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Despite drones being successfully utilized for monitoring and detecting hazards
in mines, there is limited research on their application for open-pit stockpile
volumetric computation compared to traditional methods. Furthermore, time,
cost, and safety have challenged the use of the traditional approach. Present
study aims to fill the gaps by conducting a comparative analysis of stockpile
volumetric computation utilizing a drone and traditional approach. A mapping
framework is proposed to guide mine personnel on how to conduct open-pit
stockpile volumetric computations. The methodology comprises using a drone
and traditional survey approach to measure the volume of a known quarry
stockpile. Drone-captured images are processed in Pix4D mapper software and
geometric techniques are applied to the traditional survey approach. Findings
show that the smaller the error of the checkpoints the more accurate the
generated model making the measurements reliable. The generated Pix4D
quality report showed a root mean square error of 0.019. The drone percentage
error to the actual volume is 2.6% while the traditional approach is 1.3%. Both
estimations are less than the maximum allowable percentage error of + 3%.
Therefore, compared to the traditional approach drone technology provides an
accurate, cost-effective, fast, and safe working distance suitable for stockpile
volumetric computations in open pit quarries.
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1 Introduction

Unmanned airborne systems (UAS) have the potential to
revolutionize the science and practice of remote sensing, and
most particularly the utilization of Small-UAS enables a range of
novel remote sensing capabilities (Lippitt and Zhang, 2018).
the
infrastructure industry to boost efficiency and productivity.

Drone technology 1is significantly being wused in
Digital innovation technology is among the developmental
drivers of the (4IR) fourth industrial revolution (Gambo and
Musonda, 2021). Integration of drones and building information
modeling technology supports industry 4.0 (Musonda and Pillay,
2019). Raphaelson (Raphaelson, 2019) utilized a drone for
construction work inspection, safety monitoring, and hazard
detection. Carvajal (Carvajal et al, 2012) characterized
landslides on a road embankment using drone technology.
Farhadmanesh et al. (Farhadmanesh et al., 2021), reviewed the
applicability of LiDAR and photogrammetry in highway asset
and pavement condition management. The findings showed the
superiority of mobile LIDAR for highway asset inventorying and
the possibility of having photogrammetry as a reliable alternative
technology only in favorable illumination conditions. EI
Meouche (EI Meouche et al., 2016) utilized a drone to develop
a plan satisfactory with an error of lcm-4 cm. Singh (Singh,
2018) used a drone to map a 100-ha site within 40-120 min,

while traditional land surveying took hours for the same site.

10.3389/fbuil.2022.1037487

Their study justified the usage of drones for surveying and
mapping in India due to cost-effectiveness, time-saving, risk
reductions, access to remote locations, and improved data
resolution. Figure 1 shows a schematic of a centralized remote
operating center utilizing drone technology to monitor progress
on various projects. By 2026, commercial drones are projected to
contribute US$31 billion to US$46 billion to the US gross
domestic product (Ficci, 2018). A compound annual growth
rate of 18% is projected in the Indian drone market within
2017-2023.

In quarrying like any other mining activity, volumetric
computation is an important aspect for payment purposes.
The quantity of rock aggregates being produced helps in mine
planning to meet targets and minimize delays (Matsimbe, 2020).
The volume of the materials produced is the primary information
needed by mine site managers to determine how much
contractors should be paid on a material-moved basis, know
how much more materials are needed to meet client needs, know
the amount of space required for storage, and prepare land
reclamation plans with respect to backfilling. Therefore,
mining companies need to adopt a technologically fast and
low-cost alternative for calculating aggregate stockpile volume.
Geodesy utilizing GPS, GNSS, total station, aerial/terrestrial
photogrammetry, laser scanning, and measuring tape are
some of the traditional methods used to obtain surveying
information on a mining site (Tucci et al., 2019). Most of
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FIGURE 1
Schematic of a remote operating command center (Ficci, 2018).
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FIGURE 2
Drones commonly utilized in the mining industry (Esposito et al., 2017): (A) Teklite, (B) GoSurv, (C) Swamp fox, (D) Quadcopter, (E) Phantom 2 +
Vision, (F) Aeryon Scout.

these methods are time-consuming, expensive, and unsafe for
surveyors (Stockpile, 2018). Mazhrakov (Mining Engineering,
2007) suggests the adoption of faster and more reliable methods
for land surveying. Ref (Raeva et al., 2016). observed that
traditional terrestrial methods present extremely precise
but
consuming, expensive, laborious, and unsafe in difficult

measurements for volume calculations are time-

terrain. Quarrying has greatly contributed to the production
of rock aggregates which are essential construction materials

Effective
management of quarry mines are essential to maximizing

for infrastructure development. planning and
productivity (Raeva et al, 2016). The quarry business is
usually driven by the volume of blasted aggregate quantities.
Therefore, site managers need to know how much stockpile
material is available and how much blasting is needed to meet
aggregate demand. According to (Saba et al, 2021), material
stockpiles assume different shapes that require a formula for
volume computation. Nowadays, both terrestrial and satellite
techniques are used for geodetic surveys (Stockpile, 2018). The
disadvantage is that very precise terrestrial measurements are
(Patikova, 2004).

Tacheometry is commonly used for volume calculation in

extremely time-consuming and unsafe

surveying and involves the determination of a significant area
and height at the survey surface (Remondino et al., 2006).
Remote sensing methods capture topographical data without
physical contact with objects e.g., LIDAR, laser scanning, and
photogrammetry (Francioni et al, 2018). A smartphone is
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another effective photogrammetric remote sensing tool for
2021). These
methods quickly cover a wide area at a low cost and do not
expose the working personnel to unsafe site conditions (Pérez
etal., 2013); (Nex and Remondino, 2014); (Kardasz and Doskocz,
2016). It also has great potential in disaster and road traffic
monitoring (San et al, 2008); (Austin, 2010). Mashhadi
(Hassandokht Mashhadi et al, 2022) investigated the
feasibility of using Nebulizer-Retrofitted UAVs (DJI Agras
MG-1S drone) in controlling air pollution and reducing heat

geotechnical mapping (Matsimbe, remote

stress at construction sites. The findings showed that the average
wet bulb globe temperature decreases by 1.7° during the flight
phase compared to average values for the preflight and postflight
phases. Figure 2 shows drones commonly utilized in the mining
industry.

Photogrammetry derives the 3D shape of an object from the
collected multiple 2D photographs (Esposito et al., 2017);
(Luhmann et al,, 2019). The commonly used photogrammetric
software for volume calculation and three-dimensional modeling
comprises Pix4D Mapper developed by Pix4D Swiss Software
Company in Switzerland, DroneDeploy developed by Jono
Millin, Michael Winn, and Nicholas Pilkington in the
United States of America, Autodesk Recap Photo developed
by Autodesk in the United States of America, Agisoft
PhotoScan/Metashape developed by Agisoft LLC in Russia,
RealityCapture developed by Capturing Reality in Slovakia,
SimActive developed by SimActive Inc. in Canada, Blender

frontiersin.org
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TABLE 1 Comparison of UAS and Traditional survey approaches (Fitzpatrick, 2015).

Test Traditional method Traditional method  UAS method  Traditional method  UAS method
time time cost cost
Volumetric calculation Cross Sectional Method 11 Hours 5 Hours $2,235.00 $1,316.50
Topographic mapping Terrestrial LIDAR 10 Hours 7 Hours $4,600.00 $2,450.00
Topographic mapping Cross Sectional Method 16 Hours 8 Hours $3,200.00 $1,944.00
Topographic mapping Manned Aircraft Photogrammetry Unknown 8 Hours Unknown $1,011.00

FIGURE 3
Google Earth image of the study area (Google Earth 2021).

developed by NeGeo in the Netherlands, 3DFlow developed by
University of Verona in Italy, 3Dsurvey developed by 3Dsurvey
Organization in Slovenia, and PrecisionHawk developed by
Christopher Dean and Ernest Earon in Canada. Once the
images are captured, they are loaded into the computer
software programs for processing, and a 3D model is
produced on which various measurements are done (Chen
et al, 2020). Arango et al. (Arango and Morales, 2015),
conducted a study to compare the volume calculated from a
DJ Phantom 2 UAV to a Leica 2 total station. Raeva et al. (Raeva
etal., 2016), conducted a study to compare the use of drones and
GPS in measuring the volume of an open pit quarry stockpile.
Tucci et al. (Tucci et al,, 2019), conducted a study in Italy to
compute the volume of stockpiles of waste materials using UAV
photogrammetric surveying. The data was collected using a
UAYV, and the point clouds from a 3-dimensional model using
a laser scanner.

Fitspatrick (Fitzpatrick, 2015) suggests that UAS-based
surveys are time and cost-effective. The study compared
traditional and UAS-based approaches. The results indicate
that traditional approaches are time-consuming as opposed to
UAS approaches. Further to that, the cost of utilizing UAS-based
approaches is cheaper than traditional approaches. These
findings are summarised in Table 1.
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FIGURE 4
DJI Phantom 3 standard quadcopter.

It should also be noted that the relative cost of a UAS used in
the mining industry is lower than traditional instruments (DGPS,
Total Station). For instance, a consumer-grade UAS can go as low
as $1,500 whereas DGPS is more than $10,000. Even though this
is the case, the cost and time effectiveness of a UAS is highly
dependent on the scale of a survey. Thus, the benefits of the UAS
can only be realized when dealing with relatively large areas.

Despite drones being successfully used for civil engineering
applications, there is limited research done on the volumetric
computation of open-pit quarry stockpiles using drone
technology compared to traditional methods. In Malawi, the
mining industry is yet to embrace the fourth industrial revolution
and most open pit quarry mines still utilize the traditional
geographical data for
volumetric computations. To produce data, these traditional

terrestrial methods to capture
methods incur huge costs, labour, and time, and compromise
the safety of workers. Drone technology can bring a positive
impact on the mining industry considering its excellent
manoeuvrability, low cost, and easy maintenance (Ranjan
et al, 2018). In the reviewed literature, there is limited
research on how drones can be used for open-pit stockpile
volumetric computation. Therefore, this study aims to fill that
gap by conducting a comparative analysis of stockpile volumetric
computation utilizing a drone and traditional methods.
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FIGURE 5
Drone vs. traditional approach framework.
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FIGURE 6
Ground control and Checkpoints sketch-up.
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Furthermore, a drone vs. traditional method mapping framework
has been developed to guide mine personnel on how to conduct
volumetric computations.

2 Methodology
2.1 Study area
The study area, shown in Figure 3, is an open pit quarry

located in the Chiradzulu district of Malawi at Latitude 15° 42’
23" and Longitude 35° 07’ 05”.

Frontiers in Built Environment 05

2.2 Data acquisition and processing

Most of the UAS used for construction-related applications
fall into the small unmanned aerial systems (S-UAS) category
weighing less than 25kg (Zhang et al, 2022). Thus, data
capturing was done using a DJI Phantom 3 standard
quadcopter (weighing 1.2kg) shown in Figure 4. A similar
approach was used by (Arango and Morales, 2015);
(Fitzpatrick, 2015), and (Mantey and Aduah, 2021) who used
DJI drones for data collection. A survey plan was pre-created
using Pix4Dcapture. Data processing used Pix4D mapper 2.2 pro
photogrammetric software to stitch up drone images and

frontiersin.org
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FIGURE 7
Recording elevation at different points of the stockpile.
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FIGURE 8
Elevation points distribution on a stockpile.

compute volume. Refs (Raeva et al., 2016) and (Ajayi and Ajulo,
2021) used a similar approach for data processing. Pix4D
provides an automatic data process and the creation of a
digital surface model and gets more contributions from wide
baseline matches with an option to activate the error ellipsoid to
generate an accurate DSM and orthomosaic (Pix4D, 2022).

A differential GPS (DGPS) was used in acquiring the
coordinates for ground controls and elevation at different
points on the stockpile. The DGPS comprised two receivers, a
tripod stand, and a high-grade GPS. The DGPS was set to Arc
1950/UTM zone 36 S as the coordinate system. For comparison,
a traditional 30 m long standardized steel Stanley Fatmax tape
was used for stockpile measurements. The fieldwork led to the
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FIGURE 9
Target marks on a GCP and checkpoint.

TABLE 2 Flight plan.

Parameter Specification

Flying height 35 m above the ground

Velocity 3 m/s
Overlapping 70%
Camera angle 70"

development of a drone vs. traditional approach framework
(shown in Figure 5) starting from data capturing to
comparative analysis in terms of accuracy, time, cost, and safety.

Before the actual data acquisition process, several procedures
were followed i.e., obtaining flight permission, safety, and ethical
procedures. Permission to fly the drone at the quarry was
obtained from a local aviation authority that regulates air
flight. For ethics and awareness, relevant authorities were
informed about the project operations that were to take place
at the site. The community was made aware of the project
operations through the village headman, and the police in the
area. Risk assessment was done to identify and analyze situations
that would cause harm to people and damage equipment in use.
Power lines, network towers, trees, and hills/outcrops were
thoroughly assessed. Risk assessment helped to identify the
presence of a rock outcrop, about 20 m high that was very
close to the study area (20m away from the stockpile of
interest). This helped to consider a flying height of 35 m high
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FIGURE 10
Drone taking off.

for the drone to not crush against the rock outcrop. The area was
free from tall trees, power lines, and network towers.

The process of determining the ground controls was an
A high-grade
differential GPS was used to survey ground control points
(GCP)

involving traditional surveying process.

that were evenly distributed all over the site
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FIGURE 11
Point cloud and mesh generation in Pix4Dmapper.
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surrounding the stockpile of interest as shown in Figure 6.
One of the GPS receivers was first set on a high ground,
known as a base point and the observation was done to that
point. To ensure reliability, a known control point (CP) along the
Blantyre-Zomba Road was used for calibration. Calibration was
about marking and correlating the high ground point to the
standard values. The accuracy of the calibration was checked by
tracing another known survey control point along the same road
about 1.3 km away using the same GPS and the calibration was
checked to be successful. The other GPS receiver was moved to
the pre-determined control points on the sketch-up around the
site and used to survey and record the coordinates and elevation
of each point. Establishing ground control points is important
because the model is created on tie points with geo-referenced
and improved relative orientation (Raeva et al., 2016).

Using the GPS, stockpile elevations at different points were
recorded as shown in Figures 7, 8. The elevation data was
uploaded in GIS software to find the average elevation for use
in stockpile volumetric computation.

All GCPs were marked by a special reflecting paper visible
from the air as shown in Figure 9.

The process of acquiring images of the site area started with
planning the flight process (Table 2). A survey plan was pre-

} v Undassified \ Assign

B L~ & U
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FIGURE 12
Georeferencing process.

created with Pix4Dcapture software on an android phone.
Several different parameters to be wused during image
capturing were defined on the app. The parameters included
the type of path, flying height, tilt, and velocity. Furthermore,
image spatial resolution and image overlap requirements should
also be considered when estimating required flight time; lowering
GSD or increasing image overlap requirements lead to
proportional increases in flight time (Zhang et al., 2022).

Pre-flight checks comprised checking the drone battery level
to be fully charged and that the memory stick has sufficient
storage space to capture the entire project of 32 Gigabytes. The
drone was connected to the controller and phone. The mission
was launched (Figure 10) by pressing the ‘start button’ on the
smartphone. The drone started following a predefined flight path
on the android App. After completing the flight path, the drone
landed from where it took off.

A standardized steel tape was used to manually measure the
dimensions of the stockpile. The process is done manually and
involved at least 4 people. The risky part of this process was that it
involved climbing the stockpile, and in cases where volume
measurement is done on a stockpile consisting of huge blocks
of rocks, several injuries could be sustained. Data analysis as a
process was done separately for each method. Images that were
captured using a drone were examined and interpreted using
Pix4Dmapper. The stockpile measurements were put in
appropriate formulae. The results from each analysis were
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finally interpreted. Pix4Dmapper software can stitch together
drone data converting it from images to the original 3D surface
model on which several measurements can be done. The process
went through 3 main stages. Firstly, during initial processing, the
software identifies features and positions that appear in 2 or more
images in a process called matching (Wu et al,, 2013); (Smith
et al., 2016). During this process, the software automatically
detects and erases all features that remain unmatched thereafter.
Secondly, point cloud and mesh creation are done (Figure 11).
This is where the matched features/positions are adjusted, and a
point cloud is generated in space.

Lastly, georeferencing (Figure 12) is done whereby images in
the cloud are assigned a real coordinate system. The software
situates the project on the earth with true coordinates. This
eventually provides scale and orientation to the project and
enables different measures to be done on the model to be
produced. The project is then rematched and optimized. To
calculate the volume of the known stockpile, click new volume.
Then select the stockpile and click the option to update the
measurements. Pix4D generates the volume.

Measurements from a steel tape were directly used in
mathematical formulae to estimate the volume of the stockpile.
The shape of the stockpile (Figure 13) made it difficult to directly
apply a single formula as such mathematical principles involving
shape were used in this case. The prismoidal method is useful when
the ground is not uniform or significantly irregular between cross-
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FIGURE 13
The shape of the stockpile inside (top) and front (down) views.

sections (Mantey and Aduah, 2021). The volume is computed as a
product of the area and the height.

Along the length, L, of the stockpile elevation values
measured varied from point to point. Mean elevation
calculated is represented by dimension c. Using the GPS stand
an arbitrary point, A, was found forming a triangular prism ABC
and used for trigonometric calculations. The elevation data
recorded by GPS is loaded and processed in GIS software (in
CSV format). Hence, the stockpile volume is mathematically
computed as follows:

Volume BCED = volume ABC — volume ADE (1)

3 Results

A total of five ground control points, GCPs (Figure 6 and
Table 3) were established to fly the drone. GCP assist during
image matching i.e., tying the images together according to
their x and y positioning. To ensure reliability, a known
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control point (CP) along the Blantyre-Zomba Road was
used for calibration. Calibration was about marking and
correlating the high ground point to the standard values.
Establishing ground control points is important because the
model is created on tie points with geo-referenced and
improved relative orientation (Raeva et al., 2016).

The flight path pre-determined during flight planning is a
double grid (Figure 14) generated by the software after
completing the image-capturing process. To ensure sufficient
overlap, remote pilots should use a grid flight path instead of a
normal flight path (Ajayi and Ajulo, 2021).

The Phantom 3 drone had a camera angle of 70 (tilt), and a
total of 164 images were captured with 70% image overlap. At an
altitude of 35m, the total double grid flight path (136 m*147 m)
cover was 2,192 m and took 9 min 58s. The volume of the
stockpile is then calculated as shown in Table 4. The drone
yielded an estimated stockpile volume of 258.7m’ from the
difference in cut and fill values.

For the traditional tape measurements:

Arbitrary point A = 5 m from the ground (refer to Figure 13).
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TABLE 3 Ground control and checkpoints coordinates.

Station point Easting Northing Elevation
GCP 1 8,262,696 727,170.3 1,133.625
GCP 2 8,262,678 727,064.9 1,135.034
GCP 3 8,262,616 727,107.4 1,135.904
GCP 4 8,262,623 727,154.6 1,132.802
GCP 5 8,262,644 727,152.3 1,133.393
CP1 8,262,678 727,175.1 1,134.394
CP2 8,262,640 727,148.6 1,133.126

FIGURE 14
Double grid drone path.

Mean stockpile elevation = 3.3 m.
The volume of prism ABC (refer to Figure 13).

Length, I = 18m
Height, h = 5m
Base, b = 6.9m

Volume ABC = (1/2*b*h*]) where bis base, his height,

and lis length of stockpile
Volume ABC = (0.5 X 6.9 x 5 x 18) m3
= 321.65m3 2

The volume of prism ADE (refer to Figure 13).
Length, | = 18m
Height, h = (5-3.3) = 1.7m
Base, b = 3.9m
Volume ADE = (1/2*b*h*])
Volume ADE = (0.5 x 3.9 X 1.7 X 18) m3 =59.67m3  (3)
.Volume BCED = Vol. ABC - Vol. ADE = (321.65 - 59.67)
=262.0m3
4)
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TABLE 4 The volume calculated in Pix4D mapper.

Volume Reading (m?)
Cut
259.92
Fill 122
Total
258.7

Table 5 shows a summary of the stockpile volume estimated by
traditional and drone methods. It also shows the actual stockpile
volume used as a standard for statistical comparison with the
volumes obtained from the drone and tape. The standard
deviation for the drone and tape estimated volumes were *
23 and + 1.8 respectively. The drone yielded an estimated
stockpile volume of 258.7 m*> while the traditional tape method
yielded an estimated stockpile volume of 262.0 m’. The actual
stockpile volume from the mill operator is 265.4 m® and is used
as a standard for the statistical comparative analysis. The degree of
uncertainty between the actual stockpile volume and the drone
estimated volume was 2.6% while that for tape estimated stockpile
volume was 1.3%.

In addition to checking the accuracy of the volumetric
computation, the difference in operation time between the
drone and traditional tape method is determined as shown in
Table 6.

For validation, the result accuracy in Pix4D is dependent
on the accuracy of the model generated. The root mean
square (RMS) error is calculated by checking the accuracy
of control points and finding/deleting inaccurate entries. The
root mean square error in an accurate model should be less
than or equal to pixel size. The average ground sampling
distance (GSD) is 1.44 cm (0.014 m) which satisfies the pixel
size recommendation by Ref. (UAV, 2022). To ensure a
reduction in the accumulation of errors in image
matching, ground control points (GCP) were placed at the
ends and in the middle of the stockpile as shown in Figure 6.
These GCPs are well spread out surrounding the stockpile of
interest. The Pix4D mapper generated a quality report
(Figure 15) showing an RMS of 0.019 which is almost
negligible.

Table 7 shows the ground control points’ accuracy measured
from the GPS measurements and the captured drone images
thereby validating the matching process.

Checkpoints of known coordinates were selected around the
stockpile. Table 8 extracted from the Pix4D quality report shows
an RMS of about 0.02 which is negligible.
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TABLE 5 Comparative analysis of tape and drone volumetric computation.

Equipment Stockpile volume
and estimated volume
(m®)

Mill operator 265.4

Drone 258.7 6.7

Tape 262.0 34

TABLE 6 Comparative analysis of operation time (Minutes).

Equipment  Set up  Acquisition  Processing  Total
Drone 5 10 20 35
Tape 7 60 30 97

4 Discussion

The drone method volumetric computation result has an
accuracy of less than the maximum allowable degree of
certainty (+3%)
reliability of utilizing drone technology for volumetric

and is time efficient showing the
computations in open pit quarries. The data included
ground control coordinates with reference to existing
survey benchmarks. Images were captured by programming
the drone to follow a pre-determined path at a given ground
sampling distance. After data capturing using Pix4D capture,
data processing employed Pix4D mapper making the
procedure time efficient. Data collection using the drone
method took 35 min while the traditional tape method took
97 min. The uncertainty of volume determination emanates
from the accuracy of the ground control points therefore a
ground survey before material stockpiling should be done
otherwise its base measurements will require interpolation or

estimation. A total of five ground control points were
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FIGURE 15
Reduction in RMS.
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2.6

established to fly the drone. Ground control points assist
during image matching ie., tying the images together
according to their x and y positioning. To increase
accuracy, a minimum of three and a maximum of eight
ground control is recommended (Rahman et al,, 2017). To
ensure a reduction in the accumulation of errors in image
matching, ground control points were placed at the ends and
in the middle of the stockpile. These ground control points
were well spread out surrounding the stockpile of interest. The
Pix4D mapper generated a quality report having a root mean
of 0.019 which is
Determination of the ground control point’s root mean

square error almost negligible.
square error helps in showing the accuracy of marking the
points (Raeva et al., 2016). Checkpoints are points of known
coordinates selected around the stockpile. These points do not
undergo georeferencing and optimization processes during
model generation. Checkpoints indicate the accuracy of the
model (Raeva et al., 2016). The smaller the error of the
checkpoints the more accurate the generated model and
therefore measurements from such a model become
reliable. The generated Pix4D quality report showed a root
mean square error of 0.019 which is negligible and therefore
validates the accuracy of the stockpile model.

The drone’s percentage error to the actual volume is 2.6%
while the traditional approach is 1.3%. Refs (Raeva et al., 2016)

(Ajayi and Ajulo, 2021) recommend a maximum allowable

o © B o O
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TABLE 7 Ground control points accuracy.

10.3389/fbuil.2022.1037487

GCP name Accuracy XY/Z Error X Error Y Error Z Project error Verified/Marked
(m) (m) (m) (m) (pixel)

GCP 1 0.020/0.020 0.018 0.006 -0.008 1.181 14/14

GCP 2 0.020/0.020 -0.009 -0.008 0.017 1229 9/9

GCP 3 0.020/0.020 0.025 0.001 0.003 2.101 13/13

GCP 4 0.020/0.020 -0.031 -0.012 0.010 2.002 19/19

GCP 5 0.020/0.020 0.014 0.002 0.011 1.241 14/14

Mean (m) 0.007 -0.022 0.0064

Sigma (m) 0.0181 0.013 0.021

RMS error (m) 0.0018 0.020 0.023

TABLE 8 RMS error of checkpoints.

CP name Accuracy XY/Z (m) Error X (m) Error Y (m) Error Z (m)

CP1 0.020/0.020 -0.005 0.017 -0.009

CP2 0.020/0.020 -0.021 -0.010 0.013

Mean (m) -0.013 0.0035 0.002

Sigma (m) 0.018 0.0061 0.0281

RMS error (m) 0.021 0.006 0.0251

percentage error (degree of uncertainty) of less than + 3% for
volumetric computations thereby validating the accuracy of the
drone method used in the present study. Both estimations are less
than the maximum allowable percentage error of + 3%. The
drone method accuracy is attributed to the quantity of captured
images and ground control points which were 164 and five
the
number of captured images ranges from 115 to 220 (Rahman
et al,, 2017). According to (Tucci et al., 2019), utmost attention
should be given to setting fixed and stable reference bases and

respectively. For increased accuracy, recommended

clear photogrammetric points boundaries to acquire a high-
precision survey with greater accuracy. UAS (Drones) provide
an accurate, cost-effective, fast, and safe working distance
suitable for volumetric computations in open pit quarries.
These findings agree with (Farhadmanesh et al, 2021),
(Hassandokht Mashhadi et al., 2022) who found that UAS are
cost-effective and reliable technology for civil engineering
applications. In addition, Ref (Zhou and Gheisari, 2018). and
(Rakha and Gorodetsky, 2018) observed that cost savings, time
efficiency, and improved accessibility are the primary reasons for
drone preference in the built environment.

The present study has demonstrated the comparative
applicability of UAS
computations compared to the traditional approach. A

in open-pit stockpile volumetric

systematic framework has been illustrated and can be applied

in open pit quarries taking into consideration the scale and type
of work conducted and the acceptable percentage error.
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5 Future research areas

Future research work can determine the volumetric
computation accuracy during nighttime and examine the
application of drones in checking the availability and
utilization of mining equipment. Furthermore, more than one
stockpile and drone should be used for a comparative analysis of
drone vs. traditional methods to check variability with respect to
the number of muckpile and coverage area.

6 Limitation of the study

Despite the pros of using drone technology for volumetric
computation, the common limitations comprised of limited
battery usage time (approx. 20 min) affecting coverage area
and flight duration, safety-related hazards when conducting a
drone operation, and poor weather conditions affecting the
visibility and normal functionality of the drone. Similar
limitations were observed by (Hassandokht Mashhadi et al.,
2022). The study utilized only one stockpile for the
computation and hence a limited basis for comparison.
Therefore, multiple stockpiles of various sizes would have
been ideal. The present study is limited to volumetric
computation during daytime working hours and thus there
is a need to investigate the feasibility of night-time
application.
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7 Conclusion

The present study comparatively evaluated the utilization of
traditional methods
computations of open pit quarry stockpiles over traditional

drone technology vs. in  volumetric
surveying techniques considering the accuracy, operation time,
cost, and safety. A known volume stockpile at an open pit
quarry is used as a case study. The drone’s percentage error to
the actual volume is 2.6% while the traditional tape is 1.3%. Both
estimations are less than the maximum allowable percentage error
of £ 3% thereby validating the accuracy of the drone method. The
drone method accuracy is attributed to the quantity of captured
images and ground control points which were 164 and five
respectively. To achieve greater accuracy, the GCPs, images, and
checkpoints were marked on the wide-baseline pairs. The mining
industry should consider the full adoption of drone technology
(UAS) in calculating the volume of blasted quarry stockpiles because
it is cost-effective, faster, accurate, and provides a safe working
distance. Compared to Europe, Asia, or North America with
advanced industrial drone applications, most African countries
e.g, Malawi, are yet to adopt and implement UAS in open pit
quarries for volumetric computations. The sub-Saharan African
countries leading in drone technology for mining, agriculture,
and healthcare-related applications consist of Rwanda, Ghana,
South Africa, and Kenya. Therefore, there is a need for more
research and development of UAS to fill the technology gaps in
mining-related applications in sub-Saharan Africa.
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