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ABSTRACT: Chile hosts one of the world's largest mining sectors, encompassing a wide range of geological resources, including 

significant copper mining operations. Geological mapping generates an extensive volume of data in various formats, requiring consid-
erable time investment for data standardization. We have developed an innovative geotechnical software that presents a distinct ap-
proach to underground and open pit mining data analysis and processing, streamlining the transcription of substantial data volumes. 
Engineered by a multidisciplinary team with a focus on algorithmic efficiency, reliability and robustness, this software utilizes georef-
erenced data directly obtained from digitized underground mine drawings, being an alternative to AI techniques. Successfully tested in 
Chile across four mines, GEOREC provides significant time savings and prevents human-induced errors by automating various pro-
cesses, managing to extract hundreds of joints and faults within seconds, providing visualization tools and reports of such data. This 
adaptable and user-friendly tool can be used through a platform, allowing users to analyze and process mining data online, digitizing 

historical drawings and making data available as an input for other software. 
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1 INTRODUCTION. 

Chile's mining production reaches figures of over 5300 kilotons of 
fine copper content, positioning the country as a key producer in 
the global mining scenario. The current challenge in the mining 
industry resides in competitiveness and sustainability (Bartos, 
2007; SERNAGEOMIN, 2022). Small and medium-scale mining 
is important for the development of the mining industry in Chile, 
especially in copper exploitation. This part of Chilean’s mining ac-
counted for more than 265 kilotons in 2021, translating into figures 
exceeding 2.8 billion dollars (COCHILCO, 2022). It is in this seg-
ment where, thanks to its flexibility, there is room to address prob-
lems through innovation, allowing for the piloting, testing, and val-
idation of technologies; that require research and development 
(R&D). 

Mining industry plays a primary role in training experts and de-
veloping new technologies; however, its focus is not on R&D, and 
it is still distant from that of the high-tech industry. Innovation is 
crucial in facing more complex exploitation scenarios and aligning 
with process improvement in mining. Process efficiency and cost 
reduction have been the prevailing trends in recent decades. This 
is where Knowledge Intensive Business Services (KIBS) compa-
nies play a fundamental role in advancing solutions. The main ob-
jective of these companies is to meet the needs of the international 
market in line with the task of improving processes, integrating and 
adding value to knowledge. (Bartos, 2007; Sanchez & Hertlieb, 
2020; Urzúa et al., 2013).  

Digital transformation (DT) resonates throughout the mining in-
dustry due to the sustained increase in demand for metals. Current 
trends indicate that Industry 4.0 is moving towards automation and 
remote operations, the Internet of Things (IoT), and the use of ar-
tificial intelligence (AI), digital twin simulation, among other tech-
nologies (Barnewold & Lottermoser, 2020; Sanchez & Hertlieb, 
2020). In the efforts to keep pace with digital transformation as a 

present reality, it is necessary to progress in the digitization of ge-
ological information from the source. This requires a collective ef-
fort to seek relevant improvements from various fronts, integrating 
interdisciplinary and transdisciplinary tools, from undergraduate 
and postgraduate to advanced and applied research. 

Within the capabilities of small and medium-scale mining, the 
use of software for both geological and geotechnical resources is 
notable and widely known in the mining industry. In the last two 
decades, medium-scale mining has digitized a significant part of its 
processes, among them the mapping of geological structures. 
Among several tools, the use of georeferenced data in GIS and 
CAD formats stands out, along with other geological and mining 
modeling software to create detailed 3D models of mineral depos-
its and underground structures, which are dominant in the market. 
Geological-geotechnical mapping has been adapting to the type of 
input required by these types of software. Therefore, systematizing 
data is crucial for developing robust models that enable a better 
understanding of mining operations despite limitations in field-
work. This includes information from the past that is not neces-
sarily digitized. 

Particularly in underground operations of small and medium-
scale mining, there is a shortage of digital tools that streamline ge-
ological mapping; it is common for the initial approach to excava-
tion geology to be carried out with paper and pencil in the field. 
The collection of structural data is done in written form on plans 
with underground cartography, or an approximation of this, which 
is later digitized using software that best suits the working team. 
This method of gathering information from each tunnel and mine 
access leads to having extensive databases that do not have an iden-
tical and precise drawing format given their transfer from paper to 
computer. However, they are created following international stand-
ard drawing patterns. Extracting important information from these 
databases becomes complex when done manually into a tabulated 
format such as .csv or .xls, as it can take several minutes or even 
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hours before conducting more detailed analyses through special-
ized software for the mining industry. 

This manuscript focuses on the development of new techniques 
that enable the recognition and post-processing of geological-ge-
otechnical information and its extraction from drawing formats and 
vectorial data such as CAD, allowing its availability in a user-man-
ageable database compatible with other software’s formats. 

2 MATERIAL AND METHODS 

2.1 Input data 

2.1.1   Underground cartography 

For each tunnel section to be mapped, the topography used is pre-
viously known and is brought on paper to the mapping site. Tun-
nels and accesses are represented by lines, polylines, and polygons 
throughout each level of the underground operation. The quantity 
of topographic data depends on the method of topographic infor-
mation gathering. 

This georeferenced data is arranged in 3D lines and polylines 
that construct both the walls and the floor and ceiling of the tunnel. 
The amount of available data varies based on the field-mapped and 
CAD-digitized information, ranging from a complete lack of 
georeferenced data to having thousands of three-dimensional data 
points for certain meters of the tunnel. In Figure 1, an example of 
a tunnel section with mapped geological structures is observed. 
The lines defining the tunnel were assigned arbitrarily and solely 
as an example. 

2.1.2   Geological data  

The drawing format adheres to the standard established by the U.S. 
Geological Survey (FGDC, 2006); however, these drawings are ex-
ecuted based on the individual criteria of the person digitizing the 
field-mapped data and therefore are not exactly the same. The size 
of each symbol varies depending on how each geological structure 
is arranged in the tunnel and the scale of the drawing; nevertheless, 
their azimuth and dip are easily identifiable. The graphical repre-
sentation of geological-geotechnical mapping lacks exact dimen-
sions or replicated locations. In Figure 1, a simple example of ge-
ological mapping in a tunnel section is observed, where fracture 
frequency is represented within circles, while thickness is depicted 
within rectangles. 

All these data do not account for their elevation-depth position-
ing or may contain imprecision in the data due to manual and gen-
eralized assignment for large tunnel segments due to the complex-
ity of positioning each mapped structure three-dimensionally in the 
context of small and medium-scale mining. Additionally, it is pos-
sible to find extra information on joints and structures of greater 
interest, such as their fracture frequency and thickness. 

2.2 Data Extraction  

Joint sets and faults are represented in drawings by three abstract 
objects: line segments, circles and texts. These are differentiated 
through line colors, thickness and length. Basic information about 
joint sets and faults, such as polyline coordinates, width and color, 
texts insertion points, color and content, circles radii, color and 
center, and hatches coordinates and filling color, are extracted from 

drawings. In general terms, Figure 2 shows a referential diagram 
of the entire process in question. In the case of CAD drawings, data 
is extracted through AutoLISP scripts that return objects in a plain 
text file. 

2.3 Data Recognition 

Once a plain text file containing extracted structure information is 
generated, objects are reassembled. For instance, following the 
drawing standard outlined in 2.1.1 (Figure 1), a joint is depicted 
using two parallel line segments, each with varying width, which 
can be utilized as a parameter for recognition.  

  

Figure 1. An example of a tunnel mapping and its drawing as a mid-level, 

which includes joints, a bedding plane (both in black), faults (blue), and a 
dike (green). Tunnel section was adapted from the design by macrovector 

- Freepik. 

 

Figure 2.  Data is first prepared in a format that makes it easy to read in 
Python. This input is then processed by the core algorithm so that structures 

are re-glued together. Finally, tables with the automatized computations are 

returned. 
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An orthogonal distance between the thick line and the narrow line, 
as well as the angle formed between them, uniquely determine joint 
sets. Their fracture frequencies are usually depicted by circles that 
contain numbers. Distances between texts’ insertion points and cir-
cles’ centers uniquely determine fracture frequencies, and the min-
imum distance between circles’ centers and joint sets endpoints al-
low us to associate fracture frequencies to their joint sets. Dips, 
whose magnitudes are depicted by texts, are associated to their 
joint sets considering the distance between their insertion points 
and the joint’s thick line segment. Another important data recogni-
tion feature is the assignation of structures’ altitudes. This is done 
by projecting structures and tunnels’ three-dimensional measure-
ments onto the xy-cartesian plane and by using proximity func-
tions.  

2.4 Data Processing  

Recognized and re-glued structural data that was obtained using 
the procedures described in 2.3 is now ready to process. Some cal-
culations, which are quite tedious to do by hand, are possible to do 
using computational tools such as Python (Van Rossum & Drake, 
2009). For each joint and fracture and considering all possible 
cases regarding the right-hand rule (Marjoribanks, 2010), azimuth 
and dip direction (dipdir) are computed. Elevation information, 
which is of great interest, was already assigned in 2.3. Having ac-
cess to structures’ information such as dip and elevation gives rise 
to two applications that we detail next. 

2.4.1   Trend and plunge  

The orientation of each tunnel is determined by the direction of the 
vector generated from two points in the drawing, which define the 
endpoints of each tunnel (start and end of the section). With the 
association from the underground cartography using a distance 
norm and since these points are tridimensional, it is possible to 
compute both trend and plunge of each structure that belongs to the 
selected tunnel. If the selected line segment that defines a portion 
of a tunnel has direction vector 𝑣𝑣 = (Δx,Δy,Δz), then its trend 𝛼𝛼𝑡𝑡 
is given by the formula: 

             𝛼𝛼𝑡𝑡 = atan2(∆𝑥𝑥,∆𝑦𝑦)                (1) 

where 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎2(𝑦𝑦,𝑥𝑥) yields the angle measure, in radians, between 

the x-axis and the ray from the origin to the point (𝑥𝑥,𝑦𝑦). Since the 
plunge is the angle between said ray and the y-axis, arguments of 

the 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎2 function are swapped. The plunge 𝛽𝛽𝑡𝑡 is given by: 

         𝛽𝛽𝑡𝑡 = atan2(∆𝑧𝑧,�∆𝑥𝑥2 + ∆𝑦𝑦2)            (2) 

2.4.2   Terzaghi Weighting 

The Terzaghi Weighting was proposed by Ruth Terzaghi (1965) to 
correct a directional bias generated by samplings fractures, linear 
or planar, for data collected from rock surfaces or scanlines. This 
factor was implemented by following the formula:  

                 𝑊𝑊 =  
1sin(𝛿𝛿)

                     (3) 

 

where W is the weighting factor and δ is the angle between the 
discontinuity and the uplift direction. This geometric weighting 
tends to infinity as δ approaches zero, so a limit of 10° is stablished 
for the angles (Priest, 1993; Wang & Mauldon, 2006), that is: 

         𝑊𝑊 =  
1sin(𝛿𝛿∗)

 ,   where  𝛿𝛿∗ = 𝑚𝑚𝑎𝑎𝑥𝑥 �𝛿𝛿,
𝜋𝜋18�  (4) 

and the angle δ is calculated as proposed by: 

cos(𝛿𝛿) = |cos(𝛼𝛼𝑛𝑛 −𝛼𝛼𝑠𝑠) cos(𝛽𝛽𝑛𝑛) cos(𝛽𝛽𝑠𝑠) + sin(𝛽𝛽𝑛𝑛)sin(𝛽𝛽𝑠𝑠)| (5) 

where αs is the trend of the selected tunnel and βs its plunge, and 
for a given discontinuity, αn and βn are, respectively, the trend and 
plunge of a line that is normal to the mapped plane, which are ob-
tained as follows: 

                   𝛼𝛼𝑛𝑛 = 𝛼𝛼𝑑𝑑 ± 180      (6) 

                   𝛽𝛽𝑛𝑛 = 90− 𝛽𝛽𝑑𝑑           (7) 

where αd is the dip direction and βn is the dip of the discontinuity. 

In formula (5), addition or subtraction of 180 must be chosen so 

that 𝛼𝛼𝑛𝑛 lies between 0 and 360 degrees. 

2.5 Outputs  

Recognized and re-glued structural data that was obtained using 
the procedures described in sections 2.2, 2.3 and 2.4 is prepared at 
this point to be outputted in different ways, such as Excel tables 
that include the automatized calculations, database tables that are 
connected through a web access platform, and interactive graphs 
that allows the user to interpret specific information about discon-
tinuities in an easier way. Additionally, it allows the user to obtain 
descriptive statistics in PDF format, as well as plots of pole density 
and rose diagrams for each tunnel, considering trend, plunge, and 
Terzaghi Weighting computations as described in sections 2.4.1 
and 2.4.2. Furthermore, these plots are available in grid format 
such as CAD or GIS to display georeferenced structural data. 

2.6 Limits of applicability 

To achieve high accuracy rates using our software, some consider-
ations regarding the drawing and the input must be taken. The pre-
ferred method for categorizing objects drew in a software is to filter 
them by layer name. Otherwise, alternative filters must be used, 
such as filtering by line color, width, length, type, etc. 

Inputs for algorithms used to re-glue objects together are para-
metric. This means that to recognize all desired objects we need to 
give good parameters as input to the program. For example, the 
average distance between a joint set endpoint and the text that is 
associated to its fracture frequency is a parameter of interest which 
can be found by examining the drawing and giving a rough esti-
mate. This allows the program to be optimal. If said parameters are 
not provided, past uses of the software on dozens of drawing files 
give default input parameters. 
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2.7 Testing methods 

To test algorithms, we run experiments on a desktop computer run-
ning Windows with an Intel Core i7-12700F processor at 2.10 GHz 
using 32 GB of RAM. 

Data from the CAD drawing used for experiments was extracted 
using AutoLISP scripts. Drawings and diagrams of this work were 
made using Python 3.11.2 and Numpy 1.24.2. For visualization of 
tabulated data, we used Matplotlib 3.7.0 and Microsoft Excel 2023. 
Data tabulation as figures for this work were created using LaTeX 
language. 

Two experiments were performed, the first one shows the Excel 
and image output of an CAD drawing of Figure 1, showing how 
accurate the object recognition algorithm is. The second experi-
ment regards algorithm efficiency and will show how long the soft-
ware takes in processing objects with respect to the amount of input 
objects. 

To apply the method to a case study, we considered data from 
mining tunnel drawings sourced from Candelaria Cooper Mining 
Complex by Lundin Mining. Among these drawings, the number 
of joints and faults was manually counted, and then the information 
from each structure was extracted using GEOREC to evaluate the 
efficiency of the algorithm in recognizing geological-geotechnical 
information. 

3 RESULTS 

3.1 Method validation 

For testing the algorithm, we represent the scan depicted in Figure 
1 in a drawing software. A script that exports information about 
structures in a plain text file is run. This information includes line 
coordinates, insertion points for texts and circles, color, among oth-
ers. A portion of this input file is shown below. 

 
Figure 3. Plain text file containing basic structure information. 

Our software reads the input file and performs a series of things 
to it, being the most relevant the following: 

• It reads the file and organizes their objects between lines, 
circles, texts and hatches.  

• Duplicate objects are removed and a single copy of each is 
kept. 

• Scripts for recognizing objects are run and objects are re-
glued together. Computations for finding objects’ eleva-
tion are performed. 

• Recognized objects are prepared to be exported in different 
formats such as SVG for drawings and Excel for infor-
mation summaries. 

Figure 4 shows the SVG output generated by GEOREC. Com-
paring this Figure with Figure 1, we see that all objects and their 
attributes coincide. Furthermore, green texts in Figure 4 show a 
correspondence between objects and attributes. Sometimes, for 
joint sets, the intersection between the line that characterizes each 
of them and the tunnel gallery (if any) is of interest, as a joint lying 
outside a tunnel has no physical sense. This intersection is repre-
sented by a red point. 

 
Figure 4. SVG output of GEOREC. Red texts correspond to object indices 

and red points to line segments intersections (if any). 

Excel outputs summarizing the information obtained are pro-
vided by GEOREC. In the case of faults, indices, endpoints, dip, 
azimuth, dip direction, thickness and elevation are included in the 
spreadsheet. This is shown in Figure 5.  

 
Figure 5. Excel output with information about faults obtained from the 

drawing shown in Figure 1, including computed azimuth, dip direction, and 

elevation. 
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Figure 6. Excel output with information about joint sets obtained from the drawing showed in Figure 1, and computed azimuth, dip direction, and elevation, 

as well as the point (𝑥𝑥𝑐𝑐 ,𝑦𝑦𝑐𝑐) showed in red in Figure 4 at which, if true, the line representing the joint set intersects the gallery.

For joint sets, apart from segment endpoints, the point (𝑥𝑥𝑐𝑐 ,𝑦𝑦𝑐𝑐) 
at which the line intersects the tunnel gallery, and that is repre-
sented by red points in Figure 4 is provided. If no intersection is 
found, then the base line barycenter is given instead. Other infor-
mation such as dip, azimuth, dip direction, fracture frequency and 
elevation are also given. Figure 6 shows an Excel output sheet for 
joint set.  Bedding planes or joint sets that have nearly zero dip 
are classified in a different category. In this case, and following 
Figure 4, there is only one such joint set as bedding-plane. The bar-
ycenter, fracture frequency and elevation are of interest, as shown 
in Figure 7. 

 

Figure 7. Excel output with information about horizontal joint sets obtained 

from the drawing shown in Figure 1 and plotted in Figure 4, and computed 

elevation. 

In the case of dikes, we see from Figure 4 that there are three 
green hatches separated by two faults. These represent dikes. How-
ever, it is common to find in drawings that each hatch is a union of 
smaller hatches. Sometimes, faults are associated to dikes as well. 
Figure 8 shows information about the dikes in Figure 4. In this case 
the point (𝑥𝑥𝑏𝑏 ,𝑦𝑦𝑏𝑏) corresponds to the barycenter of each sub-dike, 
and the dip and thickness (whenever there is a fault associated to a 
hatch) and elevation are given. 

   

Figure 8. Excel output with information about dikes obtained from the 
drawing showed in Figure 1 and plotted in Figure 4, and computed eleva-

tion. 

In an operational environment, GEOREC can be integrated into 
a web platform, and a database can be established to store data 

originating from a variety of drawings. This stored data can be ac-
cessed at any time to generate reports and quantify variables. For 
instance, Trend and Plunge, as detailed in Section 2.4.1, can be uti-
lized to produce structural information reports. Similarly, Terzaghi 
weighting, outlined in Section 2.4.2, can be employed to generate 
a report containing rose diagram and pole diagrams plots. 

Saved data can be seen in a plot and can also be filtered out for 
an easier reading of information. Additionally, a history of data en-
tries at different elevations and mines can be obtained, as well as 
users who have previously entered data. 

3.2 Algorithmic complexity 

In this section, we test running times of GEOREC. To do so, we 
replicate the drawing in Figure 1 many times. We start with the 
original drawing containing 22 objects (8 joint sets, 12 polygons 
constructing a segmented dike in 3 parts, and 4 faults), along with 
a set of elevation point measures, and duplicate it in the following 
way: The second drawing contains twice the number of elements 
from the original drawing, the third contains 4 times the number of 
elements from the original drawing, and the n-th contains 2𝑛𝑛−1 
times the number of elements from the original drawing. We meas-
ure the total time that the software takes in reading the file, remov-
ing duplicates, re-gluing objects back and generating the excel file 
and the output figure, and summarize all of these in a table. 

Table 1. Summary of number of objects vs execution time. 

Number of objects Time (s) 

352 0.06113 

704 0.09219 

1408 0.1489 

2816 0.2805 

5632 0.5674 

11264 1.202 

22528 2.834 

45056 7.454 

90112 22.36 
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From Table 1, we see that the algorithm’s running time in-
creases quasi-linearly with respect to the number of objects. This 
goes in correspondence with the fact that the algorithm for meas-
uring distances between different objects is not quadratic but quasi-
linear.  

In a real case scenario, and from past applications of the soft-
ware to mine drawings, the number of objects does not exceed 
15000. Since the software takes 1.202 seconds in processing 11264 
objects, this translates in very significant time savings and error 
avoidance with respect to manual processing of the data by a hu-
man worker.  

3.3 Case of application  

We tested the algorithm with data from drawings compatible with 
CADs formats provided by Candelaria Copper Mining Complex 
by Lundin Mining, corresponding to geological data from Cande-
laria Underground mine. In general, as mentioned before, these 
drawings have no more than 15,000 objects of interest, as big file 
sizes may bring complications in its daily manipulation. Consider-
ing this data, we tested our software to quantify its efficiency. We 
manually counted each joint and fault to compare the total data 
drawn versus data recognized by GEOREC. Global results of this 
comparation are shown in Table 2. 

Table 2. Efficiency of data recognition in a level of Candelaria Mine.  

 Joints Faults 

Manually counted 260 150 

Recognized by GEOREC 243 124 

Efficiency (%) 93,46 82,67 

 

In total, 2930 objects were counted with the algorithm. The dif-
ference in the recognition of joints and faults is due to the way they 
were drawn. The general input parameters chosen to recognize 
each symbol differ from what was found in the drawing, as the lines 
may have a width outside of the ideal or parameterized range, as 
well as being more distant or in a different position than ideal or 
being arranged in layers with a different name than initially pro-
posed, as mentioned in Section 2.6. The recognition of symbols is 
favorably higher than 80% of the total drawn. 

The execution time for this case study was only a few seconds. 
Consequently, calculating trend and plunge and taking the Ter-
zaghi correction into account involves minimal computational cost, 
making the running time negligible. Plotting pole density and rose 
diagrams also does not imply extra time beyond a few seconds. 

4 CONCLUSIONS 

The proposed methodology for extracting, recognizing, and pro-
cessing data arranged in drawings is applicable to the context of 
geological-geotechnical mapping in small and medium-scale min-
ing tunnels. By mixing programming languages such as AutoLISP 
and Python, an efficient recognition tool was developed, while 
providing an important advantage to optimize calculation times. 

The integration of these tools facilitated a more comprehensive 
analysis of the data, enhancing the overall efficiency of the process. 

Considering the time consuming and error inducing tasks of en-
tering data and computing quantities such as azimuth, dip direction 
and elevation, GEOREC is a good alternative for addressing these 
issues. Since structural information can be digitized very quickly 
using our software, it is feasible to implement more thorough post-
processing data analysis to generate reports almost instantly. In this 
way, our software has potential avenues to contribute to time sav-
ings. Regarding the efficiency in recognizing joints and faults in 
Auto CAD drawings of tunnels from the Candelaria mine, as men-
tioned in Section 2.6, GEOREC is limited to the recognition crite-
ria used as input. For the case study, there is some data that falls 
outside the assigned parameters. This can be due to the distances 
between segments that compose a symbol, the length and thickness 
of each line or the dimensions of the symbols, leading to an incom-
plete recognition of the geological-geotechnical information pre-
sent on the map. 

In terms of software limitations, the authors believe that accu-
rate information recognition is explicitly dependent on the data in-
put format, particularly on the drawer’s ability to follow the stand-
ard suggested by the U.S. Geological Survey (FGDC, 2006), as the 
deterministic algorithms used to identify each symbol are adjusted 
based on this standard. To recognize other symbols, it is necessary 
to adjust or expand the searching and recognition criteria. Addi-
tionally, information post-processing is limited to the methodolo-
gies integrated into the software, so it is feasible to perform other 
types of analysis after some extra development. 

Finally, and analogously to the proposed approach, determinis-
tic criteria can be derived for recognizing other symbols indicating 
relevant geological information. With this, the application of these 
techniques is feasible in open-pit operations if topographic and ge-
ological information is available, as described in Section 2.1. This 
also makes it feasible to integrate the extraction and recognition of 
geological-geotechnical information provided by geotechnical 
classification systems, such as, global stress index or GSI (Hoek & 
Marinos, 2000; Hoek & Brown, 2018), rock mass rating or RMR 
(Bieniawski, 1989) and its update by M. Romana (2014), and Q 
(Grimstad & Barton, 1993; Barton, 2000). Furthermore, criteria 
can be incorporated to recognize symbols related to ore geology, 
and detailed three-dimensional topography, to complement and en-
hance the robustness and data availability. 

5 LIST OF ABBREVIATIONS 

AI Artificial Intelligence 

CAD Computer-Aided Design 

CSV Comma-Separated Values 

dipdir Dip direction 

FGDC Federal Geographic Data Committee 

GIS Geographic Information System 

IoT Internet of Things 

KIBS Knowledge Intensive Business Services 

R&D Research and Development 

SVG Scalable Vector Graphics 
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