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Abstract: There is growing interest within the open-cut coal 
mining industry regarding the potential of Unmanned Aerial 
Vehicles (UAVs) for surveying and monitoring of mine areas 
and to increase productivity and competitiveness in the 
market. Traditional survey methods utilise a Total Station (TS) 
combined with a Global Positioning System (GPS) to conduct 
End of Month (EOM) surveys for Coal stockpile volumes. 
However, these traditional survey methods are limited in their 
ability to accurately define coal stockpiles and they are often 
time consuming, which can lead to additional costs. Moreover, 
the EOM stockpile surveys incorporate large areas of unstable 
ground, which increases the risk of injury to the surveyor and 
demand a high level of safety. Alternatively, a UAV approach 
can offer a more cost-effective and safer option. This paper 
demonstrates the application of UAV data for a coal stockpile 
survey in an open cut coalmine site in Northern NSW, 
Australia. 
The project incorporated an innovative processing approach to 
deriving coal stockpile estimates using MAVinci, AgiSoft and 
GIS (Geographic Information System) analysis as three-
dimensional (3D) modelling tools. The UAV data was acquired 
using a Sirius UAV system in January 2015. 
The main aim of this paper is to compare the accuracy of UAV 
constructed 3D coal stockpiles models against traditional field 
survey techniques. We examined the effect on accuracy of the 
coal stockpile for varying shapes. The UAV-derived 3D models 
show maximum volume errors of less than 9.0 %. The average 
difference of volume is around -1.4 % with an RMSE (Root 
Mean Square Error) of 2.3 %. The results also demonstrate 
that volumes of simple shape stockpiles are more accurate than 
those of complex polygons shape stockpiles, and these 
differences for each category are explained in the paper. 
 

I. INTROUDCTION 
Currently, Unmanned Aerial Vehicles (UAVs) are being 

widely applied in various fields such as construction 
management, accident survey, military reconnaissance work, 
and disaster management (Bhardwaj, Sam et al. 2016). In 
particular, UAVs can provide a method of surveying and 
monitoring mines that can increase productivity and 
competitiveness in the market (Crozier 2012). 

One of the most cost-effective UAV approaches 
incorporates the use of photogrammetry to estimate volume 
data for mine site scoping (Cunningham, Walker et al. 2011). 
Although the use of UAVs for open-cut mining surveys is 
increasing, automatic extraction of 3D stockpile models can 
be challenging due to image distortion and missing data. 
Consequently, supplementary data such as polygons or 
contours derived from Computer Aided Design (CAD) are 
used in conjunction with point clouds generated from UAV 
data. 

The volume accuracy of the processed UAV data needs to 
be evaluated before it is used in practical applications. In 
this paper, the main aim is to evaluate the accuracy of UAV-
derived 3D coal stockpile models against traditional field 
survey techniques using Total Station (TS) and Global 
Positioning System (GPS) data. It describes the UAV 
fieldwork methodology and collection of Ground Control 
Points (GCP) using the GPS. The post-processing of UAV 
data and 3D modelling is also described in terms of heights 
with respect to a national height datum. Finally, 
comparisons of the performance of the six different 3D 
models are presented. 

II. UAV EXPERIMENT 
The study area was located at the Werris Creek Coal 

(WCC) site in the north-west slopes and plains of New 
South Wales (NSW) approximately 45 km south west from 
Tamworth, 4 km south of Werris Creek and 11 km north-
northwest of Quirindi. The total open-cut mine covers an 
area of approximately 910 ha. 

FIG 1 shows the 0.5 km × 0.3 km study area indicated by 
two red circles while blue box indicates the different UAV 
trajectories over one of the sites. GCP targets were required 
to assess the accuracy of the UAV data flights over the test 
area and these were placed at the corner edge of each test 
area. The position of each GCP was measured using a 
Trimble GPS receiver and measured in static mode at least 
two times with a 1 second sampling rate for sessions of 
more than 90 seconds. 

The reference stations were less than 3 km from the test 
area, so either station could be used to process the baseline 
between the reference station and each GCP. The coordinate 
system projection utilised for the study was based on the 
Geodetic Grid of Australia (GDA94) and the datum was 
Map Grid of Australia (MGA94) Zone 56. With the GCPs in 
place, the UAV data was collected on 29th January, 2015, 
using a MAVinci SIRIUS system. The flight parameters and 
camera specification are listed in Table 1. 
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FIG 9 - Study area at Werris Creek Mine. The two stockpile sites are 
outlined in red. 

TABLE 5: UAV SPECIFICATIONS (MAVINCI 2013) 

Airframe Hardware 
Build Material  Elapor 
Wingspan 163 cm 
Length 120 cm 

Battery Lithium-polymer (18.5 V, 
C30, 5300 mah) 

Propulsion Electric Brush-less 730 W 
Flight information 
Flight time Up to 50 min with camera 
Orthophoto Flight 
Altitude  59 – 750m 

Max Flight 
Altitude 2600m ASL 

Max Wind-speed 
Operation  

50 km/h, 
gusts up to 65 km/h 

Camera information 
Sensor  CMOS-Sensor APS-C 

Resolution 4896 × 3624 pixels 
(16 megapixel) 

Lens XF 18 mm f/2 R 

Lens System 
8 elements in 7 groups 
(includes 2 aspherical 
elements) 

 

III. DATA PROCESSING  
During data processing, the raw data was post-processed 

and transformed into spatially registered data. The data 
processing involved image matching to generate tie points, 
camera parameters optimisation, aerial triangulation, bundle 
adjustments and finally the generation of a 3D point cloud. 
A customised algorithm for each processing stage was 
created, in addition to various commercial software 
packages. 

The first stage involved data setup in Agisoft software. 
The photographs, GCPs information and orientation 
parameters were imported and then interior orientation 
processing, exterior orientation processing, aerial 
triangulation and bundle block adjustment implemented. 
After camera calibration and image orientation, the 3D 

location of each stereo point was geometrically determined 
and point clouds and orthomosaics generated as final 
products. 

Independent field surveys were performed to obtain 
reference data for a range of coal stockpile types located 
within the study area and a Trimble GPS was used for 
determining individual coal stockpile 3D surfaces. 

The survey data was subsequently imported into 
Minescape mine software for modelling, mapping and 
volume calculations including stockpile and pit volumes, 
and the generation of contour and feature plans. Figures 2 
and 3 reveal 3D visualisations of the coal stockpiles using 
UAV data compared with GPS data in test area. 
 

 
FIG 10 - GPS vs. UAV models for coal stockpiles in Rail ROM area 
(Northern site) 

 

 
FIG 11 - GPS vs. UAV models for coal stockpiles in ROM area (Southern 
site) 

IV. ACCURACY ANALYSIS 
Six coal stockpile locations were sampled with UAV data 

and field surveys include bare ground polygon data. Table 2 
shows the differences in UAV-derived 3D coal stockpile 
volumes compared with those derived from traditional 
survey data. The 3D model of the UAV shows maximum 



16TH INTERNATIONAL CONGRESS FOR MINE SURVEYING, BRISBANE, AUSTRALIA, 12-16 SEPT 2016 
 

 79 

volume errors of less than 9.0 % and minimum volume 
errors of more than 0.3 %. The average difference of volume 
is around - 1.4 % with an RMSE (Root Mean Square Errors) 
of 2.3 %. 

TABLE 6: DIFFERENCE BETWEEN REFERENCE DATA (GPS) AND UAV 3D 
MODEL 

Test Stockpile GPS 
(M3) 

UAV 
(M3) 

Variance 
(%) 

Crushed High Ash 
(HA) 1619 1701 5.1 

Crushed Sail 1817 1907 5.0 
Crushed PC1 530 521 - 1.7 
Crushed PC2 1873 1725 - 7.9 
Sail 3668 3657 - 0.3 
High Ash 23 712 21 729 - 8.4 
Average Variance - 1.4 
RMSE   2.3 
 

As shown in Figure 2, 3 and Table 2, the more complex 
shapes have the highest variance result, while the regular 
shapes the lowest. The final results show that volumes of 
simple shape stockpiles are more accurate than those of 
complex polygons shape stockpiles. Overall, the regular 
shape of coal stockpile has the highest accuracy followed by 
the complex polygons. 

 

V. CONCLUSIONS 
UAVs are becoming increasingly important for the 

purpose of 3D mapping or volume calculation in the open-
cut mining industry. This paper investigated the accuracy of 
3D coal stockpile volumes derived from the UAV data 
compared to traditional field survey techniques and 
demonstrated a procedure for developing 3D models from 
UAV data. 

The assessment of the 3D coal stockpile models shows 
that an average difference of volume accuracy of 1.4 % can 
be achieved. Although these results are very promising for 
regular shaped coal stockpiles, future work will focus on 
improving the accuracy for more irregular and complex 
shapes. 
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