and important factor that needs to be adequately considered.  

There are several important issues that need to be addressed when preparing to identify 

the geological structure and evaluating their effects on rock slope stability. First, on-site 

surveying for large rock slope in open pits presents a challenge for rock characterization, even 

for the skilled and expert engineers. Second, parts of the rock slope in open pit mines are 

located in hazardous areas, so, it is very difficult for surveyors to access the hazardous areas. 

Third, ground-based photogrammetry techniques can be readily affected by a lot of factors, 

including capture direction, occlusion zone, sunlight direction and weather condition. Fourth, 

traditional ground-based survey work can sometimes require long periods of time thereby 

hindering or obstructing “normal” open pit operations. Finally, yet importantly, for most photos 

and images, even if photos may be acquired from different locations and time, the shadow 

zones are inevitable. Methods are needed to reduce the effects of shadow zones (i.e. occlusion 

zone) on the correct geological structures identification and interpretation. In light of the 

foregoing, the objective of this study is to answer the research question: can a new algorithm 

be developed in MATLAB which can use images acquired by a drone much more effectively 

than traditional ground-based photogrammetry? If so, how useful is the information gleaned 

by the said algorithm for slope stability analysis at mine sites and quarries? Three site cases are 

used to illustrate the effectiveness of the proposed new approach. 

1.2 Significance of Study 

The main focus of this study is to investigate the feasibility of applying photogrammetry 

to identify the geological structures on the rock slope, when the rock slope only can be accessed 

by drone. A secondary focus is to investigate the feasibility of analyzing the effects of the 

geological structures on the rock slope stability, when only drone photos of a rock slope are 

available. If either of these objectives is not met, then the feasibility of this new approach is 

compromised. The geological structure of rock slope is thought to be one of the largest sources 

of rock slope failure from mining operation. Therefore, the successful use of drone photos as a 

new approach in geological structure identification could have a lot of practical benefits: 

reducing the surveying risk when the rock engineer has to access the hazardous area; reducing 
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work time which costs for collecting on-site data; increasing the accuracy of the surveying 

result; reducing the cost on hiring professional on-site surveyor and reducing the effects of 

surveying work on mine normal operation.  
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CHAPTER  2  

BACKGROUND AND LITERATURE  

REVIEW 

Before a discussion on the developed methodology used to identify the geological 

structures and analyze the effects of geological structures on rock slope stability, the important 

factors that pertain to this new photogrammetry technique are presented. First, the rock slope 

failure cases which are caused by geological structures are reviewed. Second, background 

information which is related to the remote sensing (Lidar and Photogrammetry) is reviewed; 

with a focus on the photogrammetry technique. Third, the applications of Photogrammetry in 

rock slopes are reviewed. Next a brief description of the drone application on surveying tasks 

is given. Finally, the unsolved problems are outlined, and the research direction is discussed. 

2.1 Rock Slope Failure Accidents 

For the open pit mines and quarries, rock failure is the most devastating problem to face 

and solve. It always decreases the open pit production and causes equipment to be lost. In 

addition, it is also one of the most serious factors which can cause fatalities and injuries in open 

pit mines and quarries. Many historical cases prove that geological structure is the key factor 

which can cause severe rock slope failure.  

On October/28/2004 and November/3-4/2004, two rock slope failure accidents 

occurred in an open limestone quarry. The limestone quarry is located in the Lucca district 

(Tuscany-Italy), and exploits a sequence of limestone beds from the N-E side of Monte 

Castellaccio that flanks the Serchio low valley in the Northern Appennine Range (Figure 2-1) 

(M. Cravero and G. Iabichino., 2007). Geostructural and mechanical factors were the main 

causes of this accident. It is also appropriate to consider that the weather and exploitation 

conditions could have triggered the instability. Due to the close proximity of the Lodovica road 

to the quarry site, the rock slope failure had a great impact on the district rock safety and 

serviceability.  
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Figure 2-1 View of the failed rock slope in quarry (Tuscany-Italy) (M. Cravero and G. 

Iabichino, 2007) (Tuscany-Italy) 

On April 10, 2013 at 9:30pm, a towering wall of dirt and rocks gave way and crashed 

down the side of Bingham Canyon mine in Utah. The landslide was one of the largest rock 

slope failure accidents in the history of North America. This rock slope failure was destructive, 

which moved at an average of almost 70mph and reached estimated speeds of at least 100mph 

(NASA, 2013).  The rock slope photo before the landslide and after the landslide are shown in 

the Figure 2-2. 

  
 (a)  (b) 

Figure 2-2 (a) NASA satellite image before the landslide (July 20, 2011) (b) NASA satellite 

image after the landslide (May 2, 2013) (Image via NASA Earth Observatory) 

In this accident, nearly 100 million cubic yards of debris were released. Thanks to the 

remote sensing technique, the engineers could monitor the rock slope displacement in advance 

and warn the workers one day before it happened. However, this accident still causes the 
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negative results, the haul truck maintenance building was sliced nearly in half by the slide, the 

pit access road disappears, and 13-haul trucks were buried. The bottom of the open pit was 

covered in debris nearly 200 feet deep. In addition, two slides lead the equivalent of magnitude 

5.1 and 4.9 'quakes' and resulted in 16 smaller 'aftershocks'. 

Along with these two cases, there are many other examples of rock slope failure 

accidents in open pit mines. Therefore, the rock slope stability evaluation should be carefully 

considered during the open pit mine operation. 

2.2 Remote Sensing 

Remote sensing is a measuring method, which employs the remote sensors to acquire 

the information from an object or phenomenon without having a physical contact with the 

object (Ned Horning, 2017). 

Remote sensing system sensor can be divided into two types, “active” and “passive”. 

“Passive” means that the sensors respond to external stimuli, the energy which they record 

mainly is reflected or emitted from the Earth’s surface. All photogrammetry technique sensors 

belong to passive sensor. In this study, photogrammetry technique is employed to identify the 

geological structure. Besides that, Lidar belongs to “active” sensor. The energy, which it used 

to map the topography of target objects, is from the Lidar equipment itself.  

Currently, there are many approaches which are applied to stability analysis, 

discontinuities properties identification and rock slope displacement monitoring, including 

laser scanning method, photogrammetry method, numerical modelling, acoustic emission and 

other methods (Codeglia.2016, Zhang, et al. 2017, Xu, et al. 2016, Ali, et al. 2013, Carla, et al 

2017). With the development of the remote sensing technique, in open pit mines or quarries, 

there are mainly two systems used for analyzing the rock face characteristics and identifying 

the discontinuities. One is Lidar, and the other one is Photogrammetry technique (Poropat et 

al, 2006). These two systems are useful when the physical access is not possible; it can provide 

more accurate result than the previous conventional on-site survey methods. Currently, many 

projects employ remote sensing systems; it is widely applied in remote mapping of geological 

structures (Figure 2-3). When the photogrammetry technique and LiDAR system are compared, 
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photogrammetry technique is a more widely applied method at open pit mines, because its low 

cost and highly efficient characteristics.  

 

Figure 2-3 Image created with data collected by NOAA's National Geodetic Survey (NOAA, 

2017) (Lidar Mapping) 

Lidar is a surveying method which is mainly applied to measure the distance between 

equipment and target. As the previous introduction states Lidar is a “active” sensor; it 

illuminates the target with a pulsed laser light and measures the reflected pulses with a sensor 

(NOAA, 2013). 

Because of the cost and other limitations, in rock engineering fields, especially when e 

the rock slope stability in open pit mines is analyzed, photogrammetry technique is one of the 

most widely applied techniques. When photogrammetry technique is applied in open pit mines, 

the exact positions of the surface points can be recovered for the measurement application. 

Actually, the photogrammetry technique can date back to modern photography’s beginning, 

which is approximate mid-19th century. However, the preliminary photogrammetry 

application is very simple. For example, based on the scale of the reference length was already 

known, calculating the actual length by measuring the distance between the two points on the 

photo (Max M. 2017). 

There are many disciplines used by Photogrammetry method, mainly including optics 

and projective geometry. Digital image capturing, and photogrammetric processing procedures 

include several well-defined stages, which can generate 2D or 3D digital models for the object 

as a product (Sužiedelytė-Visockienė J. 2015). Normally, photogrammetry technique is always 



10 

 

employed to build the 3D model of rock slope. From the 3D model, engineers can get a lot of 

useful information. The most important stage in 3D model construction is collecting two or 

more 2D images data of a scene, which could form a 3D model by a specific photogrammetry 

software is shown on Figure 2-4.  

 

Figure 2-4 The principle of converting 3D model by 2D images (Birch, J. S. 2006) 

From the above Figure 2-4, it is found that if a 3D model is to be constructed, the same 

point from two or more images should be identified. And then, a ray needs to be projected into 

the scene from each point through the perspective center of each camera to find the location 

where they intersect. By identifying these two rays, it is easy to determine a unique 3D location. 

One thing should be mentioned here, the detail location and orientation of the camera should 

be recorded for every image capture time to record the distance to target area (Birch, J. S. 2006).  

The goal of this study is to prove the geological structures also can be identified by 

drone photos. Compared to the complex 3D photogrammetry technique, 2D is highly cost-

efficient for geological structures identification application. Additionally, it doesn’t need high 

3D model construction skill. Therefore, 2D photogrammetry technique is employed in this 

study for geological structures identification.  

Historical cases can offer invaluable information for rock slope failure; it is obvious 

that rock slope failure has become one of the most devastating factors, which causes fatalities 

and injuries during open pit mine operation. For the photogrammetry technique applications in 

open pit mines, the most important one for them is analyzing the rock slope stability and 

preventing the potential rock slope failure (Ying Liu et al. 2016; S. Rajendran et al 2017).  
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In this study, photogrammetry technique is employed to identify the geological 

structures. In the past few decades, research has been done to analyze the photogrammetry 

system and to expand the photogrammetry system application for rock slope. Currently, with 

the development of computer science, image processing software can help engineers a lot in 

this field. Nowadays, many projects have been conducted by photogrammetry system, and the 

maximum error of this system already can meet industrial demand. All these evidences strongly 

prove that the digital photogrammetry is a powerful technique for deformation measurement, 

and it can be used instead of the conventional on-site surveying method.  

One important factor is noteworthy. In the past, all the reviewed studies are based on 

the very clear photos. However, there are lots of factors which can affect the identification 

result. For example, in an open pit mine, it always contains several types of the rock masses, 

like the granite, soft granite and limestone. In this condition, it is hard for the engineer to 

identify the geological structures by the image processing software (Nobuhiko et al. 1997). In 

addition, there is some image processing software, which can make a high-resolution image by 

combining multiple low-resolution images. In addition, it can build panoramic 2D photographs 

or 3D models (Brich et al. 2006).  

Given that camera resolution is always lower than LiDAR, some researchers have 

expressed concern about the precision problems. The photogrammetry technique has proved to 

be cheaper than LiDAR, and reasonably efficient, therefore some engineers still consider it 

sufficient. In fact, there is image processing software, which can make a high-resolution image 

by combining multiple low-resolution images and can also increase the accuracy. An 

experiment to test the accuracy of combined photos already exists (Sapirstein et al 2016). For 

a 22m*55 m area, photogrammetry can achieve a precision of at least 1 part in 50, 000, and 

location error less than 2 mm. In this experiment, they combined 13 photos to make a high-

resolution photo. In addition, they applied the 2D photogrammetry technique to increase the 

work efficiency. For most of the open pit, this deviation can be regarded as perfection or no 

deviation.  

 



12 

 

From the preceding discussion, it is clear that for most cases, the photogrammetry 

technique is mainly employed to analyze the rock slope information as it relates to size. In the 

past, in geological structure analysis field, most of them employ the laser scanning method 

(LiDAR). Currently, considering the low cost and efficiency, photogrammetry technique is a 

potential method which can be used instead of the LiDAR. Lots of researchers want to propose 

a new approach which can analyze the geological structures by photogrammetry. 

With the help of the image processing software, the photogrammetry technique will 

have more appliactions in the future. Currently, it mainly has three application fields, including: 

1) feature representation and selection; 2) classification and clustering; 3) change detection 

(Zhong et al. 2017). One of the photogrammetry technique applications is change detection. It 

includes the displacement detection, deformation measurements, crack size measurement, and 

so on.   

During the open pit mine operation, size change detection is always taken as a primary 

way to monitor the rock slope condition. Before rock slope failure, there always exists 

displacement changes or deformation changes. Therefore, displacement measurement, 

dynamic measurement and deformation measurement (Figure 2-5) are always important 

monitoring projects during the open pit mine operation. In the past, a reference object was set 

up to refer to the displacement. However, it only can measure the surface displacement, not 

related to the underground displacement conditions. When it is applied to evaluate the 

underground displacement, it always has a large deviation. Currently, a newest digital 

photogrammetric technology was put into work to investigate the deformation characteristics 

of rock mass when it changes from open pit mining to underground mining (Zhang et al 2017). 

This method can greatly enhance the accuracy of the result and monitor the displacement 

underground.  
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Figure 2-5 Displacement investigation when open pit mining switch to underground mining 

(Change Detection) (Zhang et al 2017) 

Photogrammetry system is widely applied in displacement measurements in open pit 

mines, which already happens instead of the on-site conventional survey method. Normally, a 

sticking marker stick on a negligible mass which is in relation to the structure, it can help 

facilitate the instrumentation of the experimental test. By employing the photogrammetry 

method to monitor the marker, it is easy to get the displacement of the structures (Jurjo et al, 

2009).  There are two factors where photogrammetry technique can be widely applied in open 

pit mines. First, with the development of the processing software, the photogrammetry system 

becomes very efficient and cheap. Second, the conventional devices always have a low 

accuracy, especially, when the rock slope has hazardous areas and is impossible to access. One 

thing should be mentioned here, when the 3D displacement is measured, at least two cameras 

should be applied. And these cameras should be calibrated and take photos simultaneously. 

However, when under a controlled condition and the structures is steady, it means that the 

monitor time can be long enough. Extract 3D displacement by only one camera becomes 

possible; only one camera can be applied but at different locations. From this method, 

Photogrammetry technique can be used to record the vibration from different locations (Ryall 

et al. 2002).   
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For certain conditions, 3D displacement is unnecessary. 2D displacement can satisfy 

the industrial demand. Therefore, some researchers proposed a simple approach to measure the 

displacement of a moving object in two directions simultaneously (Abdallah M.Khalil, 2011). 

This approach requires neither multi-camera synchronization nor mutual camera calibration 

leading to significant time saving. Therefore, this method is well suited for the applications, 

which require displacement monitoring over a long period, or lack professional expertise.  

In 2015, a NIOSH research program at Sponkane, Washington also employed the 

photogrammetry technique to analyze the rock mass condition. In addition, they proposed a 

new photogrammetry technique application. They tried monitoring the rock support condition 

and calculating the rock mass volumetric (Benton et al, 2015) by monitoring the rock roof 

deformation and crack displacement. They divided this whole process into three separate steps. 

First, photogrammetric data is being used to correlate energy input and support deformation. 

Second, field photogrammetric data is compared with crack meter data from a deep 

underground mine. Finally, based on these measurements, they calculate the volumetric 

measurement of rock mass.  

However, for most cases, monitoring the crack propagation and identifying the type of 

crack propagation are always the hardest work, because it is hard to set up a reference and 

access the optimum surveying locations. In addition, crack propagation has many types. It is 

hard for photogrammetry technique to distinguish the difference between these types of crack 

propagations. Satoshi et al (2015) proposed a new approach for measuring crack displacement 

by using the photogrammetry technique. Reflective targets were established around both sides 

of a crack as gauges and the photogrammetry technique could be used to distinguish the crack 

propagation type by analyzing the displacement of the targets (Figure 2-6).  



15 

 

 

Figure 2-6 Approach to distinguish the crack propagation type by photogrammetry technique 

(Satoshi et al, 2015) 

By using this approach, the deviation can be controlled less than 0.01 mm. For 

measuring structures displacement, this deviation can meet the industrial demand.  

2.3.2 Feature Representation and Selection 

Besides the change detection application, Photogrammetry technique can also be 

applied in feature representation and selection fields.  

When the Photogrammetry technique was firstly applied in the feature representation 

and selection field, photogrammetry technique was applied in the structural measurement at 

rock slope, because of the limitations of the accelerometers and laser Doppler vibrometers 

(Warren et al 2011). The rock slope structure characteristics are identified, normally, the 

image-based stereo-photogrammetry technique will be employed. The three-dimensional 

point-tracking method is applied to measure the dynamic condition of a structure and analyze 

its characteristics.  

Photogrammetry can also be used to accomplish high-resolution topographic surveying 

work. In the past, the data acquisition step is often passed on to specialist third party 
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organizations. With the development of the photogrammetry and industrial demand, some 

researchers began to explore how to apply photogrammetry to topographic surveying. Some 

researchers proposed a new idea “Structure-form-Motion”. The SfM method aims to solve the 

camera pose and automatic problem. Compared to the conventional topography method, 

photogrammetry is an inexpensive, effective, and flexible approach, when the objective is to 

capture the complex topography (M.J. Westoby, et al. 2012).  

In addition to structure identification, photogrammetry can also identify the 

characteristics of the discontinuities by tracking the 2D reference points. For example, some 

researchers explored the potential use of multi-views photogrammetric method in fault 

roughness studies (Amerigo et al 2017). For some field-based acquisition, other techniques 

may have some limitations.  

2.3.3 Classification and Clustering 

Classification and clustering can also be applied through photogrammetry. Among all 

the geological structures which can deeply affect the rock slope stability, discontinuity effect 

is an important one that can lead rock slope to become unstable. Some researchers pursue to 

identify the discontinuities by the photogrammetry technique (Zhu et al, 2015). Because many 

rock engineers hold the opinion that all the mechanical behaviors of the fractured rock mass 

should be based on the accurate rock mass characterization.  Photogrammetry technique is the 

most suitable one, because its low cost and high efficiency. However, the conventional 

surveying method, which is performed by compass and physical contact on the rock face, is 

often dangerous and difficult (Voyat et al. 2006). Experiments were carried on in the last 

several decades by researchers (Voyat et al. 2006; Zhu et al, 2015; Gaich et al 2006). Finally, 

they found that photogrammetry technique can be used to identify the discontinuity orientation 

and position, if they apply the professional image processing software (Figure 2-7). 
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 (a) Joint recognition (b) Trace length identification 

 

 

(c) Opening measurement (d) Spacing between a set of joints 

Figure 2-7 Discontinuities identification based on the photogrammetry technique (Zhu et al, 

2015) 

In their studies, with the help of specific image processing software, the group of 

triangular grids which are parallel approximately and adjacent, was identified as a joint face. 

The position, outer normal vector, dip direction and dip angle of the joints are calculated by 

the average geometric data of the grids and transmitted to the modelling module. From this 

approach, it is easy to get the trace length, joint opening and spacing information through 

photogrammetry technique (Voyat et al. 2006).  

Encouraged by these meaningful achievements, Chesley et al (2017) wanted to develop 

a new approach to characterize sedimentary outcrops. In his study, he applied multiple 

overlapping images and an image-based terrain extraction algorithm to reconstruct the location 
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of individual points from the photographs. However, this new approach still not very proficient; 

it only can be applied in sub-meter scale measurement by using current image processing 

software. For most of the open pit mines, this precision can meet the industrial demand. 

However, if they want to analyze the rock slope stability, the sub-meter scale measurement 

approach may cause a large deviation.  

Besides these applications, some engineers wanted to propose a new photogrammetry 

approach to construct the geological cross-sections for the outcrops (Santiago Martin, 2012). 

In their studies, the control points taken on the field, and the three-dimensional model 

recovered, layers and tectonic structures recognized in the images can be easily projected in 

any desired direction (Figure 2-8).  

 

Figure 2-8 Stereoscopic of a portion of the cliffs interpreted from a geological point of view 

(Santiago Martin, 2012) 

With the increase of the industrial demand, the old photogrammetry technique became 

obsolete. Currently, there are lots of software suits can build a 2D or 3D model. And doing 

other things to obtain accurate and fast results. For example, some specific software can 

combine some low-resolution images to make a high-resolution image and automatically make 

panorama photos by these software suites (Gaich et al 2006) (Figure 2-9). Currently, there is 

some software that can construct 3D models based on original 2D images and identify the 

geological structure; it can greatly reduce the engineer’s workload and increase the accuracy 

of the result.  
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Figure 2-9 Pair of images captured from the same location merged into a single large image 

(Birch, J. S. 2006) 

When applying the photogrammetry technique, there are several different images 

capturing modes that can be applied. Everyone has their own advantages and drawbacks. 

Careful thinking should be used in this part to choose a suitable image capturing mode based 

on surveying environment and industrial demand. There are three widely applied image 

capturing modes, including 1) Independent, convergent models (Figure 2-11-a), 2) Strip of 

models (Figure 2-11-b), and 3) Image fan (Figure 2-11-c). 

 
 (a)    (b)   

Figure 2-10-a (a) Independent, convergent models (b) Strip of models (c) Image fan models 

(Birch, J. S. 2006) 
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(c) 

Figure 2-11-b (a) Independent, convergent models (b) Strip of models (c) Image fan models 

(Birch, J. S. 2006) 

For most cases, the image fan is the optimum way to take the photo model of the open 

pit rock slope (Birch et al 2006).  This method is similar to independent, convergent models, 

except that a series of images are taken from each camera location. This image capturing mode 

has two important advantages. First, multiple images were captured from each location, it 

means there are far fewer unknowns to be determined by the bundle adjustment. This can 

improve the strength of the solution. Second, multiple images which are captured in the same 

location, can be merged into a high-resolution image by image processing software. It can 

enhance the accuracy of the result. However, this mode has an important drawback. When this 

mode is compared with other capturing modes, each location needs to have multiple images. It 

will lower the work efficiency.   

2.3.4 Other Photogrammetry Applications 

To increase the accuracy of the remote sensing results, some researchers explored 

combining the LiDAR and photogrammetry techniques, which combines the advantages of 

both techniques (Arianna Pesci, 2007; M. Lato, 2012; Lato, 2013; Salvini, 2012; Kenner, 2013; 

Wojciech 2017�. Data from photogrammetry, topographic measurements and laser scanning 

are integrated to build a digital model of the slope and to characterize the rock mass and block 

geometry. Based on this awareness, Pierre Assali et al (2014) applied this method in a project. 

He found that current surveying method have drawbacks, because they can only examine the 
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most highly fractured area of the rock face. However, these drawbacks can be overcome by 

using the photogrammetry technique or other 3D measurement techniques. Therefore, he 

developed a semi-automatic process can combine the result of field survey and 

photogrammetry to enhance the accuracy of the result (Figure 2-12).  

 

Figure 2-12 The process of combining Photogrammetry and conventional surveying method 

(PierreAssali, 2014) 

Besides Pierre, another researcher, M. Sturzenegger, combines the close-range 

terrestrial digital photogrammetry and terrestrial laser scanning for discontinuity 

characterization (Figure 2-12). In his study, selected case studies are used to estimate the 

accuracy of several 3D model construction approaches (Figure 2-14).  

 
 (a)    (b)  

Figure 2-13-a (a) Laser scanner point cloud (b) Recognizable discontinuity surfaces and 

traces (Laser) (c) Location of discontinuities (Photogrammetry) (M.Sturzenegger, et al 2009) 
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  (c)    

Figure 2-14-b (a) Laser scanner point cloud (b) Recognizable discontinuity surfaces and 

traces (Laser) (c) Location of discontinuities (Photogrammetry) (M.Sturzenegger, et al 2009) 

As the remote sensing technique becomes more and more reliable and cost efficient, 

there are many cases which applied the remote sensing method in the rock mechanics 

engineering field, for example, brittle slope failure monitoring, rock mass characterization, and 

rock slope stability analysis.   

The photogrammetry system can identify the geological structures and measure the 

displacements. Additionally, it is also an optimum way to monitor and early-warn the brittle 

slope failure in hard rock mass. In an Italian project (Carla et al. 2017), researchers analyzed 9 

instabilities occurred at an undisclosed open-pit mine; all the rock block cases ranged from 

1500 tons to 750,000 tons. After combining the historical cases and the deformation 

information of the rocks, Carla found that it was reasonable for them to apply the 

photogrammetry system to pre-warn of the rock slope failure.  

The following is an example which shows an image processing software that identifies 

the geological structures. From this model, it is obvious that this type of software identifies the 

geological structures by identifying the joint apertures (Figure 2-15) (Birch et al. 2006).  
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Figure 2-15 Identify the geological structures by 3DM (Birch et al. 2006) 

In this research, identifying the geological structures and analyzing its effects on rock 

slope stability are the two most important goals. Most previous studies focused on monitoring 

displacements and calculating rock mass volume. Relatively fewer researchers focused on 

improving the identification of geological structures more efficiently and accurately.  Therefore, 

this study, emphasizes to automagical identification of geological structures by 

photogrammetry and how to overcome previous drawbacks to identify geological structures 

which cannot be identified by conventional methods. An emphasis is also placed on evaluating 

the geological structures effects on rock slope stability.  

2.4 Rock Mass Evaluation 

The characterization of rockmass can offer the key information on the design of rock 

engineering constructions, such as tunnels, slopes, and foundations. Rockmass can have 

discontinuities, joints, faults and so on, so that its physical composition has so many variations 

that its strength is no longer in the same order of magnitude as with the intact rock. The 

rockmass characterization was studied by many researchers, and many classification systems 

were developed and put into practice during the past one hundred years. Among them, the 

widely accepted and used systems are the Rock-quality designation (Deere, D U 1964), Q-

system (Barton et al., 1974), and Rockmass Rating (Bieniawski et al., 1974), and many more 



24 

 

systems that are founded upon some of these three systems.  

Compared to on-site survey the rock mass properties, evaluating the rock mass 

mechanical properties by rock mass classification approach is a better option. These 

classification criteria not only can provide a description of the rock mass condition and 

mechanical properties, but also for some criteria, like the Q system, it can also guide engineers 

how to reinforce the weak rock mass for a certain application. 

2.5 Drone Application 

With the development of the automatic technology, the drone is already widely applied 

in the rock engineering field. A drone is essentially an unmanned aerial vehicle (UAV) (ICAO, 

2016), which is an aircraft without a human pilot aboard. Normally, a drone is a component of 

an unmanned aircraft system (UAS), which should include three parts, drone, a ground-based 

controller, and a system of communications between previous two parts. Generally, two types 

of control system either control drone. It can be under remote controlled by a human operator 

or autonomously controlled by pre-set program (ICAO, 2016).   

Compared to the manned aircraft, drones were originally used for dangerous or dirty 

surveying tasks. In the beginning, drones were mainly applied in the military field. With the 

development of the drone technology, the drone became cheaper and cost efficient, and its 

application fields rapidly expanded to commercial, scientific, recreational, agricultural, and 

other applications (Ulrike Esther, 2015), such as policing, peacekeeping, surveillance, product 

deliveries, aerial photography, agriculture, smuggling (Caroline, 2015), and drone racing. In 

this thesis, if the geological structures by the ground-based photogrammetry equipment are 

identified, it will not only affect the open pit operation, but also lower work efficiency and cost 

extra work time.  

After considering all the possible factors, applying the drone in surveying task can 

complement these above-mentioned drawbacks. Actually, applying drones to detect geological 

condition has a long history. However, currently, drones mainly are employed to do the 

topography surveying work. Applying drones in open pit mines still needs further development. 
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Figure 2-16 Surveying route of the drone for topography mapping (Robert Lautenschlager, 

2015) 

 

 

Figure 2-17 Result of drone surveying (Robert Lautenschlager, 2015) 

Figure 2-16 and Figure 2-17 show how the drone operates to build the construction 

model and to identify the topography structures. The two photos come from a Spanish project 

(Robert Lautenschlager, 2015). The objective was to apply a drone to measure the earth’s 

movements, stockpiles volume, and the stakeout of concrete structures. From the two figures, 

it is clear that drones can easily fly over landfills and open mine sites to quickly and efficiently 

seek out precise geological structures.  

In a real work environment, ground-based Lidar and ground-based photogrammetry 

equipment do not always work. Some factors, including work environment, mine operation, 
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and work efficiency, can affect the survey location availability. After considering all these 

possible factors, applying a drone to do the surveying work can complement these above-

mentioned drawbacks (G.Di Stefano. 2017). During the surveying mission, drones can be used 

instead of the expertise. Therefore, drones have become one of the most popular methods to 

acquire high-resolution photos and investigate the hazardous area.  

In fact, there are many projects that have already employed drones instead of engineers 

to do survey work. Riccardo Salvini et al (2016) described an Italian project, in which, they 

applied a drone in collecting data for mapping discontinuities in a marble quarry. The drone in 

this project stayed close to the slopes and at different angles when taking photos, which also 

depends on the orientation of shadow areas and to obtain detailed information on any feature 

desired. Based on the photos, from the drone, it is easy to obtain the dense three-dimensional 

points cloud through image processing. However, this method is not perfect: joint attitude and 

discontinuities set cannot always can be mapped certainty. Double check should be made to 

guarantee the accuracy. Geological structures (faults, joints and fractures) are identified by the 

photographic detection method and the equivalent three-dimensional structures are then 

identified with a 3D surface model, which is generated by structure from motion (SfM). 

Compared to the ground-based photogrammetry technique, it can reduce the effects of the 

shadow areas and angle on geological structure identification (YathunanthanVasuki, et al. 

2014).  

In addition, Mariella Danzi et al (2012) to analyzed the rock slope stability based on 

the photogrammetry technique and unmanned aerial vehicles (UAVs), in close proximity to an 

inaccessible area and to conduct survey work. The approach can be used to identify the 

discontinuities in terms of positions on the slope and orientation, spacing, persistence, and joint 

hierarchy (Figure 2-18). More application need to be expanded in the future.  
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Figure 2-18 Photo by drone of Coroglio cliff and georeferenced (Mariella Danzi, 2012) 

In summary, it is clear that in most of the cases, combining the drone helicopter and 

photogrammetry, can provide a stable environment for the camera to take photos. A fixed-wing 

UAV can also be applied to do the landslide mapping work, due to its low cost and easy control 

characteristics (J. Y. Rau, 2011). However, in the past, almost no researchers tried to identify 

the geological by drone. With the application of the ground-based camera, ground-based 

photogrammetry technique shows more and more drawbacks. 
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CHAPTER  3  

STATEMENT OF EXPERIMENTAL  

OBJECTIVES 

The new approach of automatic geological structure identification based on digital 

photographs acquired by a drone with the intent of evaluating geological structure’s effect on 

rock slope stability is a strategy for increasing safety, efficiency and enhancing the accuracy of 

the slope stability analysis results. In addition, this approach reduces the costs of field 

surveying work cost and any associated disruptions on normal open pit mine operations. The 

proposed approach could also be a potential framework for a new open pit slope monitoring 

system. To examine the feasibility of the utilization of drone imagery as related to geological 

structure identification and slope stability analysis, hypotheses are tested by accomplishing the 

following objectives: 

1. Drone or UAV’s can acquire higher resolution images and a richer information suite 

about geological structures for slope stability analysis than a ground-based camera 

which is restricted. There are two methods to test this hypothesis. First, the same rock 

face part is taken by the ground-based camera and aerial-based camera separately. The 

same image processing approach is employed to process the photos. The criterion is 

that the geological structures, which are identified by drone photos, cannot be identified 

by ground-based photos. In addition, pixel density calculation is also an important 

technique. The criterion is that the pixel density of the drone photos is larger than 

ground photos.  Table 3-1 shows these two criteria. 

Table 3-1 Design criteria for geological structures identification 

Pixel Density Drone photo > Ground photo 

Identified Geological Structures Drone photo > Ground photo 

2. The photogrammetry technique can be used to infer critical rock mass mechanical 

properties. When the on-site surveying data is lacking, it is possible to assess the rock 
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mass mechanical properties based on the rock mass classification system. The criterion, 

as discussed in detail later, is to examine whether the photo technique can determine 

the possibility of each failure mode and joint spacing.  

3. Geological structural data and information inferred about the rock mass mechanical 

properties which are obtained from photogrammetry can be used to evaluate the rock 

slope condition. The criterion is the possibility of each failure mode and joint spacing 

which can be obtained from the photogrammetry technique.   
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CHAPTER  4  

RESEARCH METHODOLOGY 

4.1 Photogrammetry and Image Acquisition 

In this study, the photogrammetry technique is used with two main objectives: image 

acquisition and image processing. A drone with aerial-based camera is applied to capture the 

rock slope images. The aerial based camera can capture high-resolution images, thus having an 

advantage over a conventional ground-based camera which is restricted by positioning, in 

identifying the geological structures on rock surface. The drone is allowed to hover in the air 

for some time before being sent close to the slope surface to capture images.  

 

 

  (a)    (b)   

Figure 4-1 (a)DJI PHANTOM 3 SE (b) Remote controller (DJI, phantom 3 SE, 2017) 

In this study, the drone model DJI Phantom3 SE is employed to do this work (Figure 

4-1-a). The drone can be controlled in 4KM control range (Figure 4-1-b). The remote controller 

of the drone is manipulated by the user to reach the position at certain height and take photos. 

Also, the surveying data of the drone itself can be recorded and stored simultaneously. Figure 

4-2 shows the camera with the resolution of 12MP installed on the drone.  The technical 

specifications of the camera are shown in Table 4-1.  It should be noted that the camera can 

also be used to take rock slope photos on the ground. A series of comparative experiments has 

been carried out to investigate the difference of geological structure identification using the 

ground-based camera and aerial-based camera. Figure 4-2 shows the scheme of these two 
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comparative methods. 

 

Figure 4-2 Drone camera (DJI, 2017) 

Table 4-1 Technique specs of the employed camera (DJI, 2017) 

Sensor 1/2.3” CMOS  

Effective pixels: 12M 

Lens FOV 94° 20 mm (35 mm format 

equivalent) f/2.8 focus at ∞ 

Image Size ×  

Electronic Shutter Speed 8 − /8 s 
ISO Range 100-1600 

In order to balance the accuracy and work efficiency, pixel density should be calculated 

to determine the optimum image capture distance. For example, to identify the geological 

structures which spacing is 1cm, at least 1 pixel should be assigned to the 1 cm joint aperture 

as shown in (Figure 4-4).  

 

Figure 4-3 Differences between Ground-Based Camera and Aerial-Based Camera 

For a camera with the resolution of 1080p, THE image pixel density is 1920 ppi * 1080 

ppi. The equation (4.1) shows its pixel density on lens.  
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 8 � = . ���� /�  

 

 (4.1) 

 

Figure 4-4 Optimum pixel density 

The lens length (from lens to sensor) of this camera is 35mm. The equation (4.2) shows 

the calculation of the distance between camera and rock slope face.  

  �� � �� = ���� /�. ���� /�  
             

(4.2) 

Therefore, to identify the geological structure with aperture less than 1 cm, the optimum 

distance from camera to rock face should be less than 14 m. In actual condition, the distance 

should be less than 10 m accounting for other disturbing factors. 

4.1.2 Image Processing 

4.1.2.1 Image Condition Processing 

To make the geological structures clearer and reduce the effects of the shadow area on 

geological structure identification, original drone photos should be processed to minimize the 

geological structures misidentification. Image should be processed by varying brightness and 

contrast conditions to make all geological structures clearer.   

The brightness, contrast and threshold adjustment were achieved using by Image J 

software, which is a public domain Java image processing program inspired by NIH Image for 

the Macintosh. This image processing software contain several powerful and useful features. 

Image J can display, edit, analyze, process, save and print 8-bit, 16-bit and 32-bit images 

(Image J, 2016). Therefore, the effects of the shadow zones on geological structure 

identification could be minimized using Image J. The Figure 4-5 shows how to process the 

images to minimize the occlusion zone effects and make the structures clearer.                                                                                                                   
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Figure 4-5 Flow Chart of How to Process the Images to minimize the occlusion zone effects 

4.1.2.2 Geological Structure Identification using MATLAB 

As stated, geological structure is an important factor which can affect rock slope 

stability. However, there are limited effective tools for engineers to identify all geological 

structures, especially when the rock slope is located in a potential hazardous area. MATLAB 

was employed to identify the geological structures and group the geological structures 

according to their geometrical properties. First, in to reduce the color effect and increase the 

accuracy of automatic identification, the colorful photos should be converted to black and white 

type using the gray level conversion method. The contrast of the image should be carefully 

calibrated (Appendix A). The grey level conversion function which was applied in expected as 

shown in equation (4.3).  

 g x, y = [R x, y + G x, y + B x, y ]/  

 

 (4.3) 

 

Occlusion zone

Is brightness suitable for  

structure identification?

Does color difference 

affect the identification?

Increase brightness 

Increase contrast

Decrease brightness Decrease brightness 

Increase contrast

Increase brightness 

Does color difference 

affect the identification?

yes no noyes

Processed images

Convert to black and 

white image

yes

Is the brightness too high or 

too low?

no

low high
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Where, the g(x,y) stands for the output black and white image; f(x,y) is the input color 

image; R(x,y); G(x,y) and B(x,y) are the RGB components of color image. To highlight the 

geological structures, the image needs to be smoothed by manually.  

The second step is to eliminate the photo’s noise. The photo noise comes from several 

sources, including electrical sensor noise and photographic grain noise. Therefore, swelling 

operations in manual procedures must be performed for the black and white images in order to 

remove unnecessary noise, which may lead to errors in geological structure identification.  

The third step is to identify the geological structures. Edge and line location on the 

images can be easily identified from the distribution of white pixel under black background (or 

black pixel under white background) (Appendix A).  

The fourth step is to measure the gradient of each identified geological structure 

(Appendix B). The horizontal line is taken as the measurement baseline. 

The fifth step is to group the identified geological structures (Appendix C). Normally, 

joints which come from same joint set are parallel to each other. The geological structures, 

whose gradient are similar, are grouped as a joint set. The automatic geological structure 

identification steps are shown in the flow chart on Figure 4-6. 

4.2 Hoek-Brown Failure Criterion 

After structural identification, Hoek-Brown failure criterion was employed to evaluate 

the rock mass condition. This criterion is based on intact rock properties (UCS and mi), fracture 

density (GSI) and disturbance factor (D) to evaluate the rock mass mechanical properties. The 

required mechanical properties can be obtained from the drone photos and laboratory tests.  

4.2.1 Geological Strength Index (GSI):  

The Geological Strength Index (GSI) system was first proposed in 1995 (Hoek and 

Marinos 2000). The GSI aims to build a system to estimate the rock mass strength and the rock 

mass deformation modulus, when the professional equipment is lacking. The GSI system 

mainly concentrates on the description of two main factors, rock structures and block surface 

conditions. Figure 4-7 shows the GSI criterion. The guideline above (Figure 4-7), which is 

given by the GSI system, is used for evaluating the rock mass strength and condition of jointed 
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rock mass.  

 

Figure 4-6 Flow chart of the automatic geological structure identification 

 

Figure 4-7 Fracture density criterion for GSI values estimation (Hoek and Marinos 2000) 
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4.2.2 Disturbance factor (D): 

D is known as disturbance factor (E.Hoek. 2002). It is a factor which depends upon the 

degree of disturbance. Its value ranges from 0 for undisturbed in situ rock masses to 1 for very 

disturbed rock masses. The guidelines for the selection of D are presented in the following 

table (Figure 4-8). 

 

Figure 4-8 Excavation and application criterion for estimating D values (E.Hoek. 2002) 

4.2.3 The mi constant: 

The mi constant normally comes from the laboratory test results (E. Hoek. 2002). It is 

highly related to the rock type and texture of the rock mass. Therefore, if the laboratory test 

data are unavailable, the mi can be estimated from the chart shown on Figure 4-9. We can 

evaluate it based on the rock type and texture condition of the rock mass.  
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Figure 4-9 Rock type and texture criterion for mi value estimation (E. Hoek. 2002) 

4.2.4 Evaluation of strength conditions 

RocData is a versatile toolkit for analyzing the strength condition of the rock and soil. 

It can also help evaluate rock mechanical properties based on rock mass condition, including 

cohesion, uniaxial compressive strength and tensile strength.  

It contains more than 900 credible test records from different resources, including 

tensile strength, elastic properties, velocity parameters, compressive strength and Hoek 

parameters. This database can be searched and filtered in various ways and allow users to add 

their own data to the database (RocScience, 2018). It can apply the Hoek and Brown failure 

criterion to evaluate the rock mass mechanical properties.  

 



38 

 

4.3 Kinematic analysis 

The effects of the geological structures effects can then be evaluated using kinematic 

analysis. The DIPS 7.0 is employed to analyze the effect of the geological structures and the 

condition of the geological structures. Using stereographic projections, DIPS is an effective 

software package to analyze and visualize geological structure data. In addition, DIPS contains 

several useful computational features, including statistical contouring of orientation clustering, 

mean orientation and confidence calculation, cluster variability, kinematic analysis, and 

qualitative and quantitative feature attribute analysis (Rocscience, 2017). 

 

Figure 4-10 Calculation of the joint spacing by the traverse method 

Kinematic analysis can be divided into two main components. 

The first step is to evaluate the possibility of different failure modes. DIPS 7.0 can help 

assess the possibility of different types of failure modes. When the kinematic analysis is 

conducted, some parameters are necessary, including dip and dip angle of the rock slope, 

fraction angle and cohesion.  

The first step is to calculate the joint spacing of the rock slope. Joint spacing is a key 

parameter of the rock slope, it is a key parameter to outline the discrete condition of rock mass. 

To calculate the joint spacing, the traverse method can be applied. During the traverse method 

a line called traverse is taken as a reference line, to measure the distance between two joints. 

Above Figure 4-10 shows how to calculate the joint spacing of a joint set.  
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CHAPTER  5  

APPLICATION OF PROPOSED METHODOLOGY 

5.1 Example 1: Jin Bao Open Pit Mine 

5.1.1 Background Information  

The photo shown on Figure 5-1 was obtained from Xinjiang Fuyunmeng iron mining 

company, which is located in Fuwen City, Xinjinag autonomous regions, China. This open pit 

is applying the open pit mining system and is mainly producing iron ore. In 2015, the product 

of this open pit achieved 4 Mt/a and became one of the largest open pit mines in Xinjiang 

autonomous regions (Zijin mining, 2016). In this open mine, it mainly consists of the gneiss. 

The target rock slope suffers little weather.  

5.1.2 Rock Mass Evaluation of Rock Slope  

Figure 5-1shows the rock slope in Jin Bao open pit mine, which is taken by an aerial-

based camera. 

 

Figure 5-1 Rock slope in Jin Bao Open Pit Mine (Captured by aerial-based camera) 

The Hoek-Brown failure criterion requires three parameters to evaluate the rock mass 

mechanical properties, including rock sample parameters, fractures density and disturbance 

factor.  

First, Jin Bao Open Pit Mine was excavated by the drill and blasting method. The clear 

blasting hole clues on rock slope face (Figure 5-1) can be seen. Therefore, according to the 
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disturbance factor criterion, D=0.7 was employed for this rock slope.  Second, this rock slope 

mainly consists of gneiss rock. laboratory tests show that the UCS of this type of rock ranges 

from 150MPa to 200MPa. In this example, the average value 175MPa is taken to evaluate the 

rock mass properties. The third one is the mi value estimation. This rock slope mainly consists 

of the gneiss, and texture of the rock looks very coarse. Based on the database, mi value ranges 

from 25~31. In this study, mi=28 is employed. 

GSI value can be evaluated by careful inspection of the drone photo (Figure 5-1). GSI 

index is also used to show the fracture density of the rock mass. Because the fracture dentistry 

conditions of this rock face are not homogenous, it is necessary to divide the rock face into 

several groups, as shown on Figure 5-2.  From this photo, it is obvious that the rock face of the 

rock slope in the photos shows a relative good quality. However, the quality of each part of the 

rock slope is not homogeneous. It is clear that the major part of the rock slope contains less 

densely fractures and displays a low degree of weathering conditions. However, there are still 

some parts with worse conditions, either with high fracture density or high degree of 

weathering. It would thus be more appropriate to classify the rock mass according to a different 

fracture and weathering criteria. In addition, if the rock slope stability is considered, the worse 

condition should be employed to evaluate the rock slope stability for safety considerations.  

 

Figure 5-2 Divided group for rock slope in Jin Bao open pit mine (based on fracture density) 

From Figure 5-2 and joint spacing result of the joint set on rock slope, the rock face 

which contains a good quality, GSI=45 is employed to indicate the fracture density condition. 

For the rest part of the rock face, GSI=35 is used.  
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After estimating the required Hoek-Brown failure criterion’s parameters, the rock 

mechanical properties can be assigned as summarized in Table 5-1.  

Table 5-1 Mechanical properties of rock slope in Jin Bao Open Pit Mine (drone-based photo) 

Group Rock Type mi D GSI Friction 

(deg) 

A gneiss 28 0.7 35 24.35 

B gneiss 28 0.7 45 36.476 

However, when estimating the GSI value and rock mechanical properties based on the 

joint spacing result of ground-based photos, the result will show different. Accounting for the 

fair surface condition and large joint spacing result, GSI=55 is employed to indicate the block 

density condition. After estimating the rock mass properties by Hoek-Brown failure criterion, 

the summary of the rock mass mechanical properties shows in Table 5-2. 

Table 5-2 Mechanical properties of rock slope in Jin Bao Open Pit Mine (ground-based 

photo) 

Rock Type Mi D GSI Friction (deg) 

Gneiss 28 0.7 55 36.476 

5.1.3 Geological Structures Identification  

5.1.3.1 Geological Structures Identification (photos are captured by aerial-based camera)  

Figure 5-3 is an original drone photo of the rock slope in Jin Bao open pit mine. It is 

obvious that blasting excavation method generate some fractures on the rock face, which are 

hard to automatically distinguished from other natural geological structures. That is also a 

drawback of the photogrammetry technique, it cannot distinguish the natural geological 

structures and manmade structures. Further research should be done to find an approach, which 

can distinguish these two types of structures and evaluate the effects separately.   
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Figure 5-3 Upper bench of the rock slope (Photo is captured by aerial-based camera) 

If the geological structures are identified by physical inspection, only a few geological 

structures can be identified. The final result is shown on Figure 5-4. Therefore, image 

processing and automatically identification are important in this study to promote accuracy and 

efficiency.  

 

Figure 5-4 Geological structures identification (raw eyes) 

Generally speaking, the image processing software can help resolve several issues 

including improving the resolution of geological structures.   

In this study, the original image should be processed in three different conditions to 

reduce the shadow area effects and make the geological structures clearer. The following figure 

(Figure 5-6 aandbandc) shows the drone photo in three different brightness and contrast 



43 

 

conditions. 

 
(a)Photo in Low brightness High contrast processed condition 

 

(b) Photo in Middle brightness High contrast processed condition 

Figure 5-5-a Image in different brightness and contrast 
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(c) Photo in High brightness High contrast processed condition 

Figure 5-6-b Image in different brightness and contrast 

Figure 5-6 a - c show the procedure of improving the resolution of geological features 

to help minimize misidentification.  

Figure 5-8 shows results of the automatic geological structures identification by 

MATLAB software. The MATLAB used is included in the appendix (appendix A).  

 

Figure 5-7-a Geological structures automatic identification by MATLAB 

(a)Identification result of low brightness high contrast condition 
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(c)Identification result of high brightness high contrast condition 

Figure 5-8-b Geological structures automatic identification by MATLAB 

It is worth mentioning that automatically identifying the geological structures may lead 

to some geological structures misidentification.  

 

 

 

 

(b)Identification result of middle brightness high contrast condition 
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Figure 5-9 a -b and c show all automatic identified geological structures.  

 

(a)Structure identification result with low brightness and high contrast 

processed condition 

 

(b)Structure identification result with middle brightness and high contrast 

processed condition 

 

(c)Structure identification result with high brightness and high contrast 

processed condition 

Figure 5-9 Geological structures identification in different processed condition of the upper 

bench 
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The automatic identification of the original photo always causes errors; therefore, three 

different image processing sequences are applied using MATLAB code. The three processing 

sequences can reduce the geological structure misidentification in an image.  

Given that different processed images are employed in this selection, the joints which 

come from the same set should be grouped into one set to conduct further analysis.  

Based on the MATLAB results, geological structures of the rock slope in an open pit 

mine mainly can be divided into two main joint sets. MATLAB can extract the geological 

structures which contain the same slope angle (or deviation less than 10 degree) into a group. 

Figure 5-10 and Figure 5-11 show the result of the joint sets group. 

 

  

 

  (c) High brightness high contrast   

Figure 5-10 First joint set in three different process conditions 

Given that three types of image processing exist, after these the photos are processed using 

MATLAB code, each joint set will have three results. For example, for first joint set, there are 

three results, Figure 5-10 a – c. 

(a) Low brightness high contrast (b) Middle brightness high contrast 
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 (a)Low brightness high contrast  (b)Middle brightness high contrast

  

 

  (c)High brightness high contrast   

Figure 5-11 Second joint set in different process conditions 

It is necessary to combine all these threes results and create a combination. The 

combined results of these two joint sets on the rock as shown on Figure 5-13.  

 

(a)First joint set 

Figure 5-12-a Combining identified geological structures 
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(b)Second joint set 

Figure 5-13-b Combining identified geological structures 

The final step is to overlay the identified geological structures on the original photos to 

get the relatively location of each joint set as shown on Figure 5-15.  

 

 (a)  

Figure 5-14-a (a) First joint set (b) Second joint set of the upper bench 

All these above steps show how to process the image to identify the geological 

structures. Figure 5-16 shows the detailed relative location of each geological structure. It 

should be noted that even image processing software and MATLAB can help make the 

geological structures more distinct, and automatically identify the geological structures. 

However, there are still some drawbacks using this method. For example, in this part, blasting 

hole and natural geological structures cannot be properly distinguished.  
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 (b)  

Figure 5-15-b (a) First joint set (b) Second joint set of the upper bench 

 

Figure 5-16 Final geological structures identification for upper bench 

When the effect of the geological structures on the rock slope stability are evaluated, 

the length of the geological structures is another important factor needs to be carefully 

considered. The length of the rock slope was taken as the reference in this example. The length 

of the geological structures on rock slope is shown on Table 5-3 and there are 13 total joints 

on the upper bench.  

Table 5-3 Length of the joints of rock slope at Jin Bao open pit mine 

Joint # Length (m) Joint # Length (m) 

1 2.11 8 2.78 

2 4.46 9 3.84 
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Table 5-3 Continued 

3 4.84 10 6.57 

4 3.69 11 7.79 

5 4.02 12 6.14 

6 4.59 13 6.27 

7 5.08 
  

5.1.3.2 Geological Structures Identification (group-based camera)  

To show that some geological structures can be identified from drone photos, and these 

geological structures cannot be identified from ground photos, another comparative experiment 

was carried out. The same camera was used to obtain photos from the ground. And then, 

comparing the geological structure identification results between drone photos and ground 

photos. In this study, the only difference between these two experiments was the capture 

distance. Figure 5-17 shows the same rock slope which was taken by the ground-based camera. 

The measured distance between the camera lens and the rock slope is approximately 50m.  

 

Figure 5-17 Rock slope in Jin Bao Open Pit mine (captured by the ground-based camera) 

When a cross section of the rock slope which was analyzed in the previous section is 

created, the rock slope appears as shown on Figure 5-18.  
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Figure 5-18 Target rock slope in open pit mine (cut from the whole rock slope photo) 

Because of the pixel density factor due to the fact that the drone is free to draw closer 

to the slope face, it is obvious that the drone photo has higher resolution than the ground photo. 

Further, it is impossible to identify any geological structures from the ground photo by physical 

inspection. If the image processing method is applied to make the geological structures clearer, 

the result is still very vague. Figure 5-19 a - b show the automatic geological structures 

identification result. There are 4 identified joints in total.  

  
 (a)  (b)  

Figure 5-19 (a) Processed image of the upper bench (b) Geological structures identification 

After processing the ground photos, only four geological structures can be identified 

(Figure 5-19-b). Further, it cannot be guaranteed that the features represent geological 

structures and not photo noise. Even if a high-resolution camera were employed, the cost-

efficiency, time-consuming and result accuracy would make photogrammetry technique 

become unacceptable. Therefore, aerial-based cameras should be used instead of the ground-

based camera. The Table 5-4 shows the length of the identified joints which take the size of 

rock slope as the reference.  
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Table 5-4 Length of the identified joints of rock slope at Jin Bao open pit mine 

 

5.1.4 Influence of Geological Structures on Rock Slope  

In this section, DIPS 7.0 is employed to analyze the effect of the geological structures 

on the rock slope.  Based on the background information which was provided by the open pit 

operator, the entire rock slope mainly contains two joint sets (same as the identification results). 

Table 5-5 shows the average strike angle and dip angle of these two joint sets.  

Table 5-5 Average strike angle and dip angle of the joint set in Jin Bao Open Pit Mine 

 

From Table 5-5, it is clear that joints which are from the same set, have a deviation of 

less than 5 degrees. In this study, it is impossible to measure strike angle and dip angle of each 

joint, because and the area is inaccessible. It is also impossible to measure strike angle and dip 

angel by photogrammetry technique. Therefore, it is reasonable to assume each joint set strike 

angle and dip angle according to a normal distribution. Based on this assumption, the software 

@risk was employed to simulate the strike angle and dip angle of each joint. 

The properties of each joint are summarized in Table 5-6.  

Table 5-6 Properties of the joint on rock slope in Jin Bao Open Pit Mine 

 

                        
    

                        
    

1 3. 2 3  .2  

2  .      .8  
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Table 5-6 Continued 

 

It is important to evaluate the effect of the geological structures on rock slope condition 

and evaluate the possibility of each failure mode. The DIPS 7.0 is a suitable tool to conduct 

these analyses. When the properties of joints are applied, the Stereonet Plot of the rock slope 

is obtained as shown on Figure 5-20.  

 

Figure 5-20 Stereonet plot of rock slope in Jin Bao Open Pit Mine 

DIPS 7.0 contains kinematic analysis features and can be used to analyze the likelihood 

of each failure mode. According to the potential of different failure modes, specific remedial 

measures can be suggested to increase the stability of the rock slope.  

 

 

 

 



55 

 

5.2 Example 2: Albert Frei and Sons / Walstrum Quarry 

5.2.1 Background Information  

Albert Frei and Sons quarry is located in Idaho Springs, about 40 miles from Golden, 

Colorado. The produces quarry more than 3.3 Mt schist annually and has been in operation for 

more than 30 years. This quarry mainly consists of schist and close the clear Greek river. The 

rock slope in this quarry suffers low degree of weather.  

 

5.2.2 Rock Mass Evaluation  

To show that the new automatic identification approach could be extended beyond open 

pit mine rock slope, an investigation was carried out in Albert Frei and Sons / Walstrum Quarry.  

Similar to the rock slope in the open pit mine, rock mass condition should also be 

evaluated for the rock slope in a quarry. From Figure 5-21 obtained from Albert Frei and Sons 

/ Walstrum Quarry, it is clear that the quality of rock mass is relatively high, compared with 

the rock mass condition in Jin Bao Open Pit Mine.  

 

Figure 5-21 Rock face of rock slope in Albert Frei and Sons / Walstrum Quarry. (Captured by 

aerial-based camera) 

The investigated seem of rock slope was historically excavated by the drilling and 

blasting method. The disturbance factor (D) should be taken 0.7 for this rock slope. Secondly, 

the open pit mainly consists of schist rock. According to on-site surveying, the UCS of this part 
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of rock is 35MPa. Most of the rock slope shows a good quality. Accounting for the joint spacing 

which is calculating in the following part, a GSI of 60 is employed for this part of rock, the rest 

should be taken GSI=43. However, if the joint spacing result of the ground-based photo is 

applied, a GSI of 63 will be applied for this part of rock slope. The last step is to estimate the 

mi value. From the photos, it can be seen that the rock mass texture is very smooth therefore, 

12 is employed in this study. To increase the accuracy of the final result, the entire rock face is 

divided into two groups, as shown on Figure 5-22.  

 

Figure 5-22 Illustration of group assignment for rock slope in Albert Frei and Sons / 

Walstrum Quarry (Based on facture density) 

After estimating the rock mass properties, result of the evaluation which is based on the 

drone-based photo, can be summarized as shown on Table 5-7.  

Table 5-7 Mechanical properties of the rock mass at Albert Frei and Sons / Walstrum Quarry 

(drone-based photo) 

Group Rock Type mi D GSI Friction 

(deg) 

A Schist 12 0.7 60 26.755 

B Schist 12 0.8 43 15.182 

The Table 5-8 shows the result of the mechanical properties evaluation which is based 

on the ground-based photos.  
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Table 5-8 Mechanical properties of the rock mass at Albert Frei and Sons / Walstrum Quarry 

(ground-based photo) 

Group Rock Type mi D GSI Friction 

(deg) 

A Schist 12 0.7 63 28.611 

 

5.2.3 Identification of Geological Structures at Rock Slope in Albert Frei and Sons / 

Walstrum Quarry 

5.2.3.1 Identification of geological structures at Albert Frei and Sons / Walstrum Quarry 

(aerial-based camera) 

Figure 5-23 shows a drone image of a rock slope at Albert Frei and Sons / Walstrum 

Quarry. According to on-site surveying and background information, this rock slope was 

excavated by drilling and blasting methods. In this section, fractures which are caused by 

blasting do not need to be distinguished.  

 

Figure 5-23 Photo of the rock slope in Albert Frei and Sons / Walstrum Quarry (Photo is 

captured by aerial-based camera) 

If the geological structures are identified by physical inspection, only a few geological 

structures can be identified (Figure 5-24). This challenge highlights the necessity of image 

processing and automatic identification, and the new approach can help address the 

shortcomings.  
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Figure 5-24 Preliminary geological structures identification for rock slope in Albert Frei and 

Sons / Walstrum Quarry (raw eyes) 

When compared with rock slope from open pit mine, the rock slope in Figure 5-24 from 

Albert Frei and Sons / Walstrum Quarry shows a relatively better condition. Most of the 

geological structures from the rock slope look very clear. Therefore, it becomes easier to 

process the images, reduce the photo noise and automatically identify the geological structures. 

In this section, the factors which can affect geological structure identification are brightness 

condition and shadow area. The objectives of image processing include making the geological 

structures clearer, reducing the effect of the image processing factors, and reduce the 

misidentification of geological structure. Therefore, in this section, the original image should 

be also processed in several different sequences to improve the result accuracy of the final 

result. Figure 5-25a-c shows the drone photo in three different brightness and contrast 

conditions. 
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 (a)Low brightness High contrast   

 

 (b)Middle brightness High contrast   

 

 (c)Middle brightness High contrast   

Figure 5-25 Drone photo in different brightness and contrast for rock slope in Albert Frei and 

Sons / Walstrum Quarry 

Figure 5-25 a-c shows the procedure to improve the clarity of geological structures and 

reduce the possibility of misidentification. To detect the joints on the image of jointed rock 
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mass, the colored image is first converted to black and white. Then, MATLAB is used to 

automatically identify the geological structures.  Figure 5-27 shows the identified geological 

structures at Albert Frei and Sons / Walstrum Quarry. 

 

  

(a) Low brightness high contrast 

  

 

 
(b) Middle brightness high contrast 

 

Figure 5-26-a Automatic geological structure identification in different processing condition 

by MATLAB for rock slope at Albert Frei and Sons / Walstrum Quarry (a) low brightness 

high contrast (b) middle brightness high contrast(c) high brightness high contrast 
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 (c) High brightness high contrast  

Figure 5-27-b Automatic geological structure identification in different processing condition 

by MATLAB for rock slope at Albert Frei and Sons / Walstrum Quarry (a) low brightness 

high contrast (b) middle brightness high contrast(c) high brightness high contrast 

Similar to the first case, automatic identification result is always affected by the photo’s 

noise, and manual adjustment is necessary to reduce the geological structure misidentification. 

The adjustment helps increase the accuracy of the final result. The results of automatic 

identification are shown in Figure 5-29 a-c. 

 

 (a) Low brightness high contrast  

Figure 5-28-a Geological structures identification in different processing condition of rock 

slope in Albert Frei and Sons / Walstrum Quarry (a) low brightness high contrast (b) middle 

brightness high contrast(c) high brightness high contrast 
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 (b) Middle brightness high contrast  

 
 (c) High brightness high contrast  

Figure 5-29-b Geological structures identification in different processing condition of rock 

slope in Albert Frei and Sons / Walstrum Quarry (a) low brightness high contrast (b) middle 

brightness high contrast(c) high brightness high contrast 

Figure 5-29 a-c shows the final identified geological structures, which combine the 

automatic result and manual result. The next two steps are measuring the slope angle of each 

identified geological structure and dividing these into several groups based on the measured 

slope angle of each geological structure.  

Based on the MATLAB results, the geological structures in the rock slope can be 

divided into two main joint sets. Figure 5-30 a-c shows the grouping of identified geological 
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structures using MATLAB.  

 

 

 (a)  (b)  

 

  (c)   

Figure 5-30 Geological structures group (first joint set) of rock slope in Albert Frei and Sons / 

Walstrum Quarry 

The next step, combining these three results to get a final result. The following figures 

(Figure 5-33 a-c) show the combination of results from Figure 5-30 and Figure 5-31. 
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 (a)  (b)  

 
  (c)   

Figure 5-31 Geological structures group (second joint set) of rock slope in Albert Frei and 

Sons / Walstrum Quarry 

 
  (a) First joint set  

Figure 5-32 Combined identified geological structures of rock slope in Albert Frei and Sons / 

Walstrum Quarry 
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  (b) Second joint set  

Figure 5-33 Combined identified geological structures of rock slope in Albert Frei and Sons / 

Walstrum Quarry 

The next step is to overlay these results on the original photos to get the relative 

locations of each identified geological structure. The relative locations of each joint set are 

shown in Figure 5-35.  

 
 (a)  

Figure 5-34 (a) First joint set (b) Second joint set of the rock slope 
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 (b)  

Figure 5-35 (a) First joint set (b) Second joint set of the rock slope 

Therefore, the combined results from Figure 5-35 a-b are shown on Figure 5-36. In 

Figure 5-36, joints which are from the same joint set shown in the same color. Ultimately, there 

are two main joint sets on this rock slope.  

 

Figure 5-36 Final geological structures identification 

Using the altitude measurement instrument on the drone, the height of the rock slope 

was determined to be 13m. Therefore, the size of the rock slope can be taken as the reference 

object to measure the length of each joint. The lengths of the geological structures on the rock 

slope are shown on Table 5-9. There are 28 joints in total.   
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Table 5-9 Length of the joint on rock slope at Albert Quarry (drone-based camera) 

Joint # Length (m) Joint # Length (m) Joint # Length (m) 

1 6.96 11 6.52 21 8.45 

2 5.19 12 5.61 22 4.64 

3 5.75 13 4.50 23 7.98 

4 7.03 14 2.85 24 3.73 

5 9.63 15 3.56 25 4.64 

6 11.50 16 13.90 26 7.23 

7 11.29 17 2.76 27 16.33 

8 9.12 18 13.26 28 19.98 

9 9.22 19 16.39   

10 8.03 20 13.97   

5.2.3.2 Geological Structure Identification (ground-based camera) 

If the photo, which was captured from the ground-based camera is used, the result will 

become very vague. The following photo shows the same area which was analyzed in section 

5.2.3.1.  

 

Figure 5-37 Rock slope photo of rock slope in Albert Frei and Sons / Walstrum Quarry 

(Captured by ground-based camera) 

The red frame shows the area which was analyzed in the previous section 5.2.3.1. If it 

is extracted from the ground photo, the rock face will be shown on Figure 5-38. 
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Figure 5-38 Zoomed-in area of rock slope in Albert Frei and Sons / Walstrum Quarry 

(Extract from the entire rock slope photo) 

The ground-based photos were also processed by the same approach is used in section 

5.3.2.1, however, there are still few geological structures which can be identified. Figure 5-39 

shows these results. It is clear that there are totally 9 joints can be identified.  

  

Figure 5-39 (a) Processed image of the rock slope (b) Geological structures identification 

(ground-based camera photos) 

When the ground photo result and drone photo result are compared, it is clear that 

only a few geological structures can be identified by the ground photo. The result provides 

evidence to demonstrate that drone photos can be used to identify geological structures which 

cannot be identified by ground-based camera photos. Taking the size of the rock slope as the 

reference, the Table 5-10 shows the length of the identified joints on rock slope which are 

based on the ground-based photo result.  
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Table 5-10 Length of the identified joints on rock slope at albert quarry (ground-based photo) 

 

5.2.4 Influence of Geological Structures on Rock Slopes  

In this section, DIPS 7.0 is employed to analyze the effect of the geological structures 

on the stability of the rock slope. Because the strike angle and dip angle cannot be directly 

measured from the drone-based photo, it is reasonable for us to assume that the dip angle and 

strike angle of joints which are from inaccessible area, are same as the dip angle and strike 

angle of joints from accessible rock slope area.  After on-site surveying the site, the rock slope 

was found to two main joint sets. Table 5-11 shows the average strike angle and dip angle of 

the two joint sets.  

Table 5-11 Average strike angle and dip angle of two joint sets of rock slope in Albert Frei 

and Sons / Walstrum Quarry 

Joint set Average strike angle Average dip angle 

1 155±5 4±5 

2 155±5 80±5 

From Table 5-11, it is clear that the joints from the same set, having a deviation of less 

than 5 degrees. The computer software @risk was then employed to simulate the strike angle 

and dip angle. The final parameters of these 28 joints are shown in Table 5-12. 

  

 

Joint # Apparent length 

(m) 

Joint # Apparent length 

(m) 

1 5.90 6 9.63 

2 13.08 7 8.52 

3 5.27 8 9.27 

4 9.78 9 5.90 

5 9.33   
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Table 5-12 Parameters of the joint in Albert Frei and Sons / Walstrum Quarry 

joint # Strike Dip angle quality traverse set distance length 

1 158.6105 4.302753 1 L1 1 0 6.96 

2 161.5901 0.813593 1 L1 1 1.86 5.19 

3 163.4767 6.911184 1 L1 1 3.59 5.75 

4 157.7064 1.040467 1 L1 1 5.53 7.03 

5 158.829 1.842644 1 L1 1 6.55 9.63 

6 156.5819 5.521555 1 L1 1 8.41 11.5 

7 148.191 6.936276 1 L1 1 9.57 11.29 

8 150.7323 1.320478 1 L1 1 12.43 9.12 

9 152.1983 6.54252 1 L1 1 14.08 9.22 

10 159.9464 1.371358 1 L1 1 14.53 8.03 

11 157.717 10.01787 1 L1 1 15.75 6.52 

12 149.4143 9.746535 1 L1 1 17.9 5.61 

13 155.5591 73.65668 1 L2 2 0 4.5 

14 148.049 79.11533 1 L2 2 0.37 2.85 

15 155.995 77.79729 1 L2 2 0.68 3.56 

16 144.1996 76.74118 1 L2 2 1.82 13.9 

17 148.9948 82.03442 1 L2 2 2.34 2.76 

18 151.6602 76.67138 1 L2 2 3.13 13.26 

19 155.1026 89.1243 1 L2 2 3.46 16.39 

20 148.0548 86.03746 1 L2 2 3.96 13.97 

21 149.7247 81.35854 1 L2 2 4.63 8.45 

22 150.3881 73.57892 1 L2 2 4.88 4.64 

23 149.3233 83.467 1 L2 2 5.22 7.98 

24 155.8859 78.73891 1 L2 2 5.48 3.73 

25 154.1392 80.09915 1 L2 2 5.82 4.64 

26 158.5841 69.457 1 L2 2 6.13 7.23 

27 157.1473 78.76843 1 L2 2 6.97 16.33 

28 150.8236 83.5047 1 L2 2 8.61 19.98 

For the Albert Frei and Sons / Walstrum Quarry just as for the Jin Bao open pit mine, 

DIPS 7.0 was also employed to analyze the effects of the geological structures on the stability 

of the rock slope. Figure 5-40 shows the stereonet plot of the geological structures result of the 
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quarry.  

 

Figure 5-40 Stereonet result of the rock slope in Albert Frei and Sons / Walstrum Quarry 

 

5.3 Example 3: North Table Mountain Park 

5.3.1 Background Information  

North Table Mountain is a mesa of the Front Range of the Rocky Mountains of North 

America. North Table Mountain is underlain by sedimentary rocks of the Denver Formation, 

which spans the interval from latest Cretaceous to early Paleocene time. The Ralston Dike, a 

body of intrusive monzonite located about 2 miles (3.2 km) to the northwest, probably 

represents the volcanic vent from which the flows erupted (Van Horn., 1957). The flows are 

about 62 to 64 million years old according to radiometric dating, which places them in the early 

Paleocene epoch. Generally referred to as basaltic, they are classified either as monzonite (the 

lowest flow) and latite (the upper two flows) (Van Horn, 1957), or as shoshonite (Kile D.E., 

2004). 

 

5.3.2 Rock Mass Evaluation of Rock Slope  

As outlined in two previous case studies, rock mass condition should first be evaluated 

for the rock slope in North Mountain Park. Figure 5-41 shows a rock slope in North Table 

Mountain Park, where the quality of the rock mass is relatively low, compared with the rock 
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mass conditions at Albert Frei and Sons / Walstrum Quarry and at Jin Bao Open Pit Mine.  

 

Figure 5-41 Rock face of Rock Slope in North Table Mountain Park (Captured by aerial-

based camera) 

The North Table Mountain Park rock slope is a 100% natural rock slope. Given the 

good condition of the rock face, the disturbance factor (D) can be assumed to be 0.7. Given 

that this rock slope mainly consists of basalt rock, the UCS for this type of rock typicallt ranges 

from 100MPa to 250MPa. In this study, the UCS is assumed as175MPa. For GSI evaluation, 

the major part of rock slope shows a good quality and wider joint spacing of GSI=45, and the 

rest part should take GSI=40. If the result of the ground-based photos is applied, the GSI of 50 

should be taken in this rock slope. To estimate the mi value, it can be seen from the images that 

the rock mass texture is very smooth therefore, 25 is employed in this study. In order to increase 

the accuracy of the result, the entire rock face is divided into two groups as shown on Figure 

5-42.   
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Figure 5-42 Illustration of grouped window of rock slope in North Table Mountain Park 

(Based on facture density) 

After estimating the rock mass properties, the results can be summarized as shown on 

Table 5-13.  

Table 5-13 Rock mass properties of rock slope in North Table Mountain 

Group Rock Type mi D GSI Friction 

(deg) 

A Basalt 25 0.7 40 25.673 

B Basalt 25 0.8 50 28.774 

 

5.3.3 Identification of Geological Structures of rock slope at North Table Mountain Park 

5.3.3.1 Identification of Geological Structures of rock slope at North Table Mountain 

Park (aerial-based camera) 

Figure 5-43 shows a rock slope at North Table Mountain National Park. According to 

on-site surveying, this rock slope is a natural rock slope. The photo is taken in a low brightness 
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setting, making it difficult to identify the geological structure. Therefore, in this study, in order 

to eliminate the low brightness effect, the image was adjusted to a high brightness condition to 

increase the visibility of the geological structures.  

 

Figure 5-43 Photo of the rock slope in North Table Mountain Park (Photo is captured by 

aerial-based camera) 

If the geological structures are identified by physical inspection, only a few geological 

structures will be identified (Figure 5-44).  

Comparing with the rock slope at Jin Bao open pit mine and at Albert Frei and Sons / 

Walstrum Quarry, the rock slope in Figure 5-44 from North Table Mountain Park shows a 

relatively worse condition. The brightness of this photo is not good and presents a challenge to 

automatically identify the geological structures. Therefore, the brightness should be increased 

to make the geological structures more bisible.  
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Figure 5-44 Geological structures identification of rock slope in North Table Mountain Park 

(raw eyes) 

Therefore, for the rock slope in North Table Mountain Park, the main challenge is the 

poor brightness. Therefore, in this section, the original image only need to be processed in very 

bright condition to increase the result accuracy. Figure 5-45 shows the drone photo in two 

conditions of high brightness and high contrast. 

Figure 5-45 shows an enhanced image showing clearer geological structures and 

reduces the possibility of misidentification. To identify the joints on the image of jointed rock 

mass, the color image is converted to a greyscale. Then, MATLAB code is used to 

automatically identify the geological structures. Figure 5-46 shows the identified geological 

structures of the rock slope at North Table Mountain Park. 
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Figure 5-45 Drone photo of rock slope in North Table Mountain Park in high brightness and 

high contrast condition 

 

Figure 5-46 Automatic geological structure identification by MATLAB code of rock slope in 

North Table Mountain Park 

As discussed previously, automatic identification is always affected by the photo’s 

noise. Therefore, manual adjustment is necessary to reduce the geological structure 

misidentification. Geological structures identification results are shown on Figure 5-47. 
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Figure 5-47 Geological structures identification result of rock slope in North Table Mountain 

National Park 

Figure 5-47 shows the identified geological structures from both the automatic and 

manual processes. The next two steps are measuring the slope angle of each identified 

geological structure and dividing these geological structures into several groups based on the 

measured slope angle of each joint. Based on the MATLAB results, the geological structures 

can be divided into two main joint sets and grouped. Figure 5-48 and Figure 5-49 the identified 

and grouped geological structures.  

Overlying the results (Figure 5-48 and Figure 5-49) on the original photos to get the 

relative locations of each identified geological structures. Ultimately, there are two main joint 

sets on this rock slope.  
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Figure 5-48 First joint set of rock slope in North Table Mountain Park 

 

Figure 5-49 Second joint set of rock slope in North Table Mountain Park 

 

Figure 5-50 Final geological structures identification of rock slope in North Table Mountain 

Park 
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Using the altitude measurement feature on the drone, the height of the rock slope was 

found to be 7m. Therefore, the size of the rock slope can be taken as a reference to measure the 

length of each joint. The lengths of the 28 geological structures on the rock slope are shown on 

Table 5-14.   

Table 5-14 Length of the joint of rock slope in North Table Mountain Park 

Joint # Length (m) Joint # Length (m) Joint # Length (m) 

1 5.49 11 2.07 21 4.17 

2 6.50 12 2.13 22 4.22 

3 3.19 13 1.66 23 4.38 

4 2.13 14 4.36 24 4.20 

5 2.03 15 1.29 25 2.81 

6 2.16 16 2.29 26 2.74 

7 1.63 17 1.37 27 2.87 

8 1.77 18 1.27 28 2.54 

9 4.40 19 4.33   

10 3.64 20 2.53   

5.3.3.2 Identification of the Geological Structure in the Rock Slope at North Table 

Mountain Park (ground-based camera) 

In order to demonstrate the advantage of the drone, a comparative experiment was 

carried out. The following photo shows the same area which was analyzed in previous section 

5.2.1.  

The red frame shows the area which was analyzed in the previous section 5.2.1. If the 

frame is extracted from a ground-based photo, the rock face will be as shown on Figure 5-52. 

Even if these photos are processed by the same approach, there exist lots of photo noise, 

which will affect the geological structure identification. Only a few geological structures can 

be identified. Figure 5-53 shows the identified geological features.   
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Figure 5-51 Rock slope photo of rock slope in North Table Mountain Park 

(Captured by ground-based camera) 

The result provides evidence to show that drone photos can be used to identify 

geological structures which cannot be identified by ground-based camera.  Figure 5-54 shows 

a total of 9 joints which could be identified, the ground-based camera is applied. The number 

of joint which can be identified from ground-based photo, is less than the result from the drone-

based photo.  

 

 

Figure 5-52 Research area of rock slope in North Table Mountain Park 

(Extract from the whole rock slope photo) 
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Figure 5-53 (a) Processed image of the rock slope (b) Geological structures identification of 

rock slope in North Table Mountain Park 

 

 

Figure 5-54 Structures identification result of rock slope at North Table Mountain park with 

ground-based camera 
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If taking the size of the rock slope as the reference, the Table 5-15 shows the length of 

identified joint of rock slope on North Table Mountain Park.  

Table 5-15 Length of identified joint of rock slope on North Table Mountain Park (ground-

based photo) 

 

 

5.3.4 Influence of The Effects of Geological Structures on Rock Slopes conditions in North 

Table Mountain Park 

In this section, DIPS 7.0 is used to analyze the effect of the geological structures on the 

rock slope.  

 Because the strike angle and dip angle cannot be directly obtained from the drone-

based photo, it is reasonable for us to assume that the dip angle and strike angle of joints which 

are from inaccessible area, are same as the dip angle and strike angle of joints from accessible 

rock slope area. After on-site surveys in accessible area of rock slope, this part of the rock slope 

contains two joint sets. Table 5-16 shows the average strike angle and dip angle of these two 

joint sets, which were measured on site. 

Table 5-16 Average strike angle and dip angle of two joint sets of rock slope in North Table 

Mountain Park 

Joint set Average strike angle Average dip angle 

1 145±5 13±5 

2 110±5 76±5 

It is assumed that all joints which are from same joint set, their strike angle and dip 

angle according to a normal statistical distribution. The computer program @risk was used to 

simulate the strike angle and dip angle of each joint. The final parameters of these 28 joints are 

Joint # Apparent length (m) Joint # Apparent length (m) 

1 4.90 6 5.73 

2 4.13 7 3.41 

3 3.09 8 2.99 

4 4.21 9 4.07 

5 5.08   
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shown in Table 5-17.  

Table 5-17 Joint parameters of rock slope in North Table Mountain Park 

joint # Strike Dip angle quality traverse set distance length 

1 158.6105 4.302753 1 L1 1 0 6.96 

2 161.5901 0.813593 1 L1 1 1.86 5.19 

3 163.4767 6.911184 1 L1 1 3.59 5.75 

4 157.7064 1.040467 1 L1 1 5.53 7.03 

5 158.829 1.842644 1 L1 1 6.55 9.63 

6 156.5819 5.521555 1 L1 1 8.41 11.5 

7 148.191 6.936276 1 L1 1 9.57 11.29 

8 150.7323 1.320478 1 L1 1 12.43 9.12 

9 152.1983 6.54252 1 L1 1 14.08 9.22 

10 159.9464 1.371358 1 L1 1 14.53 8.03 

11 157.717 10.01787 1 L1 1 15.75 6.52 

12 149.4143 9.746535 1 L1 1 17.9 5.61 

13 155.5591 73.65668 1 L2 2 0 4.5 

14 148.049 79.11533 1 L2 2 0.37 2.85 

15 155.995 77.79729 1 L2 2 0.68 3.56 

16 144.1996 76.74118 1 L2 2 1.82 13.9 

17 148.9948 82.03442 1 L2 2 2.34 2.76 

18 151.6602 76.67138 1 L2 2 3.13 13.26 

19 155.1026 89.1243 1 L2 2 3.46 16.39 

20 148.0548 86.03746 1 L2 2 3.96 13.97 

21 149.7247 81.35854 1 L2 2 4.63 8.45 

22 150.3881 73.57892 1 L2 2 4.88 4.64 

23 149.3233 83.467 1 L2 2 5.22 7.98 

24 155.8859 78.73891 1 L2 2 5.48 3.73 

25 154.1392 80.09915 1 L2 2 5.82 4.64 

26 158.5841 69.457 1 L2 2 6.13 7.23 

27 157.1473 78.76843 1 L2 2 6.97 16.33 

28 150.8236 83.5047 1 L2 2 8.61 19.98 

DIPS 7.0 was used for North Table Mountain Park to evaluate the effects of the 

geological structures on the rock slope stability. Figure 5-55 shows the stereonets result of 

North Table Mountain Park.  Base on the stereonet result, possibility of different failure modes 

can be approximately evaluated.  
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Figure 5-55 Stereonet result of rock slope in North Table Mountain Park 
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CHAPTER  6  

RESULTS AND DISCUSSION 

6.1 Evaluation of Rock Slope at Jin Bao Open Pit Mine 

Based on the kinematic analysis from DIPS 7.0, Table 6-1 shows the likelihood of 

different slope failure modes at Jin Bao open pit mine. Evaluation of mechanical properties 

which is based on the drone-based photo, is employed to calculate the possibilities of different 

failure modes.  

 

Table 6-1 Possibilities of different failure modes in Jin Bao Open Pit Mine (drone-based 

photo) 

 

However, if result of ground-based photo is applied, the possibilities of different failure 

modes like the Table 6-2 shows.  

Table 6-2 Possibilities of different failure modes in Jin Bao Open Pit Mine (ground-based 

photo) 

 

Compared with these two kinematic analysis result, it is obvious that rock slope always 

shows a better condition, if the result of ground-based photo is applied. The kinematic analysis 

result along is not sufficient for an on-site rock engineer to analyze the rock slope condition. 

Additional information such as joints spacing is another important parameter which should be 

considered to assess the condition of rock mass and comprehensively and DIPS 7.0 can help 

draw estimations of these values. Figure 6-1 a- b show the joint spacing of rock slope in Jin 
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Bao Open Pit Mine.  

From Figure 6-1 a-b, it is clear irrespective of which joint sets are considered, the small 

joint spacings always takes up more than 30%. For the first joint set, the joint spacings which 

are less than 0.13m take up more than 30%, and the second joint set, the joint spacing which 

less than 0.20m take up 50%. 

 

 

  (a) Joint set 1   

 
  (b) Joint set 2   

Figure 6-1 (a) Joint spacing of joint set 1 (b) Joint spacing of joint set 2 of rock slope at Jin 

Bao open pit mine (drone-based photo) 

Based on these findings, it can be deduced that the condition of the rock mass for the 

rock slope is fair. However, the rock slope still requires extra reinforcement to prevent the 

potential wedge failure on an as needed basis.  Additional, more comprehensive geotechnical 

investigations would be required to validate slope reinforcement requirements. 
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6.2 Evaluation of Rock Slope at Albert Frei and Sons / Walstrum Quarry 

Based on the kinematic analysis of rock slope at Albert Frei and Sons / Walstrum 

Quarry, the likelihood of failure of the rock slope at Albert Frei and Sons / Walstrum Quarry 

is shown in Table 6-3 and Table 6-4. From Table 6-3 and Table 6-4, it is clear that this rock 

slope has a high toppling failure potential. However, there are something different between 

Table 6-3 and Table 6-4. The result from the ground-based photo always refer the rock slope 

in a safe condition, the drone-based photos not. When considering the number of the identified 

joints, the result based on the drone-based photos is more accurate. The analysis indicates that 

a slope reinforcement of the rock slope at the quarry would help to prevent the toppling failures, 

based on the result of the drone-based photo. However, a more comprehensive geotechnical 

investigation would be required to obtain slope reinforcement recommendations.  Figure 6-2 

a- b show the joint spacing of the rock slope. 

 

Table 6-3 Possibilities of different failure modes of rock slope at Albert Frei and Sons / 

Walstrum Quarry (drone-based camera) 

 

 

Table 6-4 Possibilities of different failure modes of rock slope at Albert Frei and Sons / 

Walstrum Quarry (ground-based camera) 

 

From Figure 6-2 a-b, it is clear that the Joint Set 2 is an important set which could 

determine the stability of the rock slope. The joint spacings of Joint Set 2 are much smaller 
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than the Joint Set 1, and most joint spacings are less than 10cm. However, if analyzing the rock 

mass condition of the rock slope base on the Figure 6-3 a-b, joint set 1 and joint set 2 always 

shows a relatively better condition. In other words, the results obtained from the ground-based 

photo are limited.          

 
 (a) Joint spacing of joint set 1   

 
 (b) Joint spacing of joint set 2  

Figure 6-2 Joint spacing of two joint sets of rock slope at Albert Frei and Sons / Walstrum 

Quarry (drone-based photo) 
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 (a) Joint spacing of joint set 1   

 

 (b) Joint spacing of joint set 2  

Figure 6-3 Joint spacing of two joint sets of rock slope at Albert Frei and Sons / Walstrum 

Quarry (ground-based photo) 

 

From the joint spacing result, the joint spacing result implies that the rock slope in this 

area is in highly segmented. Based on these observations, it is likely that this rock slope might 

require reinforcement to prevent potential toppling and rock fall accidents. However, a more 

comprehensive geotechnical investigation would be required to validate this preliminary 

observation. 
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6.3 Evaluation of Rock Slope at North Table Mountain Park 

Based on the kinematic analysis of the rock slope at North Table Mountain Park, if the 

joint spacing result of the drone-based photo are applied, Table 6-5 shows the likely failure of 

the rock slope. It shows that the rock slope at North Table Mountain could fail by wedge failure 

and toppling failure modes. However, compared to the likely failure mechanisms interpreted 

from the ground-based photo, the results are different. No potential for wedge failure is 

indicated and there seems to be relatively low potential for toppling failure. All these three 

cases indicate that if the drone-based photos are used, much more information is collected 

leading to a relatively higher chance of obtaining a more accurate result. 

 

Table 6-5 Possibilities of different failure mode of rock slope at North Table Mountain Park 

(drone-based photo) 

 

 

Table 6-6 Possibilities of different failure mode of rock slope at North Table Mountain Park 

(ground-based photo) 

 

The joint spacing of the rock slope which is based on the drone-based photo are shown 

on Figure 6-4 a-b.  
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 (a) Joint spacing of joint set 1   

 

 (b) Joint spacing of joint set 2  

Figure 6-4 Joint spacing of two joint sets of rock slope in North Table Mountain Park (drone-

based photo) 

 

The joint spacing of the rock slope which is based on the drone-based photo are shown 

on Figure 6-5 a-b.  
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 (a) Joint spacing of joint set 1   

 

 (a) Joint spacing of joint set 2  

Figure 6-5 Joint spacing of two joint sets of rock slope in North Table Mountain Park 

(ground-based photo) 

From Figure 6-5 a-b, it is clear that the joint set 1 is an important set to influence the 

rock slope stability. The joint spacing of joint set 1 is much smaller than spacing for the joint 

set 2. In addition, the joint spacings which less than 0.57m take up more than 60%. These 

conditions imply that the face of the rock slope is highly segmented and the rock slope may 

likely experience potential rock fall accidents. It would be advisable to take action to prevent 

potential planner failure and rock failure risks.  However, the analyses presented only serve to 

demonstrate application of the proposed methodology, and not to provide a basis for slope 
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stabilization recommendations. A more comprehensive geotechnical investigation would be 

required to achieve that end.  
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CHAPTER  7  

CONCLUSIONS 

The primary objective of this study was to investigate the feasibility of using drone-

based cameras to evaluate inaccessible rock slope areas, identify the geological structure of the 

rock slope by MATLAB and Image J, and analyze their effects on rock slope stability. The 

factors that were examined were the accessibility of the drone and the effectiveness of the 

automatic structure identification method. It was hypothesized that a drone can access an 

inaccessible area, and using the new proposed automatic structure identification method, could 

reduce occlusion effects (e.g. shadow zone) to help identify most of the joints on a rock slope 

face. In addition, the parameters which were obtained from drone photos and on-site could be 

used to preliminarily evaluate the stability of rock slopes and get a more accurate result than 

the parameters from ground-based photos.  

In this research, unmanned aerial vehicles (UAVs) or drones were used and compared 

to ground-based cameras to acquire images of slope conditions at open pit mines or rock 

quarries. The major advantage of using drones is that they are able to access hazardous zones. 

It was observed that the drone is a better camera carrier option for inaccessible rock slope area 

surveying; it was also observed that for the inaccessible rock slope area, drone-based camera 

can get close to the rock slope surface and take the photo whose pixel density is two times 

higher than a fixed ground-based camera. Theoretically, compared to the ground-based photos 

which can identify the 2~3 cm aperture, the drone-based photos can develop it to 1 cm without 

any blind zone.  

After acquisition of the drone photos in the field, image processing software was used 

to process the original photos (i.e. brightness and contrast adjustment); and to improve the 

clarity of the geological structures including the reduction of occlusion zone effects on structure 

identification. ImageJ software was used to improve the quality of the images. In addition, the 

features in ImageJ were used to make the acquired information from high resolution images 

more relevant, such as the ability to measure properties such as the length of the identified 

geological structures. MATLAB software was used to eliminate photo noise and to 
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automatically identify the structures on the rock slope. Prior to automatic identification of the 

structures in the photo of the rock slope, it is important to convert the color images to grayscale. 

By careful analysis of the data processed in MATLAB, it is possible to extract important 

geological features which can influence the stability of the rock slope. Finally, based on the 

geological structures which are identified, and rock mass properties which are obtained using 

the software Rocdata, DIPS 7.0 software can then be applied to help analyze the effect of the 

geological structures on the rock slope conditions and calculate the possibility of different 

possible failure modes.  

Some key mechanical properties of a rock mass cannot be directly obtained from 

limited on-site surveying. The joint spacing which can be measured from identified joints is 

the only information which can be directly obtained; features in software such as RocData can 

provide a means to systematically infer approximations of a preliminary rock mass properties 

database. The information can be valuable to provide an initial evaluation of the mechanical 

properties of the rock mass. Compared to the drone-based photos, ground-based camera has 

some limitations and will affect the accuracy of result. First, because of occlusion zone effects 

and limitations in direction of capture, ground-based photos may have some blind zones which 

will lead to some structure misidentifications. In addition, distal, low pixel-density photos show 

a significant challenge for processing the images and automatically identifying the structures 

on the rock slope. In first case study (Jin Bao open pit mine), the pixel-density of ground-based 

photo is less than 20% of the drone photo. After image processing, the ground-based photo 

generates a significant amount of noise which affects the accuracy of the automatic structure 

identification process. Finally, a small number of identified structures will lead to incorrect 

joint spacing measurements and misinterpretations of GSI values. When estimating the 

possibilities of different failure modes of a rock slope, a higher, miscalculated GSI value will 

cause an inaccurate result. A new surveying approach has been proposed for identifying the 

geological structure of the rock slope and evaluating the rock slope condition using a drone. 

Conventional surveying methods can also be used to identify the geological structures when 

field conditions are safe, or when only a small location on the rock face is surveyed. A drone 
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on the other hand can be utilized to acquire photographs of the rock slope, when the target area 

is too dangerous to access. Image processing software in conjunction with suitable algorithms 

programmed in MATLAB can then be used to automatically identify the geological structures 

from drone photos for slope stability analyses.   
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CHAPTER  8  

FUTURE WORK 

The drone-based photogrammetry technique and methodology discussed herein can 

help accurately identify the geological structures of the rock slope. However, the method still 

has some drawbacks and additional work is required to extend its applications to geotechnical 

engineers ate mine sites.  The primary issues are as follows: 

When compared with surveys utilizing ground-based cameras, aerial photogrammetry 

techniques are still not yet mature. When images are captured, the drone always needs multiple 

photographs and selects the best ones to conduct the following work with. Therefore, additional 

research should be conducted with regard to the issue to determine the feasibility of extracting 

useful information about the rock mass from low-resolution images. Second, the current 

photogrammetry technique only can be applied to analyze the geological features at the surface 

of the rock slope surface. In practice, however, 3D information about the geological structures 

and fabric from the subsurface is important and should be included in any slope stability 

analyses. Additional field cases can be collected to create a database to preliminarily 

characterize geological and geotechnical parameters. Third, the current photogrammetry 

technique is a 2D surveying method which identifies the geological structures by recognition 

of distinct apertures. For most geological structures, this method can be reasonably applied. 

However, in certain cases, it is impossible to distinguish certain types of structures by 

photogrammetry alone, for instance, distinguishing natural joints and blast-caused joints. In 

this case, more comprehensive on-site surveying would be required and recommended for 

validation or confirmation. Therefore, in future studies, photogrammetry techniques should be 

improved to not only identify geological structures based on features such as apertures alone. 

A database can then be built to include the detailed characteristics of geotechnical of geological 

features.  

Fourthly, photogrammetry cannot directly measure the dip angle and dip direction of 

the rock slope without the availability of additional information or ground surveys. Currently, 

in this study, the identified geological structures are only grouped by their gradient, which is 
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not accurate. In reality, even when the geological structures are parallel to each other, it is still 

possible that they may not belong to the same joint set. Therefore, further research should be 

conducted to develop new methods and techniques which can discriminate group of joint-set 

families through   photogrammetry. Finally, the drone technology is new and still needs a lot 

more work to be useful in rock slope stability analysis. Compared to the ground-based camera, 

it still needs to be developed further. For the photogrammetry technique, it is important to take 

a high-resolution photograph, which can only be taken during stable flights paths. However, it 

is difficult for a drone to hover steadily for a long period of time. In future studies, drone flight 

patterns, image acquisition and image processing techniques can be systematically integrated 

to minimize drone stability effects on resolution.   
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APPENDIX 

A: MATLAB Code for Automatic Geological Structures Identification 

title('Iy') Irgb = imread('peppers.png'); 

Igray = 0.2989*Irgb(:,:,1)+0.5870*Irgb(:,:,2)+0.1140*Irgb(:,:,3); 

 

figure 

image(Igray,'CDataMapping','scaled'); 

colormap('gray') 

title('Input Image in Grayscale') 

I = double(Igray); 

classType = class(Igray);                  

scalingFactor = double(intmax(classType));   

I = I/scalingFactor; 

Gx = [-1 1]; 

Gy = Gx'; 

Ix = conv2(I,Gx,'same'); 

Iy = conv2(I,Gy,'same'); 

 

figure 

image(Ix,'CDataMapping','scaled') 

colormap('gray') 
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title('Ix') 

figure 

image(Iy,'CDataMapping','scaled') 

colormap('gray') 

 

edgeFIS = newfis('edgeDetection'); 

edgeFIS = addvar(edgeFIS,'input','Ix',[-1 1]); 

edgeFIS = addvar(edgeFIS,'input','Iy',[-1 1]); 

sx = 0.1; 

sy = 0.1; 

edgeFIS = addmf(edgeFIS,'input',1,'zero','gaussmf',[sx 0]); 

edgeFIS = addmf(edgeFIS,'input',2,'zero','gaussmf',[sy 0]); 

edgeFIS = addvar(edgeFIS,'output','Iout',[0 1]); 

wa = 0.1; 

wb = 1; 

wc = 1; 

ba = 0; 

bb = 0; 

bc = 0.7; 

edgeFIS = addmf(edgeFIS,'output',1,'white','trimf',[wa wb wc]); 

edgeFIS = addmf(edgeFIS,'output',1,'black','trimf',[ba bb bc]); 

figure 

subplot(2,2,1) 

plotmf(edgeFIS,'input',1) 

title('Ix') 

subplot(2,2,2) 

plotmf(edgeFIS,'input',2) 

title('Iy') 
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subplot(2,2,[3 4]) 

plotmf(edgeFIS,'output',1) 

title('Iout') 

r1 = 'If Ix is zero and Iy is zero then Iout is white'; 

r2 = 'If Ix is not zero or Iy is not zero then Iout is black'; 

r = char(r1,r2); 

edgeFIS = parsrule(edgeFIS,r); 

showrule(edgeFIS) 

Ieval = zeros(size(I)); 

for ii = 1:size(I,1) 

    Ieval(ii,:) = evalfis([(Ix(ii,:));(Iy(ii,:));]',edgeFIS); 

end 

figure 

image(I,'CDataMapping','scaled') 

colormap('gray') 

title('Original Grayscale Image') 

figure 

image(Ieval,'CDataMapping','scaled') 

colormap('gray') 

title('Edge Detection Using Fuzzy Logic') 

 

B: MATLAB Code for Slope Angle Measurement 

% clc 

% clear all; 

% close all; 

%  

%  

% [X,t,W,u]=chirptransformplus(2,[0.1 2 -2],30,30,512); 



108 

 

% % [X,t,W,u,P]=chirptransformplus_v04(2,[0.1 2 -2],30,30,512,'olctslot',0,0,-54.46); 

% %[X,t,W2,u,P]=chirptransformplus_v04(2,[1/10 2 -2],30,30,3000,'olctslot',0,0,0);% 

chirp 3 

%  

% figure 

% clims = [ 1 81 ]; 

% imagesc(t,u,leveladjustment(W)) 

% currentMap = colormap; 

% newMap = [1 1 1; currentMap]; 

% colormap(newMap) 

% %grid on 

% set(gca,'YDir','normal') 

% %colorbar 

% %title('Time-frequency multiplexing of input chirp'); 

% xlabel('Time') 

% ylabel('Frequency') 

% %nnz(dd(1:378,193:287)) 

% % xdata = (0:.1:10)';  

% % ydata = 40 * exp(-.5 * xdata) + randn(size(xdata)); 

% A1=2;p=0.1;q=2;r=-2; 

%  

% xdata=t; 

% % a1=p+1i*r; 

% % b1=2*p*q; 

% % c1=p*q^2; 

% ydata=exp(-(p*(xdata+q).^2+1i*r*xdata.^2)); 

% % ydata=A*exp(-lambda*t); 

% [estimates] = fitcurvedemo(xdata,ydata) 
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%  

% ydata=exp(-(estimates*(xdata+q).^2+1i*r*xdata.^2)); 

%  

% ydata1=A1*ydata; 

%  

% [estimates, model] = fitcurvedemo1(ydata1,ydata) 

 

 

clc;    % Clear the command window. 

close all;  % Close all figures (except those of imtool.) 

imtool close all;  % Close all imtool figures. 

clear;  % Erase all existing variables. 

workspace;  % Make sure the workspace panel is showing. 

format longg; 

format compact; 

fontSize = 20; 

 

%===========================================================

==================== 

% Read in a Vrinda's gray scale demo image. 

folder = 'C:\Users\Tejal\Desktop'; 

baseFileName = 'abc.jpg'; 

% Get the full filename, with path prepended. 

fullFileName = fullfile(folder, baseFileName); 

% Check if file exists. 

if ~exist(fullFileName, 'file') 

 % File doesn't exist -- didn't find it there.  Check the search path for it. 

 fullFileNameOnSearchPath = baseFileName; % No path this time. 



110 

 

 if ~exist(fullFileNameOnSearchPath, 'file') 

  % Still didn't find it.  Alert user. 

  errorMessage = sprintf('Error: %s does not exist in the search path 

folders.', fullFileName); 

  uiwait(warndlg(errorMessage)); 

  return; 

 end 

end 

grayImage = imread(fullFileName); 

% Get the dimensions of the image.   

% numberOfColorBands should be = 1. 

[rows, columns, numberOfColorBands] = size(grayImage); 

if numberOfColorBands > 1 

 % It's not really gray scale like expected - it's color. 

 % Convert it to gray scale by taking only the green channel. 

 grayImage = grayImage(:, :, 2); % Take green channel. 

end 

% Display the original gray scale image. 

subplot(2, 2, 1); 

imshow(grayImage, []); 

title('Original Grayscale Image', 'FontSize', fontSize); 

% Enlarge figure to full screen. 

set(gcf, 'Units', 'Normalized', 'OuterPosition', [0 0 1 1]); 

% Give a name to the title bar. 

set(gcf, 'Name', 'Demo by ImageAnalyst', 'NumberTitle', 'Off')  

 

% Binarize to get rid of horrible jpeg noise 

binaryImage = grayImage < 100; 
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% Display the original gray scale image. 

subplot(2, 2, 2); 

imshow(binaryImage, []); 

 

title('Binary Image', 'FontSize', fontSize); 

axis on; 

 

% Get the rows (y) and columns (x). 

[rows, columns] = find(binaryImage); 

 

% % Fit a cubic 

% coefficients = polyfit(columns, rows, 3); % Gets coefficients of the formula. 

% % Fit a curve to 500 points in the range that x has. 

% fittedX = linspace(min(columns), max(columns), 500); 

% % Now get the y values. 

% fittedY = polyval(coefficients, fittedX); 

% % Plot the fitting: 

% subplot(2,2,3); 

% plot(fittedX, fittedY, 'b-', 'linewidth', 4); 

% grid on; 

% xlabel('X', 'FontSize', fontSize); 

% ylabel('Y', 'FontSize', fontSize); 

% % Overlay the original points in red. 

% hold on; 

% plot(columns, rows, 'r+', 'LineWidth', 2, 'MarkerSize', 10); 
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x=rows'; 

y=columns'; 

 

n=numel(x); 

M=[n, sum(y);sum(y),sum(y.^2)]; 

bm=inv(M)*[sum(x);sum(y.*x)] 

 

x1=bm(2)*y+bm(1); 

subplot(2, 2, 3); 

 

plot(y,x1) 

set(gca,'Ydir','reverse') 

axis([0,400,0,400]) 

grid on 

 

C: MATLAB Code for Geological Structure Classification 

I = imread('bottom j 2 mark.jpg'); 

figure; 

imshow (I); 

cform = makecform('srgb2lab');  

I1 = applycform(I,cform);  

ab = double(I1(:,:,2:3)); 

nrows = size(ab,1); 

ncols = size(ab,2); 

ab = reshape(ab,nrows*ncols,2);  

nColors = 4; 

[cluster_idx, cluster_center] = kmeans(ab,nColors,'distance','sqEuclidean', .  

'Replicates',4);  
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pixel_labels = reshape(cluster_idx,nrows,ncols); 

imshow(pixel_labels,[]), title('image labeled by cluster index'); 

segmented_images = cell(1,3); 

rgb_label = repmat(pixel_labels,[1 1 3]);  

for k = 1:nColors                          

    color = I1; 

    color(rgb_label ~= k) = 0; 

    segmented_images{k} = color; 

end 

figure; imshow(segmented_images{1}), title('objects in cluster 1'); 

figure; imshow(segmented_images{2}), title('objects in cluster 2'); % IA microcracks 

binaryR = segmented_images{2}(:, :, 1) == 255; 

binaryG = segmented_images{2}(:, :, 2) == 201; 

binaryB = segmented_images{2}(:, :, 3) == 14; 

binaryImage = binaryR and binaryG and binaryB; 

pixelCount1 = sum(binaryImage(:));                                  % total pixel count for IE 

cracks including scale bar  

%[I3, rect] = imcrop(segmented_images{2}); 

I2 = imcrop(segmented_images{2},[[[481.5 928.5 487 15]]]); 

figure; imshow(I2); 

binaryR = I2(:, :, 1) == 255; 

binaryG = I2(:, :, 2) == 201; 

binaryB = I2(:, :, 3) == 14; 

binaryImage = binaryR and binaryG and binaryB; 

pixelCount2 = sum(binaryImage(:));  

 

figure; imshow(segmented_images{3}), title('objects in cluster 3'); % TG microcracks 

binaryR = segmented_images{3}(:, :, 1) == 237; 
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binaryG = segmented_images{3}(:, :, 2) == 28; 

binaryB = segmented_images{3}(:, :, 3) == 36; 

binaryImage = binaryR and binaryG and binaryB; 

pixelCount3 = sum(binaryImage(:));  

%[I3, rect] = imcrop(segmented_images{3}); 

I3 = imcrop(segmented_images{3},[[[477.5 907.5 505 36]]]); 

figure; imshow(I3); 

binaryR = I3(:, :, 1) == 237; 

binaryG = I3(:, :, 2) == 28; 

binaryB = I3(:, :, 3) == 36; 

binaryImage = binaryR and binaryG and binaryB; 

pixelCount4 = sum(binaryImage(:));                                  % total pixel count of scale 

bar alone  

 

figure; imshow(segmented_images{4}), title('objects in cluster 4'); % IE microcracks 

binaryR = segmented_images{4}(:, :, 1) == 34; 

binaryG = segmented_images{4}(:, :, 2) == 177; 

binaryB = segmented_images{4}(:, :, 3) == 76; 

binaryImage = binaryR and binaryG and binaryB; 

pixelCount5 = sum(binaryImage(:));  

%[I4, rect] = imcrop(segmented_images{4}); 

I4 = imcrop(segmented_images{4},[[[475.5 897.5 502 34]]]); 

figure; imshow(I4); 

binaryR = I4(:, :, 1) == 34; 

binaryG = I4(:, :, 2) == 177; 

binaryB = I4(:, :, 3) == 76; 

binaryImage = binaryR and binaryG and binaryB; 

pixelCount6 = sum(binaryImage(:));  % total pixel count of scale bar alone 
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%% end %% 

 

 

 


