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Abstract: Conventional surveying techniques have been widely
used in many fields for topographic and spatial analysis. More
recently, airborne Light Detection And Ranging (LiDAR) has
also become a significant and powerful surveying tool for
large-scale projects such as open-cut mining. In particular,
LiDAR can provide a more rapid and cost-effective approach
to monitor changes, in open-cut mine environments, and to
support mine planning and assessment of extraction
operations. Traditionally, change detection in open-cut mining
is undertaken with surveying tools such as a Total Station (TS)
or Global Positioning System (GPS). However, this approach
provides a limited dataset and low accuracy due to the lack of
high wall information, insufficient floor elevation data, and
limits in accessing operating work areas. This paper
demonstrates how airborne LiDAR data, processed with
Geographic Information System (GIS) software, can provide
rapid and accurate volume change detection for a case study
mine site near Wybong (Northern NSW, Australia). The study
utilised repeated airborne LiDAR measurements (six flights
over a twelve-month period) acquired using a Riegl sensor
LMS-Q680i and analysed using GIS and Computer-Aided
Design (CAD) software.

The results illustrate how airborne LiDAR data can provide
three-dimensional (3D) representations of mine surfaces for
enhanced volume change detection. Moreover, we evaluate the
accuracy of the sensor compared to truck weigh count records.
The quantitative and qualitative analysis of the 3D point cloud
data is discussed and the processing steps are presented. The
3D geometric models, data structures and mapping in GIS
software are also discussed.

Finally, the results show a high correlation between the
LiDAR-derived estimates and the recorded truck weigh counts
(actual removed volume). The results demonstrate that it is
possible to provide reliable mining volume estimates using
airborne LiDAR data analysed with readily available 3D
modelling software.

L.

During the last few decades, airborne LiDAR has found a
wide variety of applications for agriculture, forestry,
military, construction, surveying engineering and mining
(Mallet, Bretar et al. 2011)

In the area of open-cut mining, airborne LiDAR can be
particularly advantageous for applications such as high wall
slope monitoring, Mining Operations Plan (MOP)
monitoring, ground water monitoring, rehabilitation
progress and End Of Month (EOM) volume calculations.

Traditionally, remote sensing change detection is done by
using satellite images or aerial photography through spectral
analyses (J.C.Trinder and Salah 2012). However the
accurate extraction of information as such elevation, height
or volume change, can be problematic.
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Alternatively, airborne LiDAR sensors can rapidly detect
surface changes in open-cut mines to a high degree of
accuracy. This study demonstrates this ability by comparing
LiDAR-derived volume with actual removed volume (via
truck weigh count data). The post-processing of LiDAR data
and 3D modelling in GIS software is also described.

II. STUDY AREAS AND DATA SOURCES

The study area is located at the Mangoola Coal Mine
(Mangoola) and near the town of Wybong, NSW (New
South Wales), which is approximately 20 km west of
Muswellbrook, and 10 km north of Denman in the
Muswellbrook Local Government Area (LGA). The total
mine covers an area of about 3554 ha. FIG 1 shows the 3.5
km x 3.0 km study area highlighted within a red circle while
the cyan polygon indicates the full extent of the mining
lease boundary.

FIG 6 - Study area at Mangoola Mine

The flight parameters and sensor specifications are listed
in Table 1.

The LiDAR data was collected from 26th August 2013 to
25th August 2014 in six flight campaigns over the twelve-
month period. Data was acquired over a complex mine area
which included high walls, floor areas, operating work areas
and main haul roads, as well as Run OF Mine (ROM).

TABLE 3: AIRBORNE SPECIFICATIONS (RIEGL 2015)

LiDAR System
Aircraft Beechcraft Bonanza A36
Company Trimble
LiDAR system Harrier 68i

Laser Sensor Specifications
Laser Scanner RIEGL LMS-Q680i
Laser wavelength ~ Near infrared
Beam Deflection Rotating polygon mirror
Scan pattern Parallel scan lines
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Measurement

. 30 m
range, Min
Measurement 2000 m (80 kHz), 1350 m
range, Max (200 kHz), 1150 m (300 kHz),
’ 1000 m (400 kHz)
Scan angle Up to £+ 30.0 degrees
Scan speed 10 — 200 lines / second
I1I. LIDAR PROCESSING AND RESULTS

FIG 2 shows the workflow for the change detection
processing. This included pre-processing, data filtering,
normalized Digital Surface Models (DSM), interpolation of
the point data, and 3D visualization. The pre-processing of
raw LiDAR data to remove systematic errors was
undertaken by the data supplier (Atlass Pty Ltd).

Lidar Raw
Data

’ Pre-processing
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FIG 8 - LiDAR data results for actual removed volume in the open cut pit,
colour scale describe the scenario of change detection area

TABLE 4: DIFFERENCE BETWEEN REFERENCE (TRUCK COUNTS) DATA AND
LIDAR 3D VOLUME

| Truck . .

¥ Date Counts LiDAR Varolance
‘ Data Filtering | (BCM) (BCM) (%)

L 2 Sep 2013 3435360 3136615 -8.7
| Normalized Dsm_| Nov 2013 7285073 | 6752669 73

L 2 Jan 2014 5502339 5358926 -2.6
| Interpolating Points | Mar 2014 6247450 | 6070839 -2.8

L 2 May 2014 5 844 003 6067 037 3.8
| 3D Visualization | Jul 2014 7079752 | 6125024 -13.5

R 2 Average Variance -5.2
[ Change Detection } RMSE 3.1

FIG 7 - The workflow for change detection processing
V. CONCLUSIONS

The data sets were rectified with respect to the coordinate
system of Geocentric Datum of Australia (GDA94). Some
manual adjustment was also applied to the LiDAR data and
break-line data in order to obtain a high accuracy of 3D
modelling for visualization.

Iv. RESULT AND ANALYSIS

Once the 3D models were generated, the changes in
volume were calculated between each model and time
period. The images below in FIG 3 illustrate the change over
one of the sub-sites in Mangoola coal, from Aug 2013 to Jul
2014.

The overall accuracies of individual change detection
estimates compared with the reference data (truck weigh
counts), are presented in Table 2. Results suggest that the
LiDAR 3D models exhibited maximum volume errors of
less than 13.0% and minimum volume errors of more than
2.6%. The average difference of volume is around — 5.2%
with a Root Mean Square Errors (RMSE) of 3.1%. These
results exclude the overburden area.

As shown in Table 2, most of the LiDAR data volume
estimates are lower than those of reference data (truck
counts). The final results show that LiDAR total movement
of change detection is 30 374 496 Bank Cubic Meters
(BCM) from Sep 2013 to Jul 2014.
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In this study, we successfully utilised airborne LiDAR-
derived 3D models to estimate changes in mine extraction
volumes. Results confirmed that airborne LiDAR data could
provide similar volume estimates to truck weigh counts. The
change detection accuracies of individual 3D models were -
8.7 %, -7.3 %, -2.6 %, -2.8 %, 3.8 %, and -13.5 % for
variance, Sep 2013, Nov 2013, Jan 2014, Mar 2014, May
2014 and Jul 2014 respectively.

Future topics for advanced research of change detection
using LiDAR will focus on improving the volume accuracy
and comparison with alternative data from Terrestrial Laser
Scanning (TLS) and multi-temporal Unmanned Aerial
Vehicles (UAV) data.
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