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Abstract: In the South Field Mine located in the Lignite Center of Western Macedonia, Northern
Greece, a method of photogrammetry was successfully used for mapping quickly and precisely the
faces of all mine benches. The important information, which was not available with the conventional
way of face sampling, is knowledge of the exact position and thickness of the minable lignite seams.
This allows the development of a powerful lignite deposit exploitation tool and can certainly be
applied to any other surface mine. Another major advantage of using this methodology concerns the
spatial accuracy of the lignite-quality data produced from the lab analysis of the face samples. This
information is crucial and may be used as inputs in a database that can be integrated into drilling,
survey, and other data, and improve the geological and reserve models of the exploitation area.

Keywords: open pit mine; geological face mapping; photogrammetry; georeference; mining packages;
sampling; quality

1. Introduction

Geological face mapping is perhaps the most important process of representing the
stratigraphic, geological, and tectonic structures found at an open pit mine. The ultimate
target is to optimize the exploitation planning and increase the efficiency and productivity
of the mine, which in turn results in a reduction in the exploitation cost. In this article, a
new perspective is studied, concerning geological face mapping, through an innovative
technology, such as UAV (Unmanned Aerial Vehicle) photogrammetry. Preliminary work
was undertaken in 2018 as a first attempt at this approach [1]. The technological evolution
in this field comes with remote sensing techniques, for example, ground-based, close-
range hyperspectral sensors measure remote reflectance properties of mineral and rock
masses, resulting in unsupervised classification waste from ore [2]. Many other researchers
have recently published articles, which present numerous cases of UAV-photogrammetry
applications, such as the identification of faults, fractures, bedding surfaces [3], rock mass
discontinuities and kinematic stability of pit slopes [4], the data collection for geological
survey and generation of thematic maps with potential landslides and steep rock faces [5,6],
the classification of the lithology of mining face, and using photogrammetry point cloud
data and machine learning algorithms [7]. The drone-photogrammetry technique has
contributed to geological mapping and monitoring for many years, also providing feedback
on slope stability, mineral exploration, blasting processes, and model improvements [8–12].

In this paper, a lignite front of the South Field Mine, located at the Lignite Center of
Western Macedonia in Greece, was studied. This mine will be the last in operation in the
coming years in the context of energy transition and decarbonization strategies. Therefore,
the selective extraction of various qualitative lignite seams becomes more imperative and
necessary as the share of lignite in the country’s energy mix decreases and, consequently,
its cost increases.
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The Mining Planning Department of the South Field Mine has successfully used the
method of photogrammetry for geological face mapping. The lignite layers are of the
“zebra” type. The co-extraction of sterile materials is inevitable, as there is a sequence of
sedimentary layers such as marls, clays, and sands along with lignites. The thickness of
the layers ranges from 10 to 20 cm and reaches up to 5–10 m, with an average thickness
of lignite layers of 2 m. Traditional face mapping from geologists is no longer preferred
because it is laborious, time-consuming, and inaccurate, especially when it deals with
the thickness of the sediments. Through the UAV-photogrammetry technique, both the
spatial development of minable lignite seams and the exact position of the face sampling
point areas able to be determined. The labor staff of the mine approaches the bench faces,
which have a height of about 20 m, only for sampling. The lignite quality is determined by
analyzing these samples in the laboratory (proximate analysis of moisture, volatile matter,
ash, carbon, and calorific values). To sum up, the combination of UAV photogrammetry and
face sampling provides all the information about the spatial and qualitative characteristics
of the minable lignite seams, which is essentially important for the exploitation of the mine
and particularly valuable for the operators of the bucket-wheel excavators.

2. Materials and Methods

The quality of lignite seams, their geometric characteristics, the vertical extent of each
minable package consisting of numerous lignite seams separated by intercalated sterile
seams, the tectonic features of the deposit, such as faults or folds, and the produced lignite
stockpiling options (either in the mine bunker or in the power plant stockyard) are all
parameters that are processed in the mine planning study. In this framework, face mapping
adds valuable data, including dangerous water flow patterns and preliminary indications
of possible landslides. The results from face mapping are delivered in an appropriate form
to engineers, supervisors, and operators of excavators and belt conveyors so that everyone
can receive the acknowledged minable lignite seams. Hereby, the face mapping of a bench
of lignite is presented. The lignite bench S3 is the third bench of Sector 6 of the South Field
Mine.

The whole process of face mapping takes place as follows: A flight was carried out
with a small helicopter of type Phantom4Pro, which is suitable for the procedure because it
is small, flexible, easy to use, able to fly at low altitudes, and with high-resolution camera
for photos. The resolution of the photos is of high accuracy of a few centimeters but varies
each time depending on the height and photo overlap. Although it is not easy for the drone
to fly upwards or downwards along the fronts, this is necessary for collecting the spatial
data required. Flights shall be carried out at a suitable lateral angle and not vertically. One
drawback worth mentioning is that the shooting angle prohibits photos from showing the
horizon. The drone operator must be careful while taking the photos, because if the sky is
visible, the point cloud that is created afterward is not reliable. The flight takes place from
an altitude of less than 40 m, and the face of bench S3, which is about two kilometers long,
is photographed by many overlapping photos (usually over 200, depending on the extent of
the study area). The equipment also includes square tiles of Plexiglas sized 0.5 m × 0.5 m,
which are colored with a special coating of black or white to be distinguishable. These
tiles are photographed, and their exact position is also measured with a GPS. They are
the so-called Ground Control Points (GCP), necessary for the georeferencing that will be
performed with Pix4Discovery software of Version 4.5.6. The GCPs are placed on the floor
of the S3 bench, as close as possible to the mining face (Figure 1). The composition of all
images using Pix4Discovery software results in the creation of the model of the entire face
of S3 in a few minutes (Figure 2). Eventually, the final product is a cloud of points, and
with the final composition of the photographs, the three-dimensional and georeferenced
model of the surface of the entire S3 bench is obtained (Figure 3). Finally, Figure 3 shows a
view from the Pix4D program, with the photos on the right side.
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Figure 1. The cloud of points from which photographs were taken, as they are loaded and presented 
in the Pix4D program (a photo is shown as an example). The blue crosses are the Ground Control 
Points. 

 
Figure 2. The green and blue squares correspond to 3D images which cover the area marked with a 
brown line shown in Figure 1. 
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Figure 1. The cloud of points from which photographs were taken, as they are loaded and presented
in the Pix4D program (a photo is shown as an example). The blue crosses are the Ground Control
Points.
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Figure 2. The green and blue squares correspond to 3D images which cover the area marked with a
brown line shown in Figure 1.
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Figure 3. Partial view of bench S3 created from the photos on the right side using Pix4D software.
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3. Results and Discussion

What we ultimately obtain as a result is the three-dimensional depiction of the bench
S3 face along its entire length. This depiction is georeferenced, each point has x, y, and z
coordinates, so its location is known. Moreover, any object designed on the face, with the
help of the Pix4D program, can be imported into another AutoCAD drawing program, or
any other mining software such as Vulcan, Carlson, Surfer, etc., for any further processing.

For instance, in Figure 4 is shown another view from the Pix4D software, which is
zoomed in. A part of the bench S3 face seems are presented and a lot of measurements
can take place, such as the face height, the thickness of the lignite seams and the minable
packages of lignite and intercalated sterile seams, the altitudes, etc. Moreover, Figure 5
shows the same area as in Figure 4 but from another angle, as there is the possibility
of a 3D orbit in the Pix4D software. The green line presents the roof of a seam, and it
is georeferenced; that is, it can be imported to any design program such as AutoCAD,
Vulcan, etc.
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Figure 4. View of bench S3. The orange line gives the height of the front while the two green points
are GCPs.
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Figure 5. Another view of bench S3, which includes the same Ground Control Point (in the orange
circle) as Figure 4 as well as a georeferenced green line (the roof of a lignite seam). These light brown
cones are vertices which created the green line.



Mater. Proc. 2023, 15, 6 5 of 7

Where lignite is present, sampling can be carried out on-site. The samples come from
minable seams, consisting of several layers that are co-mined together, and they are of
maximum thickness usually up to 4–6 m. Figure 6 shows the locations from where lignite
sampling was realized. The samples D17 and D18 (Figure 7) derive from the S2 bench.
The samples D9, D10, Da, and Db derive from bench S3. All the samples were analyzed at
the Analysis and Control Laboratory Subsector of PPC, located in the Standard Chemical
Laboratory of Northern Greece, in Kozani. The results shown in Table 1 define the lignite
quality of part of bench S3, by means of proximate analysis of total Moisture, Ash dry-
free, Lower Calorific Value, Sulfur dry-free, Carbon dioxide dry-free, and free Calcium
oxide. All these values determine the selective extraction and disposal of extractable lignite.
Furthermore, all these data can be imported into a database of drilling, survey, or assay
data, having the capability to improve the geological and mainly the reserve model.
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Table 1. Results of lignite samples that define the quality of the combustible material. (From the
Analysis and Control Laboratory Subsector of PPC, located in the Standard Chemical Laboratory of
Northern Greece, in Kozani).

Samples of
Lignite Mining

Packages

Total
Moisture %

ASH Dry
Free %

CO2 Dry
Free %

Lower
Calorific

Value cal/g
S% Dry Free CaO% Lignite

Disposal

D17 (height ≈ 3 m) 57.2 26.86 10.46 1336 1.25 2.81 Power Plant

D18 (height ≈ 2 m) 53.1 35.72 10.35 1095 1.49 2.42 BUNKER

D17 + D18 55.2 33.29 11.08 1215 1.42 2.63 Power Plant

Dα (height ≈ 1.5 m) 58.5 27.54 12.37 1319 1.01 5.11 Power Plant

Db (height ≈ 1.5 m) 59.7 18.40 4.85 1870 1.60 3.22 Power Plant

D9 (height ≈ 7.5 m) 50.8 42.85 6.52 1167 0.96 4.64 Power Plant

D10 (height ≈ 8 m) 54.9 29.39 12.63 1284 1.09 22.65 Power Plant

4. Conclusions

The effectiveness of this application (UAV photogrammetry for face mapping) lies
mainly in fieldwork, because it becomes a valuable tool for a geologist whose task is to
map a large volume of rocks in a short time in surface mines. The final conclusions for
discussion can be the following advantages: (i) The time of the whole procedure of face
mapping is drastically reduced, it takes maybe 2 to 3 h per face. (ii) There is a strong
possibility of correction of drilling data and recalculation of mining models. The exact
position of each minable seam is known. (iii) Whenever the front bench changes its features,
then easily, almost costless, and with safety, this face mapping technique can be repeated
as many times as it is necessary. (iv) All the appropriate information from face mapping
is given to operators of bucket wheel excavators. It is a great help for them to obtain the
selective minable seams. (v) With frequent mapping, the change of face slopes in terms of
their stability and any dangerous areas locally for landslides is monitored. A disadvantage
could be the quality and resolution of the photos. There is also a restriction concerning the
appropriate flight as the sky should not be photographed for reliability reasons. Advanced
technology equipment could help these shortcomings to be solved.
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