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ABSTRACT 

Excessive hanging wall or footwall dilution in narrow, tabular gold mines 

affects the payability of the mine. Three-dimensional (3D) scanning of stope 

faces is an option for quickly creating face maps to incorporate into a mine’s 

digital map. As this would make data capturing less time-consuming, the 

geology team now has more time to guide production regarding stopping 

width specifications and possibly reduce associated dilution. Unfortunately, 

Mponeng Mine’s current 3D scanner is bulky, expensive and unavailable for 

direct use by the geology team. 

Mponeng Mine investigated more convenient alternatives for 3D scanning 

of stope faces. Since March 2020, certain Apple products have incorporated 

a LiDAR scanner. The iPad Pro scanner, with a scanning range, of five 

metres, was tested in the mine mock-up at the University of the 

Witwatersrand. A 3D-printed iPad holder was created, holding a compact 

yet powerful LED light. DigiMine tunnels and stopes were scanned using 

this hardware and a variety of software. The 3D Scanning App supplied with 

the iPad Pro was found adequate for the identified purposes. Underground 

testing was then carried out in the ultra-deep stopes of the Mponeng Gold 

Mine. These scans can be geo-referenced into the mine's existing digital 

models. In addition, they can capture the contacts of the ore body. However, 

the iPad Pro is not waterproof, and the large screen makes it susceptible to 

damage. So, the mine is now testing LiDAR-equipped iPhone 13 Pro as a 

more robust, compact option.  
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INTRODUCTION 

This research project was initiated to identify orebody dilution in an ultra-

deep South African gold mine. Mponeng Mine is southwest of 

Johannesburg (shown in Figure 0-1) and mines the Ventersdorp Contact 

Reef (VCR) and Carbon Leader Reef (CLR). The narrow, tabular stopes are 

currently over 3,500 metres (m) below the surface. The VCR is highly 

variable as it forms an unconformity with the underlying sediments of the 

Witwatersrand Supergroup. The orebody is typically 120 cm thick and dips 

approximately 18 degrees towards the south. 
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body (Roberts & Schweitzer, 1999). For this reason, mining heights need 

constant adjustments to avoid grade dilution. Other mining operations that 

mine in the same region and under similar circumstances, for example, 

Kloof Gold Mine, may benefit from the research results (Manzi, et al., 2014). 

Mine planning requires three-dimensional (3D) spatial measurements of the 

orebody. Currently, on Mponeng Mine, the mine survey, geology and 

valuation departments gather this information on a regular grid. However, 

this information was unavailable in a format easily incorporated into the 

mines’ 3D model. The research aims to investigate how to best supply 

dynamic 3D information to the underground mine planning department and 

highlight any excessive dilution. Light detection and ranging (LiDAR) has 

proved to be a technology that will assist with gathering and disseminating 

3D information concerning the orebody. 

Mineral resource management (MRM) is the information hub for extracting 

minerals in underground mining (Blaauw & Trevarthen, 1987). Limited 

information on the ore body may influence mining decisions. Therefore, 

exploring more innovative mining techniques could increase precision and 

decrease the lag in relaying information about dilution is essential. One way 

to do this is by utilising and optimising dynamic 3D details. 
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1.1 Problem Statement 

Orebody/reef dilution affecting the grade destroys the economic value of 

mining operations. In addition, unwanted waste mining causes dilution, 

affecting the ore grade and increasing the mining and processing costs 

(Rogers & Kanchibotla, 2013). For this reason, Mponeng Mine strives to 

reduce dilution by controlling the stoping width (SW). As a result, Mponeng 

Mine’s SW was, on average, 12% greater than the allocated stoping width 

(ASW) for the past ten years (AngloGold Ashanti, 2020). 

With the information available, it is possible to make informed decisions. 

There may be room for the MRM department at Mponeng Mine to optimise 

the 3D data they supply to the production team. Currently, geologists and 

samplers capture information at the stope face. Geologists and samplers 

then provide the production team with a report showing the results in the 

form of a plan and a section view of only one panel on a sheet of A4 paper. 

This report may sufficiently guide the production team in the short term. 

Unfortunately, this information is unavailable for monthly planning in a 

holistic 3D view. The MRM department cannot verify this non-integrated 

information internally. As found in other Harmony Gold Mines, the geological 

sections are not copied and included in the monthly planning sessions. As 

the VCR ore body's complexity poses challenges in effectively controlling 

SW, Mponeng Mine faces challenges in reducing associated grade dilution. 

Grade dilution is the result of mining unwanted waste material. This 

translates to added waste tonnes needing transportation to the plant for 
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processing. Additional waste tonnes result in increased production and 

processing costs, with a concomitant reduction in profitability. 

The research hypotheses show that integrated 3D data from samplers, 

geologists and mine surveyors can help the production team better manage 

SW control to reduce grade dilution. 

1.2 Justification for Research 

“Some gold loss and dilution will always occur during blasting and 

transporting broken ore” (Xingwana, 2016, p. 149). Gold loss and ore 

dilution are evident in sampling results from Mponeng Mine. However, 

sampling results show that it is possible to increase the average gold grade 

by 31% if the recommended SW is honoured (AngloGold Ashanti, 2020). 

Improving ore grades has added benefits such as reducing support costs. 

Currently, the mine has a LiDAR scanner available from the mine survey 

department on Mponeng Mine. However, this instrument is bulky and 

unsuitable for use in stopes, prevalent on the mine. This research report 

explored simple, low-cost solutions that will allow for 3D scanning by 

geologists, valuation officers and production personnel. The aim is to 

provide the underground mine planning department with more frequent 3D 

dynamic information. 
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1.3 Previous Work 

The MSc candidate had the privilege of taking part as a co-author in a 

publication that inspired, developed alongside, and received a contribution 

from work done in this MSc research project. The leading author, C. Birch, 

presented findings from the research paper “Narrow, Tabular Stope 3D 

Scanning in Deep-Level Gold Mines Using An iPad Pro LiDAR” at the 2022 

International Multidisciplinary Conference of Engineering Technology 

(IMCET) in Turkey. The work complements this research project's purpose, 

specifically to explore the potential of implementing 3D scanning to map 

faces and develop a workflow that could improve associated reconciliation. 

Correspondingly, the work was supported by Wits and on-site investigations 

performed at Mponeng Mine. 

1.4 Research Methods 

Research design: The research methodology aimed to investigate using a 

cost-effective 3D LiDAR scanner for underground use. The research design 

comprises both a quantitative and a qualitative method. The quantitative 

portion short-lists scanning technology. The qualitative portion focused on 

the quality of the scans and the value that the 3D scanner offers. This 

involved the following steps: 

·  Stock-taking exercise to short-list suitable hardware and software0 

·  The literature survey process supports the evaluation of the short-

listed hardware and software. 
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The following criteria were applied in short-listing and then identifying the 

choice of scanner for the experimental underground conditions of narrow 

tabular mining: 

·  ��
�	��	�
�0  

·  ��������	���	"������	��	
������
0  

·  Cost of 3D scanners and software. The compatibility of software 

considers the currently used software of Mponeng mine. Price 

played an essential role since the project was in the test phase0 and 

·  Test short-list of scanners and software. 

 

The aim was to test what influence light may have on the quality of scans. 

Hence, the intention was to try these scanners at DigiMine at the University 

of the Witwatersrand. The DigiMine at the University of Witwatersrand is a 

simulated environment of an underground gold mine where scanners were 

utilised for the following: 

·  Comparing and analysing the quality of the scans captured0 

·  The best quality scanner and the sensor were to be tested 

underground at Mponeng Mine0 

·  Through practical observation of geological practices, original data 

was collected by 3D LiDAR scans of stope panels, using built-in 

features of the iPad Pro for comparisons0 

·  Comparing and analysing the quality of the scans captured at 

Mponeng Mine0	���  
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·  Decide what scanning applications would be best suited to the 

research study in the future. 

1.5 Sources of Data 

The 3D LiDAR scanning process used the following data sources: 

·  3D scans ��	
��!�	!����
0  

·  Mponeng Mine’s survey !��	������
�0  

·  Data/information used from Mponeng Mine0 

·  ����	
�����	������
	���
����0  

·  Sampling ��
���
0	���  

·  Geological mapping. 

 

Data capturing applied the following procedures: 

·  Capture time, date, and workplace names for each scan0	���  

·  Create relevant workflows for both geological scanning and 

production scanning. 

1.6 Structure of the Research Report 

Chapter 1 is the introduction with the research background and the problem 

statement. Chapters 2 and 3 are the literature review, focusing on 
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background knowledge and geological modelling and 3D scanning case 

studies, respectively. Chapter 4, the research methodology, consists of the 

following points: 

·  Further literature survey content about current mine survey 

equipment on Mponeng Mine0 

·  The appraisal of potential scanners0 and 

·  Justifies considerations for subsequent experimental procedures 

(thereby lending itself to initiating the qualitative portion of the 

research method). 

 

Chapter 5 is the quantitative short listing of scanning technology and the 

reporting of preliminary testing in the DigiMine on the West Campus of the 

University of the Witwatersrand. DigiMine is a mock mine with a control 

room. The simulated mine has a life-size tunnel that imitates geological 

features on the sides of the tunnel. This mock mine also has a life-size 

narrow reef stope and lamp room. (University of the Witwatersrand, 2020). 

Chapter 5 compares underground observations of the following on-site 

manual measurements: 

·  iPad Pro scans with measurements processed in Deswik CAD (data 

obtained on the same date in the presence of the MSc candidate)0	

and 

·  Mponeng Mine’s sampling team performed mining survey 

measurements. 
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Chapter 6 presents the new projections of a Geological and a Production 

Scanning Workflow, incorporating the chosen scanning technology and 

allowing a baseline suggestion for future optimisation. Chapter 7 

summarises the research conclusions and recommendations for furthering 

this research of reducing dilution, which is currently associated with the 

inherent limitations in informational flow between geological and production 

departments on the Mponeng Mine.  
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GEOLOGICAL THREE-DIMENSIONAL MODELLING 

1.7 Section Overview 

Geologists create a geological model from the core extracted from 

geological boreholes. Geological boreholes reveal, among other things, the 

ore body's physical characteristics in terms of size, shape, geological 

structures and geo-mechanical properties of ore and waste rock (Pandey, 

2022). The ore body features determine which mining method can be 

applied to mine safely and economically. 

Geological mapping is a manual process that traces contacts between 

different rock formations, often on other planes. This manual process 

enables the geologist to project and interpret geological features. In turn, 

this led to a better understanding of the ore body. 

3D modelling computer systems, for example, Datamine, Leapfrog, MineRp 

and Deswik, were introduced in the mining sector to visualise and 

understand the complexity of ore bodies. With Datamine software 

packages, namely Strat3D and Fusion, it is possible to create 3D block 

models. South African mines, and Mponeng Mine, in particular, have 

adopted computerised 3D modelling. 

Geological 3D block models are rectangular 3D X Y Z grid systems. Figure 

0-1 illustrates a filled block model framework where “N” is the number of 

blocks in the framework. A block origin defines the cell positions within the 

block model framework (Poniewierski, 2019). 
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·  �+!��������	��������0  

·  #��!����0  

·  ;���������	��!!���0  

·  (����!��������	��	����������	�������
0	���  

·  Ore grade (Chanderman, et al., 2017). 

Gold deposit in Mali 

“The workflow adopted in this study is based on a gold deposit containing 

an oxide zone (oxides) and a deeper sulphide zone (sulphides) comprised 

of unweathered (fresh rock) material, located in southwestern Mali. 

Exploring the potential for additional oxide resources is thus a natural step 

to increase the life of the mine” (Chanderman, et al., 2017, p. 189). The gold 

deposit is located on the West African craton in the Malian portion of a 

Paleoproterozoic inlier known as the Kedougou-Kenieba window 

(Chanderman, et al., 2017). 

In Mali, using 3D geological modelling and geostatistical evaluation 

techniques enabled the resource estimation of a gold deposit to increase by 

7200 ounces. Stochastic approaches to ore body modelling and estimation 

should be considered to fully characterise the geological uncertainty 

(Chanderman, et al., 2017). This information is based on 3D geological 

modelling and geostatistical evaluation techniques as informed by newly 

drilled advanced grade-control holes. 
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Gemfields Resources PLC in Zambia 

Accurate ore body modelling depends on accurate drilling information. If drill 

hole practices do not support the uniqueness of the ore body, precise 

estimation of tonnes and grade will not be possible. Research indicates that 

it is challenging to sample economic concentration zones. Examples of such 

challenges can be seen with the Kagem emerald deposit of Gemfields 

Resources PLC in Zambia. The MRE process depends on available results 

of bulk samples and historical production statistics for reporting on the 

volume of economic talc-chlorite-tremolite magnetite (SRK Consulting (UK) 

Limited, 2012). This paper stresses the importance of accurate ore body 

modelling to estimate tonnes and grades accurately. Dynamic 3D LiDAR 

scanning may positively contribute to this cause. 

1.8 Manual Visualisation 

Over the years, geologists have used different methods to represent an ore 

body visually. Geologists must communicate geological information 

effectively between departments (Donnelly, 2008). 

Traditional geological mapping is a manual process that traces contacts 

between different rock formations, groups, types and planes. The geologist 

would take measurements with a tape and clinometer along a single centre 

line that runs across the width of a stope panel or against the sidewall of a 

development excavation. A clinometer measures the dip and strike of the 
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reef and fault plane (Lisle, et al., 2011). This information is then drawn and 

projected on a plan and section view. 

A representation of the ore body was often constructed from layering 

transparent Perspex sheets. Geological sections were drawn onto individual 

Perspex sheets that were joined together to create a physical model of the 

ore body. Over the years, as 3D laser cutting technology developed, it 

became possible to create plastic models from digital data (Lisle, et al., 

2011). 

As technology developed, geologists used cameras to photograph stope 

faces while mapping. These photographs were a reference in writing 

geological reports (Lisle, et al., 2011). 

Notably, time at a particular face is always limited and would seldomly 

exceed 30 minutes. Therefore, the geologist must capture as much 

information about the stope as possible with maximum efficiency and 

accuracy. In complex ore bodies, the grade may fluctuate over short 

distances and for this reason, it is also vital to map geology regularly. The 

mining process can be more efficient and cost-effective when a well-

designed grade control programme is applied. Developing a value-adding 

grade control programme may be well received by stakeholders (Dominy & 

Platten, 2012). 
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1.9 Computer 3D Modelling 

Data given directly or indirectly to a specific location is known as “spatial 

data”. Geospatial data is often about a geographical area (Information 

Commissioner's Office, 2015). Geometric data is global data mapped on a 

two-dimensional flat surface (Zola & Fontecchio, 2021). Geographic data is 

information mapped around a sphere. Most often, the globe is planet Earth. 

Geographic data highlights the latitudinal and longitudinal relationships 

relative to a specific object or location. A global navigation satellite system 

(GNSS) is a familiar example of where geographic data is fully implemented 

(Zola & Fontecchio, 2021). Geological subsurface models are based on rock 

units' spatial distribution and deformation. The geologist maps information 

about rock types, contacts and depositional or magmatic flow features. In 

summary, the geologist maps the following structures: 

·  Folding - dip, strike, deformation, the �����������	��	�����
0  

·  Joints – ���������	
�@��	�!��	��	���
��0	���  

·  Faults - look for slickensides, fault gouge, breccia and visible 

displacements (Balasubramanian, 2017). 

 

The uncaptured geological information about a stope face is accepted as 

lost after the stope face has advanced. Regular mapping of stope faces 

provides a complete picture of the ore body's behaviour. The greater the 

distance between mapping data, the greater the interpretation required of 

the geologist. The data needed to estimate local grade, and undertake 
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optimal SW, is provided by the mapping and sampling of these exposures 

(Dominy & Platten, 2012). Geological mapping information assists the 

geologist when they recommend the maximum SW of a stope panel. 

Leonida (2016) reported from an interview with the chairman of the mining 

software firm Maptek that ‘spatial modelling’ is a concept that has been 

already accepted and incorporated since the late 1970s. In the 1990s, 

however, mining became revolutionised by what is now called ‘3D 

modelling’. Computing capabilities and enhanced software produced user 

interfaces that present the data and allow user interaction within the 3D 

space. (Leonida, 2016). Maptek now uses Silicon Graphics technology 

initially used for movies and entertainment in the mid-1990s (Leonida, 

2016). 

Christchurch, New Zealand-based ARANZ was founded in the early 2000s. 

ARANZ started its operations with 3D medical imaging technology that 

supported accurate information for medical diagnostics. In 2004, geological 

science was the first to apply this technology. The software enabled faster, 

dynamic processing of data. As a result, the software became better known 

as Leapfrog Geo and has impacted mineral resources positively by enabling 

better decision-making. Seequent acquired ARANZ Geo in 2018 (Seequent 

Limited, n.d.). Figure 0-4 is an example of a 3D model of an orebody created 

with Leapfrog Geo software (Orefind, 2017). 
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According to borehole data, Figure 0-4 depicts the different attributes 

associated with the 3D model. These attributes may include the following: 

·  Variables0 

·  Mineral grades0 

·  Contaminant concentrations0 

·  Geomechanically properties0 

·  Characteristics0 

·  Lithology0 

·  Mineralogy0	���  

·  Coordinates (University of the Witwatersrand, n.d., p. 14). 

 

 

Figure 0-4: 3D geological model created with Leapfrog modelling software 

(Orefind, 2017). 

Datamine software has provided time-saving automation and ease-of-use 

digital mining technology to the mining industry since 1981 (Datamine, 
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2022b). MineMapper 3D is part of Datamine's Fusion Suite, which enables 

the geologist to capture mapping digitally while at the workplace. This 

mapping then informs mine planning and modelling systems of the 

characteristics of the orebody and ore grade (Datamine, 2022a). 

Surpac was initially developed in Perth, Western Australia, by its founder 

Bebb in 1978 (Mining Patch Associates, 2017). By the late 1990s, Surpac 

was used primarily for non-seam or layered mining projects. In the mid-

1990s, Surpac introduced the tool command language (TCL), which 

contains macros that allow users to automate repetitive activities. In later 

years, Surpac joined forces with Minex Company and Gemcom Software. 

Since 2012, these groups have been part of Dassault Systems (Mining 

Patch Associates, 2017). 

The 1960s marked the beginning of 3D models. At that stage, 3D modelling 

was reserved only for computer engineering and automation professionals. 

Instead, they worked with mathematical models and data analysis 

(Architectural CGI, 2016). One of the pioneers of 3D graphics is Sutherland, 

the creator of Sketchpad. This revolutionary program helped create the first 

3D objects and significantly made 3D what it is today. Along with his 

colleague, Evans, Sutherland opened the first department of computer 

technologies at the University of Utah (Architectural CGI, 2016). 

Before this computerised technology became available, geologists were 

entirely dependent on mapping and modelling in 2D, using drawings and 
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Geologists at Mponeng Mine assign the following attributes to lines and 

polygons: 

·  Reef type0 

·  Mining level0 

·  Raise line number0 

·  The grain size of rock formation0 

·  Colour0 

·  Rock type0 

·  Stratigraphic position0	���  

·  Stratigraphic colour. 

 

Geologists at Mponeng Mine use Fusion software from Datamine to create 

3D geological models from the above-mentioned geological mapping, 

sampling and drill hole data. 

The geology department is the custodian of the 3D geological and grade 

models for a mine. 3D modelling is crucial in evaluating an ore deposit to 

guide production in the mine planning process. 3D modelling software has 

been used successfully to model thin tabular reef deposits. Although 

negative perceptions about the accuracy of computer-generated 3D 

geological models exist, these perceptions have been critiqued as baseless 

and said to generally stem from a misunderstanding of software applications 

(Johnstone, 2003). Multi-dimensional modelling software should 
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complement traditional mapping techniques, thereby improving the 

professional output of geologists in the mining industry (Johnstone, 2003). 

A study at Namibia's Navachab Gold Mine showed that 3D implicit modelling 

reduces user-based modelling bias by generating open or closed surfaces. 

It uses geochemical, lithological, and structural data without requiring 

manual digitisation or linking. Instead, mathematical interpolation is used to 

visualize patterns and trends in large drillhole datasets. This research also 

proposed that examining existing drillhole datasets using 3D implicit 

modelling is a powerful tool for spatial analysis of mineralisation patterns. 

Furthermore, when used in conjunction with fieldwork, this approach can 

potentially improve the structural understanding of various ore deposits 

(Vollgger, et al., 2015). 

Mponeng Mine, previously owned by AngloGold Ashanti, was acquired by 

Harmony in October 2020 (Harmony, 2022). After the holding period of three 

months elapsed, Harmony implemented new systems and software at 

Mponeng Mine. Harmony's software was upgraded across various mines to 

meet the requirements of the different software companies. Consequently, 

block model calculations were processed much faster. In addition, 3D block 

modelling enables the combination of separate data sets that can be 

analysed and updated. As a result, the block models are more realistic and 

can be updated based on information from ongoing drilling (Fallara, et al., 

2006). 
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Traditional wireframing requires a good understanding of the ore body and 

demands more significant manual labour and interpretation of the ore body. 

On the other hand, implicit geological modelling involves a single 

mathematical function capable of determining the structural composition of 

the ore body. Therefore, the mathematical function decreases the time 

needed for creating 3D block models (Birch, 2014). 

Geological modelling software used in South African  mines 

The most common block models in the mining industry are Datamine, 

Vulcan, Surpac, Micromine and MineSight (Poniewierski, 2019). The British 

Geological Survey developed the G-EXEC relational database 

management system in the 1970s. “The G-EXEC system consisted of an 

integrated collection of applications built around a relational database 

engine. The first was operational in 1973 and served the needs of its 

geological users for over ten years” (Resources Computing International 

Ltd, n.d.). Datamine has used the G-EXEC system since its establishment 

in 1981 (Poniewierski, 2019). Datamine software is used for accurate 

resource modelling and reporting for large and small deposits on all 

commodities (Datamine, 2021c). 

Surpac clusters identical blocks until further grouping is impossible. The 

effect is smaller model sizes. Surpac uses an exact method for sub-

blocking, resulting in parent blocks in fractions of a half, quarter, eighth and 

so forth. It is also necessary to specify the sub-blocking size during block 
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model creation. The actual division of parent blocks only occurs when more 

detailed data is required. The result is that a Surpac block model always 

uses the minimum blocks possible. 

For this reason, a Surpac block model can be much smaller than a Datamine 

block model. Conversion between Surpac and Datamine block models is 

possible when the data is available in comma-separated values (CSV) 

format. A CSV “file is a text file with a specific format which allows data to 

be saved in a table structured format” (Google, 2022). It is possible to 

convert a Surpac block model into Datamine format using Deswik software 

(Poniewierski, 2019). 

MineSight block models use a whole block modelling system, meaning no 

sub-celling is present. This method allows extensive mines to be modelled 

within computing memory and storage limitations at the time. In addition, 

this method identifies the percentages of the block within geological domain 

contacts. Sub-blocking/sub-celling have been available in MineSight since 

2013, which generates an additional file associated with the 3D block model 

for sub-blocked items and areas (Poniewierski, 2019). 

Here are the differences between the different types of block models: 

·  How sample grades are interpolated/ extrapolated into a block used 

to populate the blocks within a block model0 
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·  It may be possible to estimate within a bloc)0	���	�+��!���	 it is 

possible to estimate the magnitude of a sample by weighing four 

sampled points placed around it0	���  

·  The physical constructed blocks represent the size and rotation of 

blocks (Poniewierski, 2019). 

 

The following are different types of geological block models: 

·  Inverse distance models0 

·  Ordinary Kriged models0 

·  Linear versus non-linear methods0 

·  Multiple Indicator Kriged models0 

·  Localised indicator Kriging / Uniform conditioning0 

·  Conditional Simulation models0 

·  Gridded seam models0	���  

·  Harvest with Advanced Regeneration (HARP) models 

(Poniewierski, 2019). 

Geological modelling software used at Mponeng Mine 

The Mponeng Mine facilitates communication between the production team 

and the MRM department. It is then the daily responsibility of the mine 

overseer to communicate guidance from the geology department back to 

the miners. Geological mapping reports are available to the production team 
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on a central system, Syncromine. Geological instructions are uploaded on 

Syncromine, and mining teams must acknowledge when they have read the 

instructions. This way, the geologist can keep track of the information flow 

between the Geology and Mining departments. 

Mponeng Mine uses two software packages from Datamine to create two-

dimensional block models, namely Strat3D and Fusion. The Strat3D 

software automatically builds a structural model from drillhole and seam 

description data (Datamine, 2019). 

A geostatistical method interpolates data points taken at different locations. 

Sample points are measurements from correlating attributes, for example, 

reef type, elevation and rock type. The main interpolation techniques are 

deterministic and geostatistical. “Deterministic techniques use 

mathematical functions for interpolation. On the other hand, geostatistics 

relies on both statistical and mathematical methods, which can be used to 

create surfaces and assess the uncertainty of the predictions” (Esri, 2021). 

The Fusion software stores all the geological information that informs 

Strat3D, including the following geological aspects: “completely 

configurable templates that capture all geological, geotechnical, 

geophysical, geochemical, downhole survey, mapping, quality assurance 

and quality control (QA/QC) and sample data” (Datamine, 2021b). 
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1.10 Section Summary 

From the literature review above, it is clear that accurate 3D modelling plays 

a critical role in determining resource estimations and mining costs. The 

current geological mapping approach (tapes and clinometers) makes it 

difficult and time-consuming to put geological mapping into a format suitable 

for the 3D geological model or even to display on the digital plans used 

during the planning sessions. Accurate 3D geological models increase the 

precision of mining and, therefore, higher gold grade if mining takes place 

according to plan. The accuracy and prediction of mining are further 

improved when these models are provided more frequently, specifically 

before blasting commences. 
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THREE-DIMENSIONAL SCANNING 

1.11 Section Overview 

The first 3D scanners, developed during the 1960s, used lights, cameras 

and projectors to scan objects for research and design. The first 

computerised model was created using a contact probe in the 1980s. A 

probe is a 3D contact scanner at the end of an articulated mechanical arm. 

“The arm may be robotically or manually manipulated over the part's 

surface. As the probe contacts the object's surface, the scanner records the 

X, Y, Z position of the probe by taking positional measurements of the 

armature” (Ebrahim, 2011, p. 9). As scanners evolved after 1985, they 

became capable of capturing surfaces using white light, lasers, and 

shadows. The development of optical technology using light began in the 

mid-1990s. Compared to prior scanning technologies, this technology was 

much faster. In 1994, REPLICA, which uses the laser stripe scanning 

method, was launched. See Figure 0-1. 
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� � � � � � � � 	  Equation 1 

Where c is the speed of light and t is the time of flight 

(Moberg, 2017). 

 

The Leica Geosystems time-of-flight 3D laser scanner, ScanStation 2, can 

scan at a maximum instantaneous scan speed of 50,000 points/second 

(Diversified Communications, 2022). 

3D laser scanners that use the triangulation method use laser light to probe 

the environment. 3D laser scanner technology shines a laser on an object 

that uses a camera to look for the location of the laser dot. The laser dot, 

camera and emitter form a triangle, hence the term ‘triangulation’ (Ebrahim, 

2011). The diagram in Figure 0-2 illustrates the concept of triangulation. 
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1.11.1 Laser scanners 

3D laser scanning produces detailed and accurate measurements for 2D 

drawings and 3D models of land, buildings, and objects (E-Architect, 2020). 

 

Figure 0-3: 3D laser scanning of land, buildings and objects (E-Architect, 

2020). 

1.11.2 Structured optical light scanners 

Structured-light 3D scanners project a pattern of light onto a subject. A liquid 

crystal displays (LCD) projector or a multi-laser projects the line onto the 

subject. “An LCD projector is a type of projector based on liquid crystal 

displays which can display images, data or video” (Techopedia Inc., 2022). 

A camera placed slightly away from the pattern projector observes the 

shape of the line, using the triangulation technique to calculate the distance 

from each point on the line. Structured-light 3D scanners scan multiple 

points simultaneously, thus reducing distortions caused by motion. Figure 

0-4 is an example of a structured optical light scanner. 
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plan medical, surgical, and radiation treatments. Figure 0-7 shows a CT 

scanner. 

 

Figure 0-7: Computerized tomography (CT) scan (Canon medical systems 

USA, inc., n.d.). 

1.11.5 Magnetic resonance imaging scanners 

Magnetic resonance imaging (MRI) scanners produce 3D detailed 

anatomical images. Living tissues contain water that contains protons 

whose rotational axis constantly changes. Sophisticated technology 

measures this change (Medical Device Network, 2022). 

Powerful magnets produce a strong magnetic field that forces protons in the 

body to align with the magnetic field. A radiofrequency current stimulates 
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protons, causing them to spin out of equilibrium, straining against the 

magnetic field. The MRI sensors detect the energy released as the protons 

realign with the magnetic field once the radiofrequency field is turned off. 

“The time it takes for the protons to realign with the magnetic field, as well 

as the amount of energy released, changes depending on the environment 

and the chemical nature of the molecules” (Medical Device Network, 2022). 

This allows physicians to detect and diagnose illness. Figure 0-8 is an MRI 

scanner developed for neurological and musculoskeletal imaging functions 

(Medical Device Network, 2022). 

 

Figure 0-8: SIGNA 7.0T, a magnetic resonance imaging (MRI) scanner 

(Medical Device Network, 2022). 
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1.12 Scanning methods 

Figure 0-9 summarises the different scanning methods. 

 

Figure 0-9: Summary of the different scanning methods (Moberg, 2017). 

During the process of photometric scanning, a single hand-held camera can 

capture several overlapping images of an object to analyse the shadows 

and the “surface normal” determined. With surfaces normal, computer 

software can recreate objects in three dimensions and with surface textures 

of high quality (Moberg, 2017). Photometric scanning requires four different 

software steps: 

·  Micro-controller code written in C for 3d scanning0 

·  Raspberry Pi code is written in Python or 3d scanning0 

·  Raspberry Pi code is written in Python for mapping image pixels to 

sample points0	���  

·  Merging and meshing clouds in open-source software (Moberg, 

2017, p. 22). For example, CloudCompare computer software can 

recreate the object in three dimensions and with surface textures of 

high quality (Moberg, 2017). 
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in poor visibility caused by dust, haze, rain and snow, see Error! Reference 

source not found.  (RIEGL Laser measurement systems, 2020). 

1.12.1 Point clouds 

Point clouds create 3D surfaces from scanned objects. “Point clouds are 

often converted to polygon mesh or triangle mesh models or CAD models 

through a process commonly referred to as surface reconstruction” 

(TrebuRa, et al., 2018, p. 5). Figure 0-24 is an example of point clouds of a 

scanned building.   
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Figure 0-24: Point cloud of a scanned building (Trebu?a, et al., 2018). 

The point set registration process allows the alignment between point 

clouds and 3D models (TrebuRa, et al., 2018). “CloudCompare is a free & 

open-source software package that allows the 3D registration of point 

clouds based on (at least) 3 known points” (Rock Mapper Helpdesk, 2022). 

Align point cloud based on known points using the [FaceID]_pointcloud CSV 

file from a 3D scan. “CloudCompare automatically detects the correct 

columns for X/Y/Z and RGB (colour)” (Rock Mapper Helpdesk, 2022). Once 

the [FaceID]_pointcloud CSV file is opened in CloudCompare, a window 

appears that allows picking a minimum of three known points for 
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georeferencing on the point cloud0	�his is referred to as “to align entities”. 

The picked points will be shown as A0, A1 and A2 in 3D and in a table0	see 

Figure 0-25. 

 

Figure 0-25: Picked points are shown as A0, A1 and A2 in 3D and in a 

table CloudCompare software (Rock Mapper Helpdesk, 2022). 

The next step is to enter surveyed reference coordinates of points A0, A1 

and A2 in the table with the heading “show reference entities” reference 

point coordinates are numbered R0, R1 and R2, see Figure 0-26 (Rock 

Mapper Helpdesk, 2022). 
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Figure 0-26: Reference point coordinates (Rock Mapper Helpdesk, 2022). 

Once the align button is pressed, the point cloud will be aligned to match 

the reference point coordinates (Rock Mapper Helpdesk, 2022). Both 

publications by Morris and Langari (2012) and Yashchuk (2009) note that 

all the calibrations and specifications of an instrument are only valid under 

specific, controlled environmental conditions – dependent on variables such 

as temperature, pressure and humidity. Environmental changes affect 

instruments: zero drift and sensitivity drift (Morris & Langari, 2012). Zero drift 

can be corrected by recalibration of the scanning instrument. Manufacturers 

usually calibrate laser scanners and recommend that users re-calibrate 

them regularly (Mijic, 2015). Sensitivity drift measures the error per each 

environmental constraint to which the instrument characteristics are 

sensitive (Morris & Langari, 2012). It is possible to reduce drift error by 

ensuring that scanning occurs within the range of the scanning instrument 

(Wang, et al., 2021). 
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ground points (after the classification process) using Global Mapper 

software (Septarini, et al., 2013). The “Unsigned Subtraction” method 

(positive numbers) (O’Reilly Media, Inc., 2022), was used to compare the 

volume difference between the DTMs between 2010 and 2012. Global 

Mapper and Surfer software were used to compare the result from the 

volume of the mine excavation in 2010 and 2012. Point cloud cleaning was 

done to eliminate spikes in the DTM (Septarini, et al., 2013) to ensure an 

accurate volume calculation. The point data was classified into two main 

groups: ground and non-ground. “The orange points mean ground points, 

and the white points mean non-ground points” (Septarini, et al., 2013, p. 5). 

In this instance, non-ground classified points may represent vegetation and 

the black points unclassified data in the data set (Prerna & Singh, 2015). 

Figure 0-29 display data from 2010 and 2012. 
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Table 0-1: Volume calculation using Global Mapper and Surfer (Septarini, 

et al., 2013). 

 Software  

 Global Mapper v14 
(m³) 

Surfer v10 
(m³) 

Volume Difference 
(m³) 

Cut 
Volume  101,931 101,938 6.3 

Fill 
Volume  

0.2 0 0.2 

 

The result of the scan is primarily used to report the volume of blasted rock. 

Scans are captured before and after blasts to calculate the volume of 

blasted rock, and therefore, the advance of excavations can be determined 

once the blasted material has been removed (Ahamad & Ojha, 2015). In 

addition to the advantage of calculating volume from excavations, 

geological and geotechnical mapping are also available from the scans. 

Because scans do not take long to capture in the workplace, this has an 

added safety aspect as mine personnel can spend less time on the face and 

thus reduce the probability of accidents and injuries. This is possible as 

technology has enabled remote scanning of workplaces (Ahamad & Ojha, 

2015).  
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1.13.2 3D Scanning in an underground room-and-pilla r limestone 

mine in South Korea 

Daesung MDI Donghae Limestone Mine is in Donghae-si, Gangwon-do, 

South Korea. Daesung MDI Donghae Limestone Mine is an underground 

operation that uses a hybrid room-and-pillar mining method. The case study 

aims to determine if it is possible to maximise ore recovery while ensuring 

the stability of stopes by using horizontal and vertical safety pillars. This 

limestone mine used 3D LiDAR scanning technology to analyse the 

orientation of a joint in a vertical safety pillar (Lee & Choi, 2019). 

The 3D point cloud data obtained from the 3D LiDAR scan made it possible 

to measure the dip directions of joint sets. The study collected data on 79 

joints with distinctive orientations from the entire stope area under 

investigation (Lee & Choi, 2019). 

1.13.3 Using laser scanner face mapping to improve geotechnical 

data confidence at Sishen Mine, an iron ore open-pi t mining 

operation 

Sishen Mine is a large open-pit mining operation in South Africa that 

requires reliable geotechnical data to design and evaluate pit wall stability. 

The primary data sources to achieve this are “geotechnical borehole data, 

face mapping data, geotechnical laboratory testing data and implicit 

structural models” (Russell & Stacey, 2019, p. 11). Face mapping has 

traditionally been done via direct contact with the face through a technique 
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(Russell & Stacey) determined that the laser scanner would give reliable 

roughness measurements for discontinuity traces greater than 2 m in length 

for typical scan ranges between 50 m and 200 m. The research showed that 

scanner inaccuracy would prevent the reliable measurement of discontinuity 

roughness for shorter traces in instances where the height of the surface 

irregularities is less pronounced (Russell & Stacey, 2019). At Sishen, the 

Micromine 3D modelling software package has been adopted to analyse 

designs and incorporate spatial geotechnical data into the design and 

analysis process (Russell & Stacey, 2019). 

The literature from Sishen Iron Ore Mine showed that the terrestrial laser 

scanner provides a practical, faster and safer way to collect face mapping 

data. The results obtained from the terrestrial laser scanner were compared 

to manual techniques and a stereo photosystem such as Sirovision (Russell 

& Stacey, 2019). The system is safer and allows inaccessible rock faces to 

be mapped because no contact with the face is needed. The photographic 

overlay of the 3D mapping face was an accurate means of interpreting 

structural and rock mass features on the underlying scan surface (Russell 

& Stacey, 2019). 

The terrestrial laser scanner system at Sishen Mine has proved invaluable 

for geotechnical data capture, geotechnical hazard assessment and 

structural mapping. The laser scanner also makes the rapid collection of 

data possible when surface support such as wire mesh or shotcrete is to be 

applied to the rock face soon after excavation. Russell and Stacey were 
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confident that the additional data the laser scanning made available would 

enhance the quality of designs and reduce risk accordingly. They, therefore, 

regard the scanner as “a tool of strategic importance” (Russell & Stacey, 

2019, p. 20). 

1.14 Section Summary 

3D laser scanning offers more advantages to the mining industry, which, as 

discussed, will improve the overall accuracy and efficiency of mining. This 

is primarily due to the reduced time taken to capture large surface areas 

and the geological mapping process not being dependent on traditional, less 

accurate mapping methods. Geospatial data are also stored on a digital 

system whereby the data is always readily available to all production team 

members. Monitoring the flow of blasted ore becomes a traceable process 

with higher accuracy, increasing ore grade estimations and affecting profit 

calculations. The frequency of scanning and surface mapping is increased 

when utilising 3D scanners. This means that the entire pre-blasting planning 

and preparation process could be accelerated. As per the case studies, 3D 

scanning systems commonly used on open pit mines are suitable for the 

narrow, tabular stopes found on Mponeng. 
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RESEARCH METHODOLOGY 

1.15 Section Overview  

The quantitative and qualitative research methodology aimed to investigate 

using a cost-effective 3D LiDAR scanner for underground use. The primary 

purpose of this scanner will be to capture underground geological mapping 

information without interrupting production. Furthermore, the data captured 

underground should be distributable among relevant stakeholders0 the data 

is processed as soon as an employee returns to the surface. Therefore, 

finding a fast and easy mechanism to share the scanned underground 

geological mapping information with the production team was essential. The 

reason for this is to guide the production team on SW control. 

The priorities used to guide the weighting between device suitability and 

appraisal of performance in the testing phase are introduced in this chapter. 

The initial approach was developed during the research to short-list eligible 

hardware and software. A literature survey process supports evaluating the 

short-listed laser scanner hardware and software. 

The research describes applied data collection methodologies and then 

discusses how the collected information is analysed. Finally, the results 

illustrate obstacles encountered during the research. 
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1.15.1 Priorities of the Research Criteria 

The following criteria were applied in the short-listing and the identifying of 

the choice of a laser scanner for the practical underground conditions of 

narrow tabular mining: 

·  Ease of use.  The scanner must be used daily to acquire and share 

information productively. The buy-in and willingness of underground 

personnel to use the device optimally was an additional and 

important consideration0 

·  Accuracy and quality of laser scanners.  It is vital to build the 3D 

block model from accurate information. Therefore, the 

manufacturer's acc�����	
!�����������
	���	��	��	���
������0	���  

·  Cost of 3D scanners and software.  The evaluation included the 

financial outlay of purchasing and maintaining the laser scanning 

system, which would consist of software and the cost of software 

upgrades. 

Cost played an important factor since the project was in the test phase. It 

was essential to keep all costs as low as possible to ensure that 

underground use of the proposed 3D LiDAR scanner was accepted upon 

presentation of the research results. Therefore, the availability of tools and 

devices dictated research feasibility, the research intended to find 

technology that could be advantageous to both the production and geology 

disciplines. 
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The production department may benefit from the use of non-georeferenced 

scans. Non-geo-referenced scans and the reef widths can be compared to 

each other to identify grade dilution. The scanning will enable the production 

team to scan the workplace during the underground shift, plot daily 

advances, plan equipment and complete legal documents such as safety 

reports while underground. This may help reduce extra surface time, which 

is additionally desirable as computers are limited for the use of shift boss. 

The scans may also indicate substandard cleaning of stope panels and 

include a record of roof support for safety standard reporting. 

However, the primary goal is for the geology department to use geo-

referenced scans to digitise the underground stope mapping directly onto 

Deswik CAD. This mapping will then update the 3D geological block model. 

This will ease the workflow and help proactive action towards better 

controlling the SW and grade dilution. 

1.16 Deliberation of Devices and Methods 

Before conducting a literature review to compile a short list of 3D scanner 

technologies, the current devices used for 3D mapping underground on the 

Mponeng Mine were reviewed. The following total stations and electronic 

distance measurement (EDM) capabilities are the primary items of 

equipment investigated in this project: 

·  South Total Station - N7�	�	!������	����	Q$($	(�
�������
0	���  
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·  TS07 3 R500 Total Station, produced by Leica Geosystems 

Additionally, information on traditional measuring (using tapes), map 

processing and software requirements (including file formats) currently used 

for integration with the 3D block model were compiled. Finally, it was 

necessary to determine if the proposed research methods and shortlist of 

alternative scanners would benefit Mponeng Mine. It was also essential to 

ensure that shortlisted alternative scanners would yield a smooth integration 

of the workflows discussed in Chapter 6. 

Three devices were short-listed according to the prerequisite criteria for the 

practical use of a 3D scanner underground. The prerequisite criteria 

consider range, accuracy, weight, ease of use, safety, durability and cost-

effectiveness. The devices are listed as follows: 

·  Structure Sensor Mark II, built by Occipital, a spatial�computing 

company, see Figure 0-10 

·  The non-cellular Apple iPad Pro is 11-inch with Wi-Fi and 256 GB 

storage capability, see Figure 0-20 and 

·  Apple iPhone 13 Pro Max with Wi-Fi 128 GB storage capability0	
��  

Figure 0-3. 
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Photogrammetry 3D scanning technology is the process whereby photos of 

a 3D object are stitched together with software to produce a 3D model that 

represents the colour and texture of the scanned object (Aniwaa Pte. Ltd., 

2021). Another significant influence in the decision-making process was the 

total cost of the applications. Therefore, they were purchasing these 

applications. The costs that apply when exporting 3D scans, as well as the 

cost of additional software requirements (that is, other apps necessary for 

data manipulation, display and conversion. Furthermore, the file formats in 

which exportable data becomes available must be compatible with 

Mponeng’s established software. Finally, data storage and scan-capturing 

mechanisms were noted, as some applications may require an internet 

connection. 

1.16.1 Current technologies used at Mponeng Mine 

Total Stations 

Mponeng Mine currently uses two types of Total Station. They are the South 

Total Station - N7 from V.I. Instruments and the Leica TS07 3” R500 Total 

Station from Leica Geosystems to survey underground workings for 

depletion calculations of the reserve block model. Mine surveyors go 

underground daily to survey development ends that have been blasted. 

Mine surveyors also survey stope panels during the month, and a final 

measurement is reported for payment purposes. Both the development and 

stope advances are plotted on Syncromine software. The mine surveyors’ 

scans are exported in the form of points. Once the mine surveyor has 
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downloaded the scanned points, they connect them manually to determine 

the outlines of excavations. 

The South Total Station - N7 device measures an ultra-fast speed of under 

three seconds in fine mode over 600 metres. It works with a rechargeable 

lithium battery that lasts six hours in temperatures ranging from -20° Celsius 

to 50° Celsius. The dimension of the Total Station is 196 mm x 192 mm x 

360 mm, and it weighs 6.2 kg. The accuracy of scans is ± (3 + 2 ppm x 

Distance) mm (South VI Instruments, n.d.). Figure 0-4 is an image of the 

South Total Station - N7. The cost of a new Total Station is currently R 145k 

(V. I. Instruments, 2022). 
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Figure 0-4: Total Station N7 (South VI Instruments, n.d.). 

The Leica TS07 3” R500 Total Station typically measures at the speed of 

2,4 seconds in precise mode over a range of 3,5km. It works with an 

exchangeable lithium battery. The GEB361 model battery for the TS07 has 

an operating time of up to 30 hours. The GEB331 model battery has a 

working time of up to 15 hours. It can withstand temperatures between -20° 

Celsius and 50° Celsius. The Total Station weighs between 4,3kg and 

4,5kg. The accuracy of scans is 1,5 ppm (SCCS Survey, 2015). Figure 0-5 

is an image of the TS07 3” R500 Total Station. The cost of a new Total 

Station is currently R 200k (Leica-geosystems, 2022). 



8'  

 

��������	/��4��2�-A�</���4
���������
����  �����6�� ��"�
/#!  

�
	 �	 
������	 �����	 �����
	 <�1	 S	 B�%	 N�	 6#..#	 #����� �	 %&219�	 ���
�	

��
�������
	 "���)��	 ������	 ��	 ������
	 ���	 �����	 ��� �	 ��	 �����$	 ��	

�!�����	 �����	 �����������	 ����
!��������	 ��	 ������� ���	 ������������	 �
	



84 

not always available. As a result, survey equipment must be carried to and 

from worksite locations. Travelling distances are often more than 4 km one-

way, and accessing workplaces usually involves climbing through steep 

areas or through confined spaces. Large, heavy equipment can therefore 

be cumbersome to carry into workplaces. Choosing the most suitable 

instrument also requires consideration of the vertical angle measurement 

capability of the instrument, which makes observations over certain 

angles/degrees impossible and complicates checking backsight pegs. This 

poses a problem in confined excavations, for example, box holes/ore 

passes, steep raises and stope panels. 

Deswik CAD software used at Mponeng Mine 

Mponeng Mine uses Deswik CAD to capture and export geological mapping 

information. Deswik CAD supports a wide variety of file formats. The file 

formats of interest to the research were OBJ, DXF and DWG. 

“Deswik Mapping is a Microsoft Windows tablet application that allows 

geologists to create geological maps and photography in their underground 

workplace” (Anderson & Gall, 2020, p. 4). Figure 0-6 shows a face section 

scanned and mapped on a tablet using the Deswik Mapping application. 
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measurements in notebooks. Once the geologist is on the surface, they plot 

the measurements in Deswik CAD on a flat surface at the correct elevation 

(Z). This information is fed into the 3D geological model. The geologist's 

photographs of the stope face underground are used in the mapping report 

to explain and show the position of the CW with the hanging wall and 

footwall of the stope panel0 the norm is to use two to four photographs. 

Unfortunately, photographs are not an accurate representation of the 

complete stope panel. In addition, the next blast may result in the loss of 

valuable geological data of the stope panel in 3D space. 

1.16.2 Technologies investigated in the research 

Occipital Structure Sensor (Mark II) 

The Occipital Structure Sensor (Mark II) is an upgrade of the original 

Structure Sensor (TC Join TechCrunch, 2021). The Occipital Structure 

Sensor (Mark II) scanner in the medical field captures 3D models of any 

body part for custom-fit prosthetics. (Occipital, Inc., 2021f)The Canvas 

application, which uses Apple LiDAR devices, can capture small and 

medium-sized residential rooms but not extensive industrial facilities. 

(Occipital, Inc., 2020c). Therefore, Occipital Inc. recommends using 3D 

LiDAR-based scanners when scanning extensive industrial facilities is 

required (Occipital, Inc., 2020c). 

In Figure 0-8, this scanner is a hardware fitting for an iPad and is powered 

by the fitted mobile device's iPhone Operating System (iOS). 
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Figure 0-8: Occipital Structure Sensor (Mark II) (Birch, 2021). 

The scanner sensor projects an infrared (IR) speckle pattern to the scanned 

object(s). Once it reaches dark and reflective objects, the pattern distorts, 

this technology application is called structured light (Occipital, Inc., 2020c). 

Black objects absorb the IR laser emissions and as a result, lasers emitted 

by this device reflect randomly, causing objects or features to disappear. 

Some users have solved this problem by applying paint or powder to the 

scanned objects to help the sensor capture depth information (Occipital, 

Inc., 2020c). 

The Occipital Structure Sensor (Mark II) scanner is a lightweight, portable 

wireless device that can accurately scan within +/- 4 mm at 40 cm (Rodin4D, 

2021). An accelerometer and gyroscope are built-in to track 3D scans more 

effectively (3D Scan Expert, 2019). This scanner’s infrared technology 

(Class 1 laser) is widely recognised in the industry for its safety, ease of use 

and outstanding performance (Rodin4D, 2021). For either indoor or outdoor 

scans, it is recommended that the scanner be used within a range of 0.3 m 

to 5 m (Occipital, Inc., 2020d). 
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The Occipital Structure Sensor (Mark II) price is approximately R10,800 as 

of November 2021 (3D Printing Systems South Africa, 2021). As per the 

above review, obstacles in obtaining accurate quantitative results were 

foreseeable. Therefore, this option was flagged for a preliminary qualitative 

test to measure the feasibility of using this hardware. Occipital, Inc. 

manufactures Room Scanner, Occipital Canvas, and Room Capture. All 

these applications were investigated before DigiMine simulations were 

performed. However, in underground use, the Occipital Structure Sensor 

(Mark II) is more difficult to protect because it is attached to the iPad. As a 

result, the scanner would be more likely to be damaged. 

For the Occipital Structure Sensor (Mark II) to be usable, the ‘Structure 

Sensor Calibrator application from Occipital Inc. needs to be downloaded 

(Art.Illinois.edu, 2021). Occipital, Inc. developed the first ‘Scanner’ 

application for the Occipital Structure Sensor (Mark II) to capture objects in 

3D with an application size of 18.9 MB. 

The application is compatible with iPhone, iPad and iPod touch. An iPad 

would require iOS 10.0 or a later operating system version for this 

application to be operable. Scanned objects can be shared via email in 

‘Object File format’ or ‘Polygon Model File’ (Apple Inc., 2021b). 

Object files provide parallel views of a file's contents from program linking 

and execution. An executable and linking format (ELF) “header resides at 

the beginning of an object file and holds a road map describing the file's 
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organisation” (Oracle Corporation, 2010). The layout of an 'Object File 

Format' (Table 0-1) consists of 'Program Linking View' data and 

corresponding 'Program Execution View' data. Table 4 shows how the data 

between the 'Program Linking View' data and 'Program Execution View' 

data compare for linking purposes. As a result of this linking process, an 

OBJ image file can be viewed in 3D software, such as Microsoft 3D Builder. 

Table 0-1: Object File Format (Oracle Corporation, 2010). 

Program linking view Program execution view 

ELF header ELF header 

Program header table (optional) Program header table 

Section 1 
Segment 1 

… 

Section n 
Segment 2 

… 

… … 

Section header table Section header table (optional) 

 

Figure 0-9 illustrates the result of an OBJ file open in Microsoft 3D Builder. 
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Figure 0-9: OBJ file open in Microsoft 3D Builder (Sharpened Productions, 

2021h). 

Polygon Model File Format (PLY), also known as Stanford Triangle Format, 

originated at the Stanford Computer Graphics Laboratory in the 1990s. Due 

to the origin of the PLY file format, the PLY format is sometimes referred to 

as the Stanford Triangle Format or Stanford PLY. A polygonal model was 

initially created using 3D laser triangulation. PLY files describe only a single 

object in a format that is general enough to be usable by a wide range of 

software (Digital Preservation Home, 2020). Table 0-2 shows the list of 3D 

software that supports the PLY file format. 
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Table 0-2: 3D software that supports PLY file format (CGI Furniture, 2022). 

 
3D file format 

STL Stereolithography File 

3MF 3D Manufacturing Format 

3DS 3D Studio is the native file format used by 3ds Max 

MAX 3ds Max format 

OBJ Object File 

COLLADA  COLLAborative Design Activity 

VRML Virtual Reality Modelling Language 

X3D X3D supports geolocation and multi-texture rendering 

STEP Standard for Exchange of Product model data 

FBX Filmbox 

 

PLY file format is a 3D file format that stores graphic objects in ASCII and 

Binary format to allow compact storage and faster saving and loading times. 

Vertices and faces represent the core of a PLY file with coordinates in three 

dimensions with x, y and z properties. In addition, PLY files describe 

properties, for example, colour and image of surface materials. 

Furthermore, the PLY format can store a point cloud, a collection of vertex 

elements without the specification of faces connecting them (Digital 

Preservation Home, 2020). 

Figure 0-10 is an example of the file structure of a PLY file format. 
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The ‘Room Scanner application’, ‘Occipital Canvas’ and ‘Room Capture 

applications were downloaded for use in the qualitative research method 

are described in detail below. 

‘Room Scanner’ application  

Structure SDK, 1.2 for iOS, was released on 13 July 2021 with a "Dark 

Object Pre-set that enhances depth in scenes containing dark, shiny objects 

(Occipital, Inc., 2020a). With this application, it is possible to retrieve 

textured 3D scans of objects and rooms - see Figure 0-12 (Occipital, Inc., 

2020a). 

 

Figure 0-12: Scanned object and room by the ‘Scanner’ application 

(Occipital, Inc., 2021e). 

It is also possible to calculate volumes of scanned objects (Occipital, Inc., 

2021e). The ‘Room Scanner’ application is user-friendly because no formal 

training is required to use the scanning application. However, this 

application is not suited for large areas and only scans accurately at less 

than 5 m. Scans within a 5 m range are reportedly between 97% and 99% 
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accurate (BeLight Software Ltd., 2021). The accuracy of the ‘Room Scanner 

application is tested by exporting scanned data to a 3D file format and 

comparing measurements from scans with measurements of scanned 

objects (Reality Capture Review, 2018). 

‘Occipital Canvas’  

This free software creates photogrammetric scans of objects and rooms. In 

2017 Occipital Canvas released iOS operating system requirement for 

Occipital Canvas. With ‘Occipital Canvas’, it is possible to get real-time 

measurements from 3D room scans. The ‘Scan to Cad’ service makes it 

possible to convert 3D scans to CAD files (Aniwaa Pte. Ltd., 2021b). With 

the ‘Scan to Cad’ service, 2D floor plans can be available in approximately 

two business days at the cost of less than $0.01 per square metre in the 

following file formats: 

·  AutoCAD (.DWG) (Occipital, Inc., 2021d)0 

·  Revit (.RVT) (Occipital, Inc., 2021c)0	���  

·  Portable Document Format (.PDF) (Aspose Pty Ltd., 2021b) 

(Occipital, Inc., 2021a). 

The main features of Occipital Canvas include: 

·  The application automatically creates floor plans of scanned rooms 

based on measurements collected during 3D scanning0 

·  The cost of converting 3D scans to CAD files is $29 per model0 
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·  User-friendly interface for a more effortless user experience0	���  

·  Email Sharing Service: The 3D scanning app allows users to send 

their 3D scans via email (Aniwaa Pte. Ltd., 2021b). 

The Occipital Canvas application produces accurate measurements of 

scans within 1-2% of manually verified dimensions (Occipital, Inc., 2021b). 

‘Room Capture’ application  

Occipital, Inc. developed the ‘Room Capture’ application for the Occipital 

Structure Sensor (Mark II) to capture a 3D model of an entire room. It 

requires an iPad 11.0 or later operating system and is 18.3MB. The cost of 

downloading and using the application is free of charge. Scans measure 

accurately per the metric system (Apple Inc., 2021a). Figure 0-13 is an 

example of a scanned room from the ‘Room Capture’ application. 
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Figure 0-13: Scanned room by ‘Room capture’ application (Sketchfab, 

2021a). 

‘Room Capture’ is used mainly to scan and edit environments in other 

applications. Scans can be shared, for example, by email in the following 

file formats: 

·  Object File (.OBJ) (Sharpened Productions, 2021h) (mesh, 

����������	'/	�����������	���	��!!���	!����
90  

·  Joint Photographic Experts Group (.JPG) (Sharpened Productions, 

2021e) ����������	��+����	�����������0	���  

·  OBJ Material Template Library File (.MTL) (Sharpened Productions, 

2021g) maps the texture to the mesh (Occipital, Inc., 2020b). 
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The Structure Sensor II is an add-on to the iPad, which makes it vulnerable 

to damage. The Structure Sensor II was tested but found to be unsuitable 

for the intended underground scanning application due to the unavailability 

of a suitable application. 

1.16.3 Apple products with 3D scanner function 

Apple iPad Pro 11 inch 

With the iPad Pro 11-inch released in May 2021, it is possible to perform 3D 

LiDAR scanning without acquiring additional hardware (GSMArena.com, 

2021a). In addition to the iPhone 12 Pro, the iPhone 12 Pro Max also has 

the scanning capability of up to five metres away. Furthermore, the iPad 

Pro-11-inch also reduces constraints, reducing the possibility of hidden 

overlapping objects (Wilson, 2020). 

The Apple iPad Pro 11-inch (GSMArena.com, 2021a) is 247.6 mm x 178.5 

mm x 5.9 mm and weighs 466 grams. The system runs on the latest iPadOS 

and comes with the following choice of memory: 128GB 8GB RAM, 256GB 

8GB RAM, 512GB 8GB RAM, 1TB 16GB RAM, 2TB 16GB RAM. The Apple 

iPad Pro 11-inch can communicate information via hotspot using Wi-Fi 

without a SIM card (GSMArena.com, 2021a). The Apple iPad Pro 11-inch 

with Wi-Fi and memory of 256GB sells for R18 000 (Pepkor Trading Ltd. 

Pty., 2022). Before the testing phase of the project, a device belonging to 

the University of the Witwatersrand was readily available for research 

purposes. A limitation of the Apple iPad Pro is that the 11-inch size 

specification may seem cumbersome for underground use. In addition, the 
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Apple iPad Pro 11-inch is yet to be proven as either dust-proof or water-

resistant (GSMArena.com, 2021a). 

Apple iPhone 12 Pro Max 

The Apple iPhone 12 Pro Max was launched in October 2020, released, and 

made available for public use in November 2020. The system is dust and 

water-resistant for up to 6 m depth for 30 minutes. The cost of the Apple 

iPhone 12 Pro Max with 256GB memory is R24 999 (iStore, 2022). 

The research focuses on using the Apple iPhone 12 Pro Max’s time of flight 

(TOF) 3D LiDAR scanner for 3D depth technology. In addition, it is possible 

to send and receive data with ease via Wi-Fi or hotspot with the Apple 

iPhone 12 Pro Max. When considering the layout of narrow tabular mining, 

there are space limitations, which decrease the practicality of Wi-Fi for 

underground use and furthermore, Wi-Fi works on the “line-of-sight” 

principle. Therefore, it becomes increasingly difficult to use advanced 

technology dependent with Wi-Fi. A drone-based photogrammetry program 

would be an example of this. This technology would not be feasible to 

implement at the Mponeng Mine because of the extensive excavations and 

the use of advanced technology requiring Wi-Fi (Datamine, 2021a). 

Some phone features worth mentioning are the accelerometer, gyroscope 

and barometer (GSMArena.com, 2021b). The accelerometer measures 

directional movement on three axes. First, it detects the phone's orientation 
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while it measures the linear acceleration of movement (GSMArena.com, 

2021c). Figure 0-14 illustrates the axes of the iPhone accelerometer. 

 

Figure 0-14: The iPhone accelerometer axes (Allan, 2022). 

The gyroscope also measures information on three axes by tracking the 

rotation or twist of the phone while scanning (GSMArena.com, 2021c). As a 

result, the accelerometer and the gyroscope's combined function produce 

scans with fewer distortions. “In practice, that means that an accelerometer 

will measure the directional movement of a device but will not be able to 
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accurately resolve its lateral orientation or tilt during that movement unless 

a gyro is there to fill in that info” (GSMArena.com, 2021c). 

Accuracy testing for specific usage is required0 therefore, manual geology 

mapping will be compared with geology mapping captured from 3D scans. 

A benefit that separates the iPhone from the iPad is that it has a measuring 

application called “Measure”. With this application, it is possible to measure 

objects that would typically be inaccessible. In other words, this application 

helps one get close enough to an object to measure its length and height 

(Gallagher, 2021). 

Apple iPad Pro and Apple iPhone Pro Max application s 

The iPad Pro and Apple iPhone Pro were used to analyse scans 

quantitatively and qualitatively in the research. 

Regulations to be observed 

An employer must comply with the Chief Inspector of Mines' instructions 

when he or she directs the employer to prepare a Code of Practice (COP) 

regarding employee and other health and safety matters (Mine Health and 

Safety Council, 2018). The Mine Health and Safety Act require formal 

written permission from underground mines to use any electronic 

photographic equipment underground (Department of Mineral Resources 

and Energy, 2021). The safety implications involved with a phone were 

considered a possible disadvantage. For this reason, it is essential to 
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establish if it would be safe to use a mobile phone in an underground 

hazardous environment. Underground use of electronic photographic 

equipment requires under MHSA regulations noting and recording the 

results of flammable gas tests in the workplace. “Only double protected or 

intrinsically safe type explosion protected (Ex) Identification Application (ia) 

(Auret, 2010) explosion protected apparatus remains energised where 

flammable gas is more than 1.4% by volume in the air. All other explosion-

protected apparatus must be de-energized at flammable gas concentrations 

above 1.4% by volume in the air” (Mine Health and Safety Council, 2018). 

“The casing for iPhone 12, 13 and 12/13 pro allows you to bring the world’s 

most popular smartphones into hazardous area Ex Zone 1” (ExNor AS, 

n.d.). Consequently, Mponeng Mine will be required to cover the iPhone with 

a protective casing if flammable gas concentrations exceed 1.4% by 

volume. 

Scaniverse an application for a LiDAR 3D Scanner  

The Scaniverse - LiDAR 3D Scanner application is available from the 

Scaniverse - Toolbox AI, Inc. and, according to Apple (2021), can only work 

on the following devices with a LiDAR sensor: 

·  iPhone 13 Pro0 

·  iPhone 13 Pro Max0 

·  iPhone 12 Pro0 

·  iPhone 12 Pro Max0 and 
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·  iPad Pro devices from 2020 onwards (Apple Inc., 2021c). 

 

The Scaniverse - LiDAR 3D Scanner application can create scans of 

objects, interiors and exteriors within a 5 m radius (Thess, 2022). The size 

of the application is 30.9MB and the cost of downloading and using the 

application is free of charge. Scanned objects can be shared via iMessage, 

where they can be viewed in either 3D or Augmented Reality applications. 

For this application to operate, the device requires iPad OS 14.0 and an 

A12 Bionic chip - or later versions, respectively (Apple Inc., 2021c). 

Scanned models can be exported to a variety of 3D file formats, as shown 

in Table 0-3. 

Table 0-3: Scanned models exported to 3D file formats. 

 File Format 

OBJ Object File 

FBX  Filmbox 

LAS Laser File or LiDAR Data Exchange File 

 

Figure 0-15 is a scanned image of a building produced by Scaniverse - 

LiDAR 3D Scanner application. 
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Figure 0-15: Scanned object by the Scaniverse application (Sketchfab, 

2021b). 

3D Scanner App™  

The 3D Scanner App™ application is compatible with iPhones, iPad, iPod 

Touch and Mac. Each of these devices needs LiDAR-equipped Pro models 

to operate with the following or with later versions of the following respective 

operating systems: 

·  �*����	��"����
	�
#	2<$&0  

·  �*��	��"����
	�*��
#	2<$&0  

·  The �*��	�����	��"����
	�
#	2<$&0	���  

·  Mac requires macOS 12.0 (Apple Inc., 2021d). 
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The size of the application is 6.6 MB, and the cost of downloading and using 

the application is free of charge (Apple Inc., 2021d). Scanned objects can 

be shared via iMessage, Augmented Reality and Quicklook by using the 

Universal Scene Description Zipped format (USDZ) (Sharpened 

Productions, 2021m) (iPhoneTricks.org, 2021). Scanned models can be 

exported to the following 3D file formats: 

·  Object File (.OBJ) (Sharpened Productions, 2021h)0 

·  GL Transmission Format (.glTF) (Sharpened Productions, 2021d)0 

·  Binary GL Transmission Format File (.GLB) Developed by The 

Khronos Group (Sharpened Productions, 2021c)0 

·  Digital Asset Exchange (.DAE) (Sharpened Productions, 2021a)0	

and 

·  Stereolithography File (.STL) (Sharpened Productions, 2021l). 

 

The LiDAR function results in dimensionally accurate 3D scans compared 

to manual measurements. It can create 3D scans of objects and interior and 

exterior areas that can be imported into 3D modelling programs, including 

Blender, 3Ds Max, SketchUp, and Maya. Some features of the 3D Scanner 

application include editing and measuring (iPhoneTricks.org, 2021). 
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Polycam application for a LiDAR 3D Scanner 

The Polycam - LiDAR & 3D Scanner application was developed by Polycam 

Inc. and is designed for iPad to capture, edit and share 3D scans. The size 

of the application is 52MB and is compatible with iPhone, iPad (from 2015 

or later), iPod touch and Mac. To operate on these devices, the iPhone and 

iPad would minimally require iOS 14.0 or later. In contrast, the Mac would 

require either macOS 11.0 or a later version, as well as an Apple M1 chip 

(Apple Inc., 2021e). 

The cost of downloading and using the basic Polycam – LiDAR & 3D 

Scanner application is free. On the other hand, the price of the Polycam Pro 

application is R4 600. The Polycam – LiDAR & 3D Scanner application, in 

conjunction with the LiDAR sensor of the device, provides a photo and 

LiDAR mode. With photo mode, 3D models can be created from the images. 

The LiDAR mode makes 3D scans of large objects, for example, buildings 

(see Figure 0-16) and dimensionally accurate spaces without an internet 

connection. 
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Figure 0-16: Polycam 3D scanned model with measurements (Apple Inc., 

2021e). 

Scans can be captured and their processing can be continued later making 

this application efficient. No time is wasted on processing one scan before 

continuing with the following scan. In addition, captured 3D scans can be 

shared on the Polycam community with Polycam Web (Apple Inc., 2021e). 
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The Polycam Pro application is required to export 3D models. 3D mesh data 

models can be exported in the following file formats: OBJ, FBX, DAE, GITF 

and STL. 

3D colour point cloud data models can be exported in the following file 

formats: 

·  Drawing Exchange Format File (.DXF) (Sharpened Productions, 

2021b)0 

·  Polygon Model File (.PLY) (Sharpened Productions, 2021i)0 

·  LiDAR Data Exchange File (.LAS) (Sharpened Productions, 2021f)0 

·  Celestia Sampled Trajectory Data File (.XYZ) (Sharpened 

Productions, 2021n)0	���  

·  PTGui Project File (.PTS) (Sharpened Productions, 2021k). 

 

Blueprints of models can be exported in either Portable Network Graphic 

(.PNG) or Digital Asset Exchange (.DAE) file formats. (Sharpened 

Productions, 2021j) and (Sharpened Productions, 2021a). 

The Polycam Pro application measures accurately within 25.4 mm and has 

manual and automatic measurement tools (Apple Inc., 2021e). Miller, et al. 

(2022) studied the accuracy of LiDAR-captured scans from the Apple 

iPhone 13 Pro and the FARO Focus 3D ground-based scanner. According 

to Miller, et al. (2022) the FARO Focus 3D, ground-based scanners have 

been shown to record accident scenes accurately using LiDAR technology. 
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captured with LiDAR Mode. Since the Photo Mode example shows more 

detail than the LiDAR Mode, this may be a positive contribution to the 

research since the geological mapping scans may offer more information 

on geological features, enabling more detailed geological mapping reports. 

SiteScape is an application for LiDAR 3D Scanner . 

The ‘SiteScape - LiDAR 3D Scanner’ application can only work on devices 

with a LiDAR sensor, available on the iPhone 12 Pro, iPhone 12 Pro Max 

and 2020/2021 iPad Pro (Apple Inc., 2021f) The application is ideal for 

scanning 3D models where accuracy within 2.54 cm is necessary, for use 

in engineering, construction and architecture. The application size is 8.7MB, 

and the app’s download and use are free. Scanned models can be exported 

to “CAD programs including Autodesk Revit, AutoCAD, ArchiCAD, 

Navisworks, Plangrid, BIM 360 and many more” (Apple Inc., 2021f)In 

addition, scanned objects can be shared with a secure link where 3D scans 

can be viewed in any web browser on any device (Apple Inc., 2021f). 

For the SiteScape application to operate on the iPhone, it requires iOS 14.5 

or later and a device with the A12 Bionic chip or later (Apple Inc., 2021f). 

Likewise, the application to operate on the iPad requires iPadOS 14.5 or 

later and a device with the A12 Bionic chip or later (Apple Inc., 2021f). 

SiteScape is a popular LiDAR 3D scanning application for architecture, 

engineering, and construction that are accurate within 2.54 cm. With 

SiteScape, it is possible to export scans seamlessly to CAD programs such 
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as Revit, AutoCAD, ArchiCAD, Sketchup, Navisworks, and Revizto (Apple 

Inc., 2021f). 

Most mesh-based 3D model formats are captured as cloud point data, and 

scans can only be exported in the following file types: 

·  *������	�����	����	6$*AU90  

·  :��	�13	����	������	
!�������	��	�#:�	�%8&3	
������ �	6$�1390	�� d 

·  Rich Chart Builder Project format (.RCP). 

1.16.4 Software short-listed for scan analysis 

The software considered to be used to analyse scan results for the research 

were: 

·  ��
����0  

·  Deswik CAD0 and 

·  CloudCompare. 

 

Several of the hardware applications indicated compatibility with Deswik 

CAD. As Mponeng Mine uses Deswik CAD as its main CAD package, 

scanners and apps that allow easy data integration with this software was 

considered most desirable. The file formats Deswik CAD supports for 

viewing scans are shown in Table 0-4. 
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Table 0-4: Supporting file formats - Deswik CAD for viewing scans 

 
File Format 

LAS Laser File or LiDAR Data Exchange File 

OBJ Object File 

PLY Polygon Model File 

STL Stereolithography File 

Finally, CloudCompare software was considered with the most potential and 

suitable for analysing scan results. 

CloudCompare software 

CloudCompare is free software that can be used for educational or 

commercial use. “CloudCompare is a 3D point cloud (and triangular mesh) 

processing software” (CloudCompare, 2020). For the research, 

CloudCompare was initially used to geo-reference scans to fit onto survey 

pegs and measure distances from different file formats to test the iPhone 

Pro Max accurately. It was then realised that Deswik CAD could perform the 

same functionality. Additionally, scans opened in CloudCompare after the 

iPad tests in the DigiMine produced a lesser quality than those opened and 

viewed in Deswik CAD. Therefore, this software option was eliminated from 

the research before underground testing. Deswik CAD was the preferred 

approach to geo-reference scans by fitting them onto survey pegs. 

Table 0-5 shows some of the file formats that CloudCompare supports. 
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Table 0-5: CloudCompare supported file formats (CloudCompare, 2020). 

Open point cloud 

formats 

Manufacturer's 

formats 
Triangular meshes 

ASCII DP OBJ 

LAS Riegl PLY 

E57 FARO STL 

  FBX 

 

Polylines or polygon formats Supported file formats  

SHP Bundler 

DXF Photoscan PSZ 

 

The Bundler Import Tool and associated methods generate orthophotos as 

images or clouds and coloured DTM generation. Bundler Import Tool is 

used for the geometric correction of aerial images and orthophotos from 

multiple images. This software automatically calibrates intrinsic and 

extrinsic cameras from various aerial images (CloudCompare, 2015). 

The PSZ extension is a compressed PostScript format and the PSZ file 

format is compatible with the software and can be installed on the Mac OS 

Windows system platform (File-Extension.info, 2022). 
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1.17 Data Collection and Analysis 

1.17.1 Initial research design 

The research started with a literature review to consider resources and 

methods and a review exercise of what scanners were available. At the time 

of the review, the readily available scanners were the ‘Occipital Structure 

Sensor (Mark II)’ and the Apple iPad Pro, released in 2020. The second 

step was to decide where to test these scanners, in which environment and 

under what conditions. The aim was to try the output of the different 

scanning applications and what influence light may have on the quality of 

scans tested underground at Mponeng Mine. Hence, the intention was to 

try these scanners at the DigiMine at the University of the Witwatersrand. 

The DigiMine is a simulated environment of an underground gold mine. The 

third step was deciding what scanning applications would best suit the 

research going forward. Figure 0-19 shows an illustration of this initial 

research design workflow. 
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The quality and accuracy of the scans, along with considerations of cost and 

ease of use, were to be reviewed, and assessments made as to the value-

add each 3D scanner offered. After comparing and analysing the quality of 

the scans captured with the CloudCompare and Deswik CAD software, the 

best quality scanner and sensor were chosen as the recommended 

software and scanner to obtain the best results. The time taken to capture 

scans at the DigiMine and at Mponeng Mine, along with the maximum area 

to be captured and saved was used to categorise further the value of time, 

cost, accuracy and presentation that specific scanner software offers. 

Finally, the scanner, suitable application, file format and software 

processing were selected and utilised in the last phase of the research. The 

goal was to use the selected scanner to scan stope panels underground at 

Mponeng Mine and then gather scanned information of stope panels after 

the consecutive blasting of these panels. 

The volume of the ore blasted was determined using the selected scanner 

and applications. The output of the scanner’s data and subsequent volume 

calculation were to be compared with the volume measured and calculated 

by the traditional mine survey method of measuring with tapes. 

1.17.2 Actual research workflow 

Several adaptations in the research methodology had to be made to 

overcome obstacles and accommodate unforeseen circumstances. First, 

the Structure Sensor Mark II was tested on surfaces in an office 

environment using all apps listed in Section 4.4.1. This was done to test the 
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scanner and scanning applications' capability in terms of accuracy and 

quality. The software could accommodate the research objectives. 

The scan quality from the Structure Sensor is excellent. There is, however, 

no app currently available that allows scanning areas greater than 10 m���

Canvas is capable, but the files have to be sent to Canvas for processing 

(at a cost). The raw files could not be downloaded directly from the iPad, so 

this was not explored further. The Structure Sensor Mark II was eliminated 

before the next research phase in the underground simulation at DigiMine. 

The Apple iPad Pro 11-inch was available for initial testing in the DigiMine 

on 28th May 2021. The resultant scans were dark, and an additional light 

source was bought and introduced for the research in response to this 

observation. Therefore, it was necessary to attach the light source to the 

Apple iPad Pro 11-inch. This was a practical decision for transporting, 

protecting and using the scanner effectively during the research in the 

DigiMine and underground. The problem was overcome by 3D printing a 

holder to fit onto the iPad Pro. The 3D printed holder made the carrying and 

utilisation of the scanner much better as the operator had better control of 

the scanner. The problem was overcome by 3D printing a holder to fit onto 

the iPad Pro. Scanning was done using the Sitescape and 3D Scanner 

apps, and the processing was done in CloudCompare and Deswik CAD. 

The scanning exercise yielded excellent results, and the device progressed 

to the next research stage. 
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Underground stope scanning was scheduled so scanning and 

measurements via the traditional measuring could occur simultaneously. 

Scanning with the Apple iPad Pro 11-inch was done on the 5th of July 2021 

and 7th of July 2021 during visits to the 113-68-East 5 and East 2 panels of 

the VCR reef, respectively. 

At this stage, Mponeng Mine had realised the value added by scanning 

stope panels. Furthermore, Mponeng Mine purchased an Apple iPhone 12, 

Pro Max, in September 2021, enabling further research to prove the value 

of the Apple LiDAR 3D scanner. 

A scanning exercise was done in three rooms of the Mponeng Mine Survey 

Office to compare dimensions with distometer measurements. This 

accuracy test was performed using the same applications used in the 

DigiMine research exercise with the iPad Pro, with the addition of 

Scaniverse. The outcome of these results is discussed in section 1.20.1. 

Another intention was to compare scans with the Polycam – LiDAR 

scanning app. Unfortunately, Mponeng Mine does not have an account with 

Polycam that could export scans from the iPhone to an outside source (such 

as OneDrive). For this reason, Polycam results could not form part of the 

research. Files were exported to CloudCompare for qualitative examination 

of scans. The results warranted underground testing and are discussed 

under section 1.20.1. This is done to prove accuracy in areas that are 

difficult to access for traditional geological mapping, as well as the durability 
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of the Apple iPhone 12 Pro Max in challenging underground conditions such 

as heat. 

In September 2021, the iPhone Pro Max was tested underground at the 

CLR's 120-80 E1A panel. This scan was repeated less than a month later, 

in October 2022, to determine whether second scans with the same 

technology could provide helpful feedback for the goal of dilution control. 

The outcome of these results is discussed in section 1.22. Finally, the 

research presents workflows for Geological and Production, respectively. 

The Geological Scanning Workflow is the process the geologist will follow 

to capture and report geological information in the scanning process. The 

Production Scanning Workflow is where the production team captures and 

reports production-related information during the scanning process. 

1.18 Section Summary 

The research methodology had to be streamlined to accommodate 

quantitative and qualitative data. During the first phase of the research, 

various specifications of scanners short-listed were considered for use in 

the experimental part of the research. During the next research phase, the 

scanners were tested in a controlled environment (Wits DigiMine) before 

further testing was continued underground at Mponeng Mine. 3D LiDAR 

scans were captured in underground working stopes in real-life conditions 

to test the durability and practicality of the scanner. These scans were 

downloaded to a computer from the scanners and then saved on a central 
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server for all relevant departments to access. With free software 

(CloudCompare), the scans were geo-referenced and pulled into Deswik 

CAD for further use.  
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RESULTS AND OBSERVATIONS 

1.19 Section Overview 

The results and observation chapter discusses the results obtained from the 

different scanners and scanning applications conducted in the quantitative 

and qualitative research exercises. The research exercises with the iPad 

Pro were conducted at DigiMine and underground at Mponeng Mine. The 

aim was to compare the capabilities of the selected scanners and determine 

the best-suited scanning application for Mponeng Mine. 

1.20 Apple iPad Pro 11-inch in the DigiMine at Wits  

In May 2021, the iPad Pro was subjected to testing at DigiMine. The 

DigiMine represents an underground stope panel of a narrow tabular mining 

method. It also has a crosscut tunnel that displays geological features, see 

Figure 0-1.   
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quality of scans due to a lack of illumination of the surfaces to be scanned. 

The observations and solutions designed to overcome this obstacle are 

documented in Section 1.20.1. Secondly, the quality of exported scans was 

used to compare shortlisted software. 

1.20.1 Insufficient light-source illumination 

First, the SiteScape application was attempted in DigiMine at the University 

of the Witwatersrand in ‘Polygon Model File’ format. Unfortunately, as 

demonstrated in Figure 0-3, the first scans of the stope panel were not very 

useful. Therefore, they could not be used to evaluate the app objectively. 
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Solution: Mobile LED video light 

Due to the ineffective scan result shown in Figure 0-3, an alternative light 

source for subsequent scanning was investigated. The decision was made 

to purchase a ‘Mobile LED Video Light with Smartphone Bracket’ to get a 

better result from scans when scanning in the dark. Figure 0-4 shows the 

light source attached to the iPad during scanning.  

 

Figure 0-4: Image of ‘Mobile LED Video Light with Smartphone Bracket' 

(CameraStuff, 2006). 

Figure 0-4 also illustrates the ‘Mobile LED Video Light’ that can be mounted 

onto the iPad with a protective 3D-printed cover to protect the iPad from 

underground conditions. Hence, this problem was used to better prepare 
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the hardware against the harsh conditions for underground testing. The 

mounting mechanism for the chosen light source on the iPad Pro 11-inch 

had to be 3D printed. Figure 0-5 is an image of the Ultimaker S5 printer used 

to 3D print the iPad Pro 11-inch holder. 

 

Figure 0-5: Ultimaker S5 printer (Birch, 2021). 

Figure 0-6 is a diagram showing the back view of the iPad Pro 11-inch 

holder, designed using Shapr3D software, and Figure 0-7 shows a front 

view of the resultant 3D printed holder for the iPad Pro 11. Note the portion 

allocated for the Mobile LED Video Light protection at the bottom middle of 

the design in Figure 0-6. 
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In other words, it is not capable of producing 3D Mesh Models. For these 

two reasons, the SiteScape application was considered a non-priority on the 

short-list of applications and did not warrant additional inquiry. 

Scaniverse - LiDAR 3D application 

It was found that only a limited of points could be exported as point cloud 

data and that the application created three different scans of one scanned 

area. This will require combining the three scans to get one scanned model. 

Therefore, the Scaniverse application was considered a non-priority on the 

short-list of applications and did not warrant additional inquiry. 

3D Scanner App 

Figure 0-11 is an example of a scan from the 3D Scanner App exported in 

an ‘Object File’ format of the crosscut at the DigiMine. Note the clear visibility 

of the geological feature on the excavation sidewalls0 this file format shows 

the texture of objects. 
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Figure 0-12: ‘Object File’ format processed in Deswik CAD showing 

Multislice lines of the crosscut at the DigiMine (as black lines) in 

Deswik CAD to assess iPad Pro scans using the ‘3D Scanner’ 

application in May 2021. 

Outcome - Quality of scans: Application trade-off 

The Apple iPad Pro performed very well under the simulated conditions of 

DigiMine and was deemed suitable for entering the next phase of 

underground testing at Mponeng Mine. Observation of scans indicated that 

the 3D Scanner app should be used to export scans directly to Deswik CAD 
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to produce the best results. The result in this section supports favouring an 

Object File format over a Polygon File format. 

1.21 Apple iPhone Pro Max in On-Surface Conditions 

In September 2021, the Apple iPhone Pro Max was purchased, and 

dimensional accuracy was tested by scanning three adjacent office rooms 

that had each been measured with a distometer. Firstly, to confirm the 

added value of the smartphone (since access to the iPad was limited), 

measurements taken with a distometer were compared with measurements 

from the scans for quantitative application. Secondly, the quality of scans 

from the 3D Scanner App was exported as ‘Laser File’ (LAS) and ‘Object 

File’ (OBJ) into CloudCompare and Deswik Cad software. 

1.21.1 Accuracy testing: application trade-off – of fice rooms 

For the accuracy of testing, measurements were taken with a HILTI PD-I 

distometer, see Figure 0-13. 
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Table 0-1: Distometer measurements 

Distometer measurements 
 

Length (m) Width (m) Height (m) Total m³ 

Room 1 3.911 3.901 2.582 39.393 

Room 2 7.883 3.904 2.590 79.708 

Room 3 3.977 3.912 2.588 40.264 

 

The distometer measurements were then compared to scanned distance 

measurements reported by the ‘3D Scanner App’. After that, the manual 

measurements were used to calculate each room's volume, which was then 

compared to the ‘scanned volumes’ of the rooms. This exercise aimed to 

determine which scanning application produced the most accurate scans 

compared to the distometer-derived volumes.  

Scanned Measurements- Office rooms 

Table 0-2 illustrates the different rooms scanned using the 3D Scanner App 

with measurements obtained from a distometer. 
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Table 0-2: Distometer versus scan - dimension comparison and variance in rooms measured. 

Key:   
           

Distometer  

3D Scan App  

 
Length   Width   Height  Volume  

 (m) (m) % Variance (m) (m) % Variance (m) (m) % Variance (m�) (m�) % Variance 

Room 1 3.911 3.890 0.537 3.901 3.890 0.282 2.582 2.550 1.239 39.393 38.587 2.047 

Room 2 7.883 8.280 5.036 3.904 3.970 1.691 2.590 2.640 1.931 79.708 86.781 8.874 

Room 3 3.977 3.850 3.193 3.912 3.880 0.818 2.588 2.600 0.464 40.264 38.839 3.540 

B
����0�(�
�����������(�
�(���%����(��
�����H�K�6�� �������(�L  

 

 



2<2 

������
�������	��

���������  

�
	/�
��)	��
	���	���������	��	���	����	��	���	��
� �����	���	�����
	��	����
	

����	 �+!�����	 ����	 
�!�����	 �!!
	 ����	 .����.��!���$ 	 ������	 &�2<	

����
�����
	
���
	�+!�����	��	���	6$A�#9	����	����� �	����	���	'/	#������	�!!$  

 

��������	
5��<

�(�(�������&��������-0������������� 
���'�
���'�
!  

#"/#"/  ���&�'�-�(
)(	
�2��,,�	�'(	�
�(�'%
�����'(�(�
��	�	 �	

  

:��	���������	��
�����
	����	���
����	����	�	��
��� ����=	2	��	1	�	���	2&	

�$	�	���)��	��!��
�����	���	���
����	��
�����	��	�� �	2	��	1	�	���	2&	�	

!�
�����
$	������	&�21	
���
	��	�����������	��	���	 2	�	���)	��	���	�����	

��	���	������	!�����	��	2	�	����	���	����	��	���	�� ����$	:�	
���	����	����	



2<% 

���	��	���������	����	���	������H
	�+�������	���	�� ���	��
	��!�����	����	���	

������$  

 

��������	
/��3�����������
��
�����%����(�������
��� ��������
������

0��������������!  

:��	 ��
�������	 ���
�������
	 ��!�����	 ��	 ���	 /������ �	 ������	 ����	

���!����	 ��	 ���
�������
	 ����	 ���	 
������	 �����	 ��! �����	 ��	���	D'/	

#������	 �!!>$	������	&�2B	
���
	�	 ������	����	 ��	�� �	D'/	#������	 �!!>	


���	��!�����	��	���	/�������	������$  



2<'  

 

��������	
1��*
��
��6��&�
������I-0������������J�(� �������������������

0��������������!  

?�
���
	����	���	
���	����	����	���!����	��	���	��� 
�������
	��!�����	

����	���	��
�������	��	���������	��	��������	������ �	�������	���	
������	

�����	���	���	��
�������$  

���������������������	����������  

:����	&�'	 
���
	 ���	 ���
�������
	 ����	 ���	 ��������� 	 !�
�����
	 ��!�����	

����	���	'/	#������	�!!	�+!�����	��	��	
� 	����	��� ���	���	���!���
��
	

��	���	��
�������	���
�������
$	  



144 

Table 0-3: Accuracy test results from the 3D Scanner application (.OBJ). from DigiMine. 

Key:  
           

Distometer  

3D Scan App  

 
 

  
 

  
 

  
 

  

 
Length   Width   Height  Volume  

 (m) (m) % Variance (m) (m) % Variance (m) (m) % Variance (m�) (m�) % Variance 

 1.000 0.952 4.800 2.700 2.720 0.741 2.400 2.200 8.333 6.480 5.697 12.087 

 5.000 4.570 8.600 2.700 2.590 4.074 2.300 2.360 2.609 31.050 27.934 10.036 

 10.000 10.030 0.300 2.700 2.660 1.481 2.400 2.380 0.833 64.800 63.498 2.009 
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Outcome - View of scans 

It is apparent that the visual quality of scans taken with the Apple iPhone 

Pro Max is comparable to Apple iPad Pro and confirms superiority to 

Occipital Structure Sensor Mark II regarding the research objectives. The 

correlation between qualitative and quantitative results supports the ‘3D 

Scanner App’ superiority. When used in conjunction with this app, the laser 

file format (.LAS) was found acceptable for rendering images with enough 

detail for making observations. However, Object Files were still considered 

as most favourable for practical use. This section does not show that the 

preferable software for processing files is CloudCompare but that it acts as 

an acceptable substitute for analysis in instances when Deswik CAD is 

unavailable. 

Performance of the Scaniverse and Sitescape applications affirmed it as a 

non-priority on the short-list of applications and did not warrant additional 

inquiry. However, as Sitescape only exports Point Cloud Data in the 

compatible PLY file, Scaniverse may instead be considered as an 

alternative as exports are possible in files (OBJ and LAS) compatible with 

3D Mesh Models. Consideration must also be given if the compatibility or 

suitability of the ‘3D Scanner App’ should decline soon (for example, 

updates that institute unacceptable compulsory membership fees). 
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1.22 Underground Stope Scanning 

The next testing phase involved the Apple iPad Pro 11-inch and Apple 

iPhone Pro Max with photometric LiDAR scanning technology at Mponeng 

Mine in an underground production stope. The outcomes of initial testing 

were integrated with the ‘3D Scanner’ Application, and OBJ files (OBJ or 

LAS being acceptable formats) were exported for processing in Deswik 

CAD. The naming convention of underground workplaces at Mponeng Mine 

can be explained in the following form: Mining level, raise line number and 

then panel number. 

Apple iPad Pro 11-inch in an underground production  stope 

On 5 July 2021, the 113-68-East 5 panel of the VCR was visited for 

scanning. Figure 0-17 is a cross-section of this panel showing some visible 

differences in ground formation.  
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Table 0-4 shows measurements compared at 5m intervals from the 113-68-

East 5 stope panel of the VCR from three different sources, namely: 

·  Manual m��
�������
	�����������	��	1	 ���	%&%20  

·  ���
�������
	����	/�
��)	.�/0  and 

·  Measures that were done by the sampling team on 6 July 2021. 
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Table 0-4: Measurements from 113-68-East 5 stope panel of the VCR. 

Method  

iPad Pro, 3D 
Scanner App and 
Deswik Software  

Manual 
measurements 

from an 
underground visit  

Sampler 
Measurements  

Date 5 July 2021 5 July 2021 6 July 2021 
 Range of 

measure. 
Average 
of stope 

Range of 
measure. 

Average 
of stope 

Range of 
measure. 

Average 
of stope 

Stope 
width (cm)  

103-161 138 119-139 130 88-136 120 

Hanging 
wall  (cm) 

7-41 23 0-75 21 0-32 12 

Footwall 
(cm) 

47-74 65 58-85 69 55-108 84 

Channel 
Width 
(cm) 

5-46 23 4-41 20 0-50 24 

Note: Measurements are taken at 5m intervals. 

Comment on results from Table 0-4: Although measurements were reported 

at 5 m intervals, the position of the 5 m intervals differs in x and y positions. 

This exercise aimed to determine an average SW for the total panel. When 

the geologist reports the SW on the mapping report, they measure the SW 

at regular intervals over the entire panel. All the measurements are added 

and divided by the number of measurements captured. For this reason, the 

minimum and maximum range of measurements in Table 0-4 will vary. The 

accuracy is considered as a fit for purpose accuracy. In other words, to 

report the average SW over the total panel, the measurements from the 

scans are accepted as accurate and reported and accepted by the Mponeng 

Mine to guide the production team in SW control. Figure 0-18 shows the 

measurements as reported by the sampling department. 
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variance demonstrates the significance of the loss that Mponeng Mine 

experienced due to poor SW control. 

Table 0-5: Volume calculation of 113-68-East 5 stope panel of the VCR. 

Method  

iPad Pro, 3D 
Scanner App 
and Deswik 

Software  

Manual 
measurements 

from an 
underground visit  

Sampler 
Measurements  

Stope width 
(m) 

1.38 1.30 1.20 

Face length (m)  33.60 33.60 33.60 
Advance (m)  4.70 4.70 4.70 
Volume (m 3) 217.93 205.30 189.50 

 

The calculated volumes reported in Table 0-5 are a concern as the 

difference in volume calculated from the scanning software differs 28.4 m³ 

from that of the samplers’ measurement. Although both these 

measurements get reported on Mponeng Mine, the geologist validates all 

SW data. For this exercise, the scanned image is deemed acceptable for 

SW control as it is backed by a clear visual representation of the scanned 

image. On 7 July 2021, the 113-68 East 2 panel of the VCR was scanned 

and Figure 0-20 provides a top and side view of the scanned image 

combined with the measured faces from the survey department. 
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scan is 0.015. This does not exceed 0,1 m as defined according to MHSA 

Chapter 17(14)(b). 

Figure 0-23 is the mapping report of the 113-68 East 2 panel of the VCR. 

The mined SW captured for this panel was 122 cm and the recommended 

SW for this panel was 120 cm. The 2 cm difference is not accepted 

according to survey standards0 however, it would be acceptable to report 

the average SW of a stope panel because the purpose of the scans is to 

identify and report excess dilution. Therefore, the scans do not require 

acceptable survey accuracy to fulfil their intended use, but the survey 

control must conform to the MHSA regulation on survey accuracy. 
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Figure 0-23: Mapping report of the 113-68 East 2 panel of the VCR. 
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a scanning range of 5 m, it makes it possible to scan from a safe, supported 

position. The geologist is not permitted to go beyond the installed Stope 

support to measure SW or the dip direction of faults. This information can 

now be measured from the scan of the stope face. 

Figure 0-27 shows the mapping report of the CLR's 120-80 E1A panel from 

15 September 2021. The mapping report indicates a portion of the reef in 

the hanging wall observed on the scan. This panel measured an SW of 121 

cm with a recommended SW of 120 cm. Therefore, the geologist 

recommended that the production team lift the footwall position but maintain 

the recommended SW to expose the reef in the hanging wall. 
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On 7 October 2021, it was scanned again. Figure 0-28 shows a reduction 

in SW from 121cm to 99cm. This resulted in an increased area of reef in the 

hanging wall. 
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Figure 0-29 is the sampling report of 120-80 E1A panel of the CLR from 8 

November 2021, the sampling report shows one fault in this panel, and the 

geologist scanned this same panel on 12 November 2021 and picked up 

three faults in this same panel. 
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This scan shows an increase in SW from 99cm to 120 cm0 the geologist 

observed three faults in this panel. The one fault projected the reef 3 m up 

into the hanging wall. The scanned section view shown in Figure 0-30Figure 

0-30 gives a total view of the stope panel. In contrast, normally, only a 

portion of the face would be presented in a photograph. The problem is that 

it is unclear which part of the stope panel is represented by the photo image 

shown on a mapping report. 

1.23 Section Summary 

As the disadvantages and advantages of each scanner and scanning 

application are mentioned, it is evident that the most suitable combination 

of 3D LiDAR scanner and 3D LiDAR scanning application is the 3D Scanner 

application and Apple iPhone Pro Max. This is due to the combination of 

accuracy in geological mapping in an underground environment. 

Therefore, this is the most reliable combination to utilise for geological 

mapping. However, more investigation is required to decide on using 

scanners in the future to get the desired results compared to conventional 

survey measuring.  
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MINE THREE-DIMENSIONAL SCANNING WORKFLOWS 

1.24 Section Overview 

A 3D workflow was designed for the geological mapping staff to use and 

another workflow for the production team. The main difference between 

these two workflows is the intended purpose of use. For example, the 

geologist needs to geo-reference the underground scan to fit on survey 

pegs. In contrast, the production team may only need to view the scanned 

image of the stope face. 

1.25 Geological Scanning Workflow 

The Geological Scanning Workflow can be described as the geologist’s 

process of capturing and reporting geological information in the scanning 

process. Figure 0-1 illustrates this process. 
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scan in the Deswik CAD software. Deswik CAD 'Modifying' tools are then 

used to geo-reference the scan to fit the requisite survey pegs. Once the 

scan has been geo-referenced correctly, the top view with the hanging wall, 

the footwall and the geological features are captured from the scanned 

image. Next, Deswik CAD tools are used to measure the average SW of the 

stope panel. The geological mapping report will then be completed on 

Syncromine software with special recommendations for the production 

team. Finally, the geological features that were captured from the scan are 

fed into the 3D geological model. 

1.26 Production Scanning Workflow 

The Production Scanning Workflow can be described as the production 

team capturing important production-related information during the 

scanning process. For example, this information may include the blasting 

advance, rock engineering support information, or equipment requirements 

for future planning0 Figure 0-2 illustrates this process. 
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contrast, previously, a geologist would need to explain their way of capturing 

data first. In addition, this method allows for an increased frequency of data 

capturing. Therefore, the production team can be informed of any issues 

before the next blast commences. 
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CONCLUSIONS AND RECOMMENDATIONS 

This research has presented six chapters, which cover the following: 

·  Chapter 1, the introduction chapter, gave background to the 

research conducted to identify orebody dilution in an ultra-deep gold 

mine in South Africa. Problem statement: Dilution destroys the 

economic value of mining operations. In addition, mining and 

processing costs rise due to dilution from unwanted waste mining. 

For this reason, Mponeng Mine aims to reduce grade dilution by 

controlling the SW was, on average, 12% greater than ASW at 

Mponeng Mine0 

·  Chapter 2 was an overview of how resource estimation relies on 3D 

modelling. Two-dimensional geological mapping captured with 

tapes and clinometers is difficult to convert to 3D geological models. 

Mining accuracy can be improved by providing 3D geological 

models more often0 

·  Chapter 3 discusses how various scanning applications were tested 

to see how light might affect the quality of scans underground at 

Mponeng Mine. To test these scanners, DigiMine was chosen. The 

third step was to determine what scanning applications were most 

useful0 

·  Chapter 4 outlines the methodology that integrated quantitative and 

qualitative data. In the experimental phase, various scanners were 

tested at Wits DigiMine before going underground at Mponeng 

Mine. A 3D LiDAR scanner was tested for durability and practicality 
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in underground working stopes. Scans were downloaded from 

scanners and saved on a central server for all departments to 

access with free software (CloudCompare). Scans were 

georeferenced and imported into Deswik CAD0 

·  According to the results chapter, the best combination of a 3D 

LiDAR scanner and 3D LiDAR scanning application is the Apple 

iPhone Pro Max since it maps underground geology accurately0 

·  The 3D scanning method of geological data capture requires less 

time and energy to produce accurate 3D geological block models 

than traditional methods. The data is also processed much faster 

and readily available to the entire mining department. This allows 

more time to be spent on mine planning and blasting guidance. 

Communication becomes easier as a digital reference with exact 

images is displayed and can be viewed by all team members. As a 

result, the production team will be notified before the next blast of 

the results of the more frequent data collection0 and 

·  The final chapter concludes the study and makes recommendations 

for further research. 

1.28 Introduction 

The research was conducted to identify orebody dilution in an ultra-deep 

gold mine in South Africa. VCR is highly variable due to its unconformity 

with Witwatersrand Supergroup sediments. Typically, the orebody dips 18 
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degrees south and is 120 cm thick. Virgin stresses are predicted between 

95 MPa and 135 MPa with a rock density of 2700 kg/m3. Virgin stresses 

provide a challenge for safe workplace support. Reef rolls on strike and dip. 

Mining heights must be adjusted constantly to avoid grade dilution. These 

findings may be helpful to other mining operations in similar areas and under 

similar conditions. 3D measurements of the orebody are required to plan a 

mine since mine planning decisions may be influenced by limited 

information. Innovative mining techniques could increase precision and 

decrease lags in relaying dilution information. Dynamic 3D details can help 

achieve this. 

1.29 Summary of Chapters 

Based on the literature review, 3D modelling is crucial for resource 

estimation. As of now, geological mapping (tapes and clinometers) is 

challenging to convert into 3D geological models or display on digital plans. 

The accuracy of 3D geological models increases mining precision and may 

increase the average grade. Mining accuracy and prediction can be 

improved by providing these models more often. 

Although 3D laser scanning improves accuracy and efficiency in the mining 

industry, accurate survey control is still very relevant. Surfaces can be 

captured more quickly, and the reliance on traditional mapping methods can 

be reduced. Digital systems provide access to geospatial data to all 

production team members. A better estimation of ore grade can be achieved 
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by monitoring blasting. By using 3D scanners, mapping and scanning 

become more common, and preparation for blasting could be accelerated. 

Mponeng's narrow, tabular stopes are suitable for 3D scanning systems 

commonly used in mines. 

Quantitative and qualitative data had to be integrated into the methodology. 

The experimental phase of the research used various specifications of 

scanners shortlisted in the first phase. Testing was conducted in a controlled 

environment (Wits DigiMine) before continuing underground at Mponeng 

Mine. 3D LiDAR scans were captured in underground working stops to test 

the scanner's durability and practicality. Scans were downloaded from 

scanners and saved on a central server so that all departments could 

access them. The scans were geo-referenced and pulled into Deswik CAD 

using free software such as CloudCompare. 

1.30 Research Observations 

3D modelling plays a critical role in determining resource estimation and 

mining costs. Accurate gold grade and mining prediction according to the 

mine plan informed by the geological block model is crucial to benefit from 

the predicted profits. High confidence in the accuracy of 3D geological 

models increases the precision of mining. It, therefore, results in a higher 

gold grade with regards to an SW that is controlled to prevent dilution if 

mining proceeds according to plan. The accuracy and prediction of mining 
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are further enhanced when these models are provided more frequently, 

specifically before blasting commences. 

The Structure Sensor II was tested but found unsuitable for the intended 

underground applications due to the unavailability of a suitable software 

application. In addition, it is an add-on to the iPad, making it vulnerable to 

damage in underground use. 

All scans are stored on a digital system whereby the data is always readily 

available to all members of the geological and production teams. Monitoring 

of blasted ore becomes a traceable process with higher confidence, which 

offers increased estimations regarding the gold called for. The frequency of 

scanning and face mapping increases because the time and effort required 

when utilising 3D scanners are lessened. Therefore, the entire pre-blasting 

planning and preparation process can be accelerated since data is readily 

available within a short period. 

The iPad Pro was tested on the surface and in the DigiMine tunnel. Lighting 

and protecting the iPad Pro were identified as requirements before the 

underground testing at Mponeng Mine. The 3D Scanning App was identified 

as the most appropriate app for the scans. Testing was conducted at 

Mponeng Mine, which was successful. However, the iPad Pro is considered 

vulnerable to damage, so the iPhone 12 Pro was selected for further 

development. 
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1.31 Research Contributions 

The time taken to capture the stope face surfaces and the maximum 

allowable area to be captured and saved will further categorise the value 

that specific scanner software offers. 

It is evident from the research that the most suitable combination of the 3D 

LiDAR scanner and 3D LiDAR scanning application is the Apple iPhone Pro 

Max and the 3D Scanner application. This combination is ideally suited to 

capture acceptable results for geological mapping in an underground 

environment since it offers greater efficiency and observation of the mining 

process. 

Results have shown a clear benefit from using the dynamic 3D scanning 

method as an option to capture stope mapping to inform the 3D geological 

block model. This is evident in the comparison shown in the report between 

measurements from the scanned image compared to measurements taken 

underground according to the traditional method using a tape and clinorule. 

The rock mass stability is maintained over an area extending at least up to 

the sweeping line by ensuring the support performance criteria are met. 

Therefore, the geologist is not permitted to move between the stope face 

and stope support. Instead, scans must be captured within the supported 

area. The 5 m scanning range makes it possible to scan from a safe, 

supported position. The geologist does not need to go beyond the installed 
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stope support to measure SW or dip direction and from the stope face scan, 

this information can now be measured. 

1.32 Recommendations for Future Research Work 

It is recommended that the Apple iPhone Pro Max with the 3D Scanner 

application should be used in the future to capture 3D geological mapping 

of stope faces to inform the 3D geological block model dynamically. It is 

recommended that Deswik CAD software is to be used for geo-referencing 

of 3D scans and the subsequent creation of the mapping report for the 

production team. The geological structures captured from the 3D scans 

using Deswik CAD can then update the 3D geological model. 

It is recommended to carry out more tests for robustness and durability and 

improve the iPhone casing for the scanner for protection and MHSA 

requirements. According to the MHSA, since the iPhone is a cellular phone, 

it must adhere to regulations in areas where flammable gas concentrations 

exceed 1.4% by volume. It is further recommended that Mponeng Mine 

purchase an iPhone casing that allows devices to be taken into Zone 1 

hazardous areas. 

It is recommended that the Apple iPhone Pro Max are used to capture the 

mapping of raises. The mapping information of raises is lost once they are 

ledged and equipped for stope mining. Samplers and geology assistants 

can be trained to use the Apple iPhone Pro Max to assist in capturing 
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information to assist in geological reporting. In addition, this will provide 

guidance to the production team. Further analysis could be done on 

recovery numbers to see if better reporting to production teams about SW 

reduces dilution. 

New areas of research that could be investigated include using remote 

scanning technology. In underground mining operations, it is often difficult 

to extract data from areas that are difficult to access. Sandvik's fully 

autonomous aerial vehicle can fly itself through stope panels and 

underground accident areas, where there is no GPS, no line-of-sight or 

communications and, using a laser scanning sensor, map the stope panels 

to create a rich 3D point cloud (Sandvik AB, 2020). 

1.33 Conclusions 

It is concluded that the captured scans can be geo-referenced within an 

acceptable error margin in Deswik CAD software. The horizontal 

displacement between the measured peg and the measured point on the 

scan is 0.015. This is within the defined accuracy of 0,1 m as defined by the 

MHSA Chapter 17(14)(b). The time taken to capture the stope face surfaces 

and the maximum allowable area to be captured and saved will further 

categorise the value-specific scanner software offers. 

Results have shown a clear benefit from using the dynamic 3D scanning 

method as an option to capture stope mapping to inform the 3D geological 
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block model. This is evident in the comparison shown in the report between 

measurements from the scanned image compared to measures taken 

underground according to the traditional method using a tape and 

distometer. 

Because scans do not take long to capture in the workplace, this has an 

added safety aspect as mine personnel can spend less time on the face and 

thus reduce the probability of accidents and injuries. Mine personnel can 

spend less time on the stope face as technology has enabled remote 

scanning of workplaces. 
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