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The Anglo American Platinum Group is the world’s largest producer of platinum group metals.
The Group operates a number of underground and opencast mines and is involved in various joint
ventures in South Africa. It also operates several concentrators, smelters, and refineries. The
Group has a pipeline of new brownfield and greenfield projects. There is a growing emphasis on
mechanization, for both new projects and current conventional mines. The business has embarked
on a number of improvement initiatives including Value-Based Management, of which Asset
Optimization is one of the pillars.
Anglo American Platinum is constantly striving to improve safety and productivity, and
mechanization has been identified as one of the options for the future.
Due to the high capital nature of mechanization, the high cost of labour, and the complex
scheduling systems required, a sophisticated system of managing the resource is required to safely
and optimally utilize the assets.
This management operating system will:
1. Track each asset and person in real time:
a. Position (x, y, z)
b. Status:
i. Availability of assets
ii. Actual operating hours of equipment
iii. No. of holes drilled
iv. No. of roofbolts installed
v. Penetration rate / work rate etc.
vi. Speed and duration of tramming
vii. Tons per hour conveyed
c. Machine health:
i. Pressures
ii. Vibrations
iii. Temperatures etc.
iv. Engine on / off with timestamp
2. Evaluate each asset:
a. Work rate to normal standard work rate (flag when out of specification)
b. Identify any sub-standard measurement
3. Two-way communication:
a. Continuous communication to operator, engineering, and machines:
i. Plan
ii. Problem reporting
iii. Safety aspects
iv. Up-to-date production reports
4. Run a sophisticated algorithm to optimize to an object function (e.g. square metres or rands
per ounce) of a rolling plan of at least 2 weeks into the future.
This paper will demonstrate the systems behind the Management Operating System, the detail
behind the mining cycles and associated standard times, and the implementation strategy at Anglo
American Platinum.
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Introduction
Underground mechanized mining is not widely practiced in
the platinum sector, but with continued low performance of
conventional mining methods and current labour issues,
mechanized mining is a serious contender for future mines.
As efficiency is key, a ‘Management Operating System’
can improve productivity on a mechanized mine by at least
20%.
Mechanization equipment is expensive and costly to run,
therefore to compete with other mining methods, well-coordinated and planned activities need to be scheduled so as
to best utilize or optimize the machines and mineral
resources. Learning outcomes from existing mechanized
mining and conventional mining methods have shown that
the more efficient utilization of resources, i.e. the reduction
of non-planned and lost time, maximizes production.
Non-planned time is due to sub-optimal scheduling of
machines, operators, faces, and maintenance. This is
applicable for not only the current shift, but more
importantly for the month ahead as an optimal shift plan
might not result in an optimal monthly plan. The
permutations of different schedules, when looking forward
into the month, are massive, and are best optimized using
sophisticated computer algorithms.
Lost time is incurred during the execution of work. Areas
prone to lost time are:
• At the start and end of shifts
• Between activities,
• Time to report and repair breakdowns
• The reaction time to re-schedule due to a breakdown
• The time to identify and then rectify sub-standard
activities.
To reduce this lost time, all resources need to
communicate live information regarding their current state
to a central computer, where it is analysed against a
standard. If the analysis shows a significant delta, a losttime event is logged and escalated to relevant levels to fix
the cause. The objective is to minimize the lost time by
reacting to it as soon as possible. If necessary, a new
optimal schedule is then seamlessly dispatched to all
affected resources. This thus incorporates the concept of

short-interval control. Lost time is never eliminated, but
with a high frequency of data, sub-standard activities are
readily identified, and new optimal schedule or action plans
reduce the amount of loss.
To enable a Management Operating System (real-time
scheduling and short-interval control system), a
revolutionary two-way wireless network has been
developed to transmit live positional and status data to a
central computer and dispatch new optimal work schedules
back to all machines and people. This allows for live
tracking of people and equipment with the benefit of a 3D
visualization of a live depiction or playback of mining
activities anywhere in the world. Playback of an incident or
accident could assist in determining the cause of such an
event, which could lead to a re-design reducing further risk.
Tracking of all work allows for comprehensive data
analysis, resulting in better management and strategic
decisions. This will also enable continued optimization of
the scheduling algorithm and design improvements to the
machines and mining layouts.

Overview of the network layout
The overall Management Operating System consists of
many components, which need to seamlessly integrate with
each other to be optimal. This layout has some generic
components, but some of the integration need to be custom
or ‘fit for purpose’. The general system requires (Figure 1):
• An underground network system
• A database
• A system to convert the data to usable information
• System to determine variance, prompting a re-schedule
or validation communication
• A scheduler to determine the next-best plan
• A dispatch communicator to send and receive data to
and from the workings
• Reports generated to dashboards
• Data entered into the mine system, i.e. engine hours,
breakdowns
• A 3D visualization of live underground workings or a
re-play of events.

Figure 1. MOS network layout
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Underground network system
Typical voice and data communications for underground
mining operations consist of ‘leaky feeder’ type
connections. These communication protocols make use of
coaxial cables, which carry a signal (typically between 120180 MHz) from end to end. Leaky feeders have small gaps
in the shielding to let the signal through. These gaps create
a limited wireless radio network environment that can be
used for voice and limited data communications, typically
along conveyor belts. A constraint is that one should be
relatively close to the cable in order to receive and transmit.
Leaky feeder radio frequencies tend to be UFV and VHF,
and these high frequencies do not penetrate rock very well.
Most wireless systems are based on the IEEE 802.11
(WiFi) specification, and operate at 2.4 GHz. Various
technologies exists utilizing wireless system protocols by
using access points or nodes to create a self-forming, selfhealing, ad-hoc mesh network for communications. Various
technologies were tested at Bathopele Mine, and a major
constraint in these technologies is cost and the specialized
maintenance and support that is required. As and when the
face (stoping area) moves forward, the communications
systems starts lagging behind. Continuous monitoring is
required to ensure that the signal strengths remain within
the required parameters. Once a fall-off is noted, there is a
risk that the communication system has not advanced quick
enough, resulting in an area in which communication is not
adequate.
Most of the tracking systems use a radio frequency
identification (RFID) tag and a set of tag readers to
determine the location of a miner or a piece of equipment.
Frequencies used differ from application to application, but
for mining 433 Mhz (UFF) is normally used for short-range
devices (1–100 m) and 865–868 MHz or 902–928 Mhz for
devices in the 1–12 m range.
The challenge is to determine an optimized solution that
covers all of the above at a minimal cost and level of
technical expertise. For future mining requirements, the
wireless network should have the ability to determine
positioning of equipment/people within 0.5 m and to send
and receive information from enabled resources (including
moving vehicles) from underground to surface. From the
stope areas, usually at the tips, the wireless system is
transferred to the fibre optic backbone to surface. In the
Bathopele environment, a full ring set-up of the fibre
backbone has been established. This provides a certain
level of redundancy should the fibre link be damaged. The
fibre backbone terminates at all active tipping areas.
1. Stope
2. Strike
3. Decline
4. Surface.
With a typical room and pillar mining system, the
propagation of the signal is crucial. This adds to the
complexity of the solution with regard to both costs and the
technical support and maintenance. The need for peer–topeer communications arises from the fact that, in most
cases, it is difficult to obtain full communication coverage
in the mining environment. In areas with limited or even
no communication coverage, pieces of equipment must
communicate with one another. In such a case it is
necessary that the wireless client device communicates
directly to another client device without connecting to an
access point.
The preferred wireless network should also support
meshing capability. This entails that mobile access points

could be placed on mining equipment that will enable the
creation of network hotspots around those machines.
The placement of access points is also crucial as it access
points are usually mounted onto mining equipment that
operates in harsh conditions. The ingress protection (IP)
rating therefor needs to be suitable for the environment.
Minetec is to install the wireless system at Bathopele
Mine, Central shaft, 11East strike. This strike is where the
proof of concept for the ULP equipment is being done
(August 2014 – March 2015).
Minetec has designed the Trax+Tags™ Suite to replicate
GPS underground data, which is able to be integrated with
third-party software. A scalable system, Trax+Tags™ can
be implemented cost-effectively to address the accuracy
and investment requirements of the mine at different stages
of operation by building up the system with modules over
time. The system can also be configured so that some areas
are using high accuracy and others lower accuracy.
allowing the same equipment to be used throughout the
mine.
As a real-time locating system (RTLS), Trax+Tags™
utilizes a number of technologies, including Receive Signal
Strength Indicators (RSSI), Time Distance of Arrival
(TDoA), and Inertial Navigation Systems (INS), to follow
personnel and assets as they move and work through an
underground mine to enhance safety, increase production,
and improve efficiency. RTLS data can be provided to
dispatch operators, shift supervisors, or anyone with access
to the mine network (Figure 2).
This is also recognized as one of the best tools to help
meet occupational health and safety requirements.
Trax+Tags™ provides the ability to locate workers in
emergency situations by tracking and showing where every
individual is in the mine at all times.
A method of utilizing the current leaky feeder system by
enabling the transportation of data via the Ethernet
protocol, i.e. Ethernet over leaky feeder, will also be tested
at the proof-of-concept site.
The requirement for a wireless network underground
becomes more apparent when machine interfaces are
available to provide insight into the operation of machines
in combination with the planned mining activities.
Machine interfaces are critical in this application, which
for new machines is simplified by the OEM onboard
diagnostic systems. There are still some areas, such as
drifter positions, that have to be incorporated to complete
the system requirements. Older machines require bespoke
add-on systems, which differ from machine to machine.
A number of such bespoke add-on systems were
previously tested and failed due to various reasons,
including limited space on the machines, electrical power
spikes, and fragility of the add-on systems, vibration, water
and dust. It was also noted that these systems should
ideally be factory-fitted, rather than added on at a later
stage. Discussions will be held with all OEMs once a
suitable system is identified or designed to ensure that
machines are designed by incorporating the new
requirement of an Operational Management System.
The machine interfaces could either be connected to
existing onboard vehicle management systems or directly
hot-wired into various sensors on the vehicles. The data
collected via the machine interfaces, the position of the
machine, and its operation can then be transmitted via the
wireless network in real time.
The system for getting the data into the network can be
simplified as follows.
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Figure 2. Positioning of tags for the MOS system

Figure 3. Interfaces of the tags/screens on underground machines

Each machine/operator will have a wireless tag system
that will determine its position and enable the transfer of
information/data via a communication screen/PDA. The
machine dashboard will display the following information:
• Machine start-up checklists
• Current work place
• Current work assignment
• Operator details
• Time started
• Current % complete or e.g. 10 holes out of 18 holes
done,
• Workplace KPIs:
o Drill penetration rate
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o Roofbolt installation cycle
o Variance analysis
o Lost-time tracking
• Expected time to complete tasks
• Next work assignment
• Machine health indicators.
It is envisaged that the surface control room (which could
also be located underground) will receive all the above data
in real time, enabling a more effective decision-making
process.
The interfacing of this type of data to other systems, such
as enterprise resource planning systems, time and
attendance, equipment maintenance systems, and other
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safety and security systems could be ensured by optimally
designing the various databases required.
Database
The frequency of measuring data from the system
underground can vary depending on the design and system
configuration. This still results in a high data pipeline
which has to be initially stored on to the central database.
In the case of a break in the network system, the data will
be stored on the device (about 8 hours capacity or typically
for one shift) until it can be uploaded into the central
database.
This data then needs to be analysed and converted to
usable information. For example, to determine the
penetration rate of a drill rig, the following data would be
required:
• Machine ID
• Workplace planned activities
• Actual positioning (x and y)
• Hole number (calculated by virtue of data analysis, or
overwritten by operator)
• Drifter position from start at each timestamp
• Pressures from the drifter hydraulics.
To constitute a hole being drilled, the machine must be in
a place that drilling activity is planned, and the drifter must
be moving forwards or backwards (forward drilling,
backwards withdrawing rods). Coupled to this is the
pressure on the relevant hydraulic circuit indicating that
there is load applied to that activity. When all criteria are
met, the system will infer drilling, and using delta distance
to time, determine penetration rate.
From this information of rate and hole number, a variance
analysis can be performed to inform the machine/operator,
miner, shift boss or other of any excessive variance to the
norm. This is to be escalated depending on the degree of
variation. The operator will be prompted to indicate any
problem areas, if not done so already, that could prompt
escalation, breakdown procedure etc. If the machine status

changes, or the rate is accepted, the required time to
complete the task will be recalculated for that instance. If
the variation has an impact of the work, the microscheduler will be re-run and new schedules dispatched to all
affected machines.

Scheduling
The objective of the scheduling component of the
Management Operating System is to react to any status
change of machines, face, or people and to re-calculate a
new valid and optimal plan.
The basis of the scheduling is to level the resources
available to the face status to an optimal objective function,
taking into consideration any safety, design, or practical
factors. For instance, the objective function could be to
maximize the square metres mined in a month, but keeping
the development sufficiently ahead to enable a desired IMS
ratio.
The scheduling process
To schedule effectively, the mining process needs to be
clearly understood, together with the associated mining
activities and sub-activities. An example of a ULP mining
cycle is shown in Figure 4.
For each of these mining processes, standard cycle times
need to be calculated for each of their associated mining
activities.
For each of the activities the standard times are calculated
by using a bottom-up calculation. This is due to the chance
of variations in face length, geological features, and other
factors.
Figure 5 illustrates the calculation of the standard time for
installing roofbolts in a mechanized drive.
For installing roofbolt support the value driver tree
(VDT) shown in Figure 5 is used. This VDT is fit for
purpose and can be easily adapted to the type of machine
etc.

Figure 4. Basic mining processes for ULP mining
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Figure 5. Value driver tree for installing roofbolt support

In this example the leaf nodes are used as follows.
Hole spacing
Hole spacing will be determined from the mine standards of
hole spacing, taking into consideration if the mining face is
in A, B, or SP state. At Anglo American Platinum, B and
SP states usually have a tighter support standard.
Panel length
From the mine plan, or more recent actual measurement
(either by the MRM department or miner/shift boss) the
panel length is adopted. Forms of validation are required if
the panel length is not according to the mine layouts.
Standard number of holes
This is usually calculated, from the hole spacing and the
panel length. This is the standard amount of holes for the
relevant safety status.
Extra holes
Extra holes can be added to the standard holes if the miner
or shift boss decides they are needed due to localized
geological conditions.
Time per hole
This calculation is dependent on the type of roofbolts
installed, i.e. grout or full-hole resin. Actual time
distributions are used for the drilling time per metre and
installation of the roofbolt. From the standards, the
required length of the hole is then used to calculate the time
to insert each roofbolt.
Lost-time factor
The reasons for lost-time events need to be captured and
reported. A detailed analysis could be used to calculate a
lost-time factor.
A lost-time factor is used to convert the best-practice
activity time to a more realistic roofbolting cycle time.
This realistic time is used to determine the scheduling of all
activities for the current and subsequent shifts. This factor
is determined from historical data and will include bit
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changes and elements of lost time.
Activity sequencing
Using the sequencing of the mining activities and the
respective standard times, the complete mining process can
be logically mapped to time and applicable resources. An
example of this calculation, shown in a time sequence, is
depicted in Figure 6.
Scheduling
Once all standard times are calculated for all relevant
mining processes, their respective sequencing mapped, and
applicable resources allocated, the scheduling process can
begin.
From the following information of the status at the
beginning of the shift the pre-shift status can be determined:
1. Machine status:
a. Machine ID
b. Availability
c. Maintenance schedule/rules
d. Hour meter readings
e. Current position (x and y)
2. Face status:
a. Face ID
b. Safe for work
c. Current % completion of mining activity
d. Face parameters:
i. Face length
ii. Stope/face height
iii.Density
iv. Safety status ( A, S, or P)
e. Special notes:
i. Extra support requirements
ii. Face shape
3. Labour:
a. Planned team
b. Training schedule
c. Labour status
i. Present
ii. Late
iii.Training
iv. Other
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Figure 6. Mine process – roofbolting support, standard time splits

Figure 7. Optimized MOS system – shift tasks

d. Labour skills
i. Valid licences
ii. Valid job activities
e. Task priority
4. Mine plan:
a. Short-term plan (3 months)
b. Face shape rules
i. ASD leading rule
ii. Face position relative to other faces
iii. Re-development plans.
This can be summarized as shown in Figure 7.
Using the initial information, a schedule can be
determined. Figure 8 shows a schedule for a shift, in 15
minute intervals, for a four-face mining layout.
In this case, Panel 1 East (P1E) initial status was
’Blasted’, at the end of the shift the panel was dozed,
supported, and marking off just started.
Panel 2 East was 91% drilled at the start of shift. The
planning then indicates that drilling was completed, the
panel was charged up, and blasted.

Publishing the schedule
Once a schedule has been developed and validated, the
schedule and the applicable part of the schedule are
published to all corresponding resources. The applicable
part of the schedule means that if the resource was, say, the
LHD no. 5, the schedule will be filtered and the interface
for LHD no. 5 will show what was filtered for this machine.
The operator of the machine can therefore see the schedule
for his machine, but he can also see a view of the
scheduling of other resources.

Optimization
Optimization is an added benefit to the system, as
traditionally these systems have a one-pass optimization,
but not always looking beyond the current shift or day.
This optimization system uses a more holistic approach of
combining mining and engineering aspects to optimize to,
for example, maximum square metres or even unit cost.
The Management Operating System is designed for two
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Figure 8. An example of a schedule using the standard times, schedule every 15 minutes

optimization points of view:
1. Scheduling optimization
a. Workplace sequencing
b. Maintenance and workplace sequencing
2. Lost-time management
Optimization will ultimately lead to a revised schedule.
Scheduling optimisation
The schedule can be optimized in two ways:
• Workplace sequencing
• Maintenance and workplace sequencing
Workplace sequencing
The optimizing function for this case is to maximize the
square metres stoped.
The workplace has seven panels, each with a different
tramming distance. At the start of the shift there are four
panels requiring cleaning, each with different tramming
distances but with only two resources. A first-pass
optimization, just looking at the shift, would clean the two
shortest tram distances, thus optimizing the shift. However,
the following shift would then have the two longer trams
left, resulting in a lost blast. It is therefore essential to not
only optimize the current shift, but optimize the next week
or two to ensure a more optimal schedule.
Maintenance and workplace sequencing
The above example only optimized the sequencing of the
workplaces, but took no consideration of the maintenance
cycle. So, further to the above example, the maintenance
cycle of machines changes from fixed weekly programme
to an hourly system with a range to enable the machine
maintenance to be optimally scheduled within the
production schedule. This is scheduled so as not to detract
from the planned maintenance.
Furthermore, if during a shift a machine has a breakdown
at the face, and the only artisan at work is doing planned
maintenance on another machine, should he stop the
planned maintenance and fix the machine at the face, or
continue with the planned maintenance?
The solution is circumstantial, and with the schedule
optimizer it will take into consideration the work following
each of the machines, how much extra time is needed on
the production machine, the upset time to re-start work, and
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suggest an optimal solution.
This optimization is done by using sophisticated
optimizing algorithms (particle swarm theory), running
options to at least two weeks ahead, in this case to
maximize the square metres.
Lost-time management
Allocation of the correct machine to the correct face at the
correct time is managed by the dispatching system to each
resource. To ensure that this plan is maintained, or at least
close to it, the lost time per activity need to be carefully
managed. This is done by testing the current activity
production data against its standard rates, and if the
variance is too large, then an out-of-range occurrence will
be triggered. This is to be sent to the operator and miner
requesting a deviation explanation (drop-down list, icons).
This could prompt corrective action:
• Correct activity (drill bit change etc.)
• Correct operation
• Maintenance requirement.
If the deviation cannot be immediately corrected but the
machine is not requiring immediate maintenance, a new
time to finish the activity will be calculated using the new
temporary drilling rate. This is subject to the ability to
measure the necessary detail of the mining activities.
All work is a process, each process consisting of
activities. These activities are logically linked within the
process of drilling or supporting, etc, and are prone to
stoppages resulting in lost production. Unplanned
stoppages may be due to breakdown, environmental
changes, rock conditions, people etc. These unplanned
stoppages are considered as lost time, which results in
reduced productivity. The concept of monitoring these losttime activities, and when there is a loss, to react as quickly
as possible to rectify the loss component and reduce the
loss, forms part of the ‘short interval control’ concept.
These losses, when not checked, can cause significant lost
time and therefore lost production.

Visualization
Gaming enthusiasts have paved the way to the point where
visualization technology is now not only used in 3D games,
but can be used to visualize mining layouts and real-life or
recorded production cycles.
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With the ability to track and record the positioning,
movement, and activities of machines and personnel
underground through the wireless network, this information
can be embedded into a 3D gaming environment that can be
viewed on any PC around the world in real time (Figure 9).
This can be used for training, layout optimization, or reacting accidents or incidents. Also, if all personnel are
equipped with tags, it could form part of the shaft clearance
system.

accurate; or the data was captured but, due to the reports
not being used (or not being applicable) the capturing of the
data was compromised as it was perceived as unimportant.
It is therefore critical to create reports that are used to
manage the section on at least a shift or daily basis. The
management of the mine will be involved to assist in
compiling reports suitable for their management styles.
Change management is a hurdle not only with first-line
supervision, but usually at more senior levels as well.

Reports

Some basic reports that can be generated
Figure 10 shows an example of an interactive dashboard
covering the whole mine. This can be self-configured to
the respective managers’ needs.
Elements that can be included are:
Whole mine

Many systems that have been installed in the mines through
the years have the ability to gather important production
data, but unfortunately have never been used to full
advantage. This could be due to inaccurate capturing of
data, therefore the reports were not used as they were not

Figure 9. Screenshot of the 3D visualizer

Figure 10. Example of a mine-wide dashboard
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Figure 11. Example of a daily/weekly operating report

Figure 12. An example of a Daily/Weekly Lost-time report

• Tons per shift from each section
• Daily/weekly KPI tracking
o Tons
o Square metres
o Metres developed
• Safety parameters
• Machine KPIs
• Roadway condition
• Tyre cost tracking (or other hot-spot element).
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Daily/weekly report (Figure 11):
• Tons
• Square metres
• Metres developed
• Earned hours
• Lost time
• Explosives usage and KPIs
• Cycle times
• Productivity indices.
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Lost-time report (Figure 12)
• Trend analysis of lost-time elements
• Cumulative lost time per category
• Ability to filter by workplaces.

Implementation
Due to the complicated nature of the solution and the
change management risks involved in gaining confidence in
the system, a stepwise approach has been adopted to
implement the Management Operating System.
A pilot area was chosen, using the existing pre-start
checklists, current production booking systems. The system
is adapted to create a paper-based plan and record system.
As the network system is installed, live information will
become available, and to obtaining buy-in, the live 3D
visualization will be installed. As the information becomes
more accurate and complete, the scheduling and dispatch
systems will be run in parallel to the paper system, starting
with basic optimization, until the engineering maintenance
aspects are seamlessly integrated into the optimization.
Shift, daily, and weekly reports will be generated and
adapted as the system becomes more ‘live’. Operators and
management will be trained in the use of the reports, with
their inputs into the final set of dashboards and reports.
Successful change management is identified as a key
success criterion, thus major emphasis will be placed on
ensuring that all personnel are well coached through the
implementation phase and beyond.
Supervision job descriptions will have to be re-designed,
probably to place more emphasis on ensuring the safe
execution of work and less on planning and organizing of
work.
Implementation plan
As stated earlier, change management is an essential part of
a successful implementation. Figure 13 depicts the
implementation plan adopted for this project.
Paper-based SIC plans
The implementation started with a paper-based pre-shift
plan (Figure 14), with an option to later have mid-shift
plans printed underground, when necessary. The electronic

system (wireless network) will be installed and run in
parallel with this.
Electronic scheduling system – limited optimization
The initial electronic scheduling system will obtain data
from the electronic data system. New schedules are
published during the shift using information from live data.
This system will have limited optimization and lost time
(Figure 15).
Electronic system – mining and engineering optimisation
Further enhancements to the electronic system will increase
the level of optimization to include the mining and
engineering components (Figure 16).
Engineering optimization includes the optimal scheduling
of maintenance to satisfy not only the needs of the
production cycle but also the planned maintenance cycle.
The system will require an range of hours worked when
planned maintenece is required; this then optimally
integrated into the production cycle.

Conclusions
Tabular mining underground is becoming more and more
expensive and has to compete in the world market against
other mining methods, i.e. opencast and massive layouts.
Tabular mining methods in South Africa can be categorized
into conventional and mechanized mining. To be
competitive, not only must the layout be appropriate and
optimal, but the execution is critical. Within the
mechanization field, the interactions of the layout, safety,
geological features, machine cycles, machine planned and
un-planned maintenance, and labour create a complex set of
permutations that must be taken into account in the mining
plan.
To this end, mechanization requires a complete optimal
integrated production system to be of any success. The
system should ensure that the layouts and designs have
focused on not only the mining in the stope, but the whole
logistical and informational system. Even with such
brilliant systems, the final execution is still not guaranteed.
This is where a sophisticated Management Operational
System is required to optimize the activities within the

Figure 13. Stepwise approach to implementation of the MOS
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Figure 14. Paper-based information cycle per shift

Figure 15. Electronic system – limited optimization
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Figure 16. Electronic system – mining and engineering optimization

production areas, in real time, but with consideration of
future events.
The Management Operating System described in this
paper concentrates on a single mining section, but the
optimal solution is a system that extends across the entire
mine, including logistical systems. In the future, the
options of having production sections could be constrained
only by the ability to manage them safely, but the
production resources would be allocated to optimize the
production plan across the whole shaft.
Implementation of these systems has to be well planned
and executed. Some of the key areas that require attention
are change management, the tasks managed, and
management use.
The system has the potential to improve production by at
least 20%, not only by improving the production plan, but
also through to the effective management of lost-time
elements and from layout design changes.

Through access to real-time information on all resources,
including labour, incidents can identified and analysed,
resulting in a positive impact on safety.

Acknowledgements
The authors would like to thank Anglo American Platinum
and Bathopele Mine for the chance to implement this
technology and systems. We would also like to
acknowledge Atlas Copco, Sandvik, and Doking for the
interfaces provided to enable the tracking and transfer of
data from the machines to the network.

References
HOWES, J. and FORREST, C. 2012. Short interval control
in todays’ underground mine: a case study. MINExpo
International 2012, Las Vegas Convention Center, Las
Vegas, Nevada, 24–26 September 2012.

MANAGEMENT OPERATING SYSTEMS TO OPTIMIZE MECHANIZATION

259

George Krafft
Associate Director, Cyest Analytics
George is an Associate Director at Cyest Analytics. He heads the Mining Consulting team setting
new benchmarks for the optimisation of mining by
•
Stochastic scheduling and analysis
•
Extensive layout design and analysis of New Mining Technologies
o
Mechanisation , LP, XLP, ULP
o
Non-explosive systems
•
Management operating systems in Underground mines
o
For planning optimisation
o
Lost time controls
George has a vast experience pool within the industry and for Cyest he has been involved in the
development of a “Micro Scheduler” for Mechanised mining, mechanized mining models for
Anglo Platinum, assisted in the XLP / ULP projects within Anglo Platinum, and provides
consulting expertise to all mining related projects.
George’s experience in the mining industry consists of 10 years in the production environment
and 16 years consulting.

Stephan Strydom
Project Manager, Qmuzik Technologies
Stephan is a Project Manager at Qmuzik Technologies (Pty) Ltd, contracted to the New Mining
Technologies division of Anglo American Platinum. He is responsible for the implementation of
Information Technology and Systems during the Research & Development stage of departmental
projects.
Stephan commenced with IT projects at Anglo American Platinum in 2008 in the Information
Management department focusing on projects within the Safety and Sustainable Development
environment with the emphasis on mine safety and risk management. In 2010, he joined the
Mining section within the IM department. Various IT projects within the Mining department were
initiated and completed in conjunction with the New Mining Technology department (NMT).
Since 2014, he is dedicated to the NMT department.
Stephan has extensive project management experience in the Information Technology and
Systems environment, ranging from infrastructure, architecture, networks, software development,
and contracts management, centralised and decentralised computing environments.

Frik Fourie (National Higher Diploma, MOC and MMC)
Head of Mining Services, Anglo American Platinum
During Frik's tenure at AngloGold Ashanti Frik achieved more than 4 Million FFS Shifts & was
twice the Runner-up for Mining Engineer of the year award. During this time Frik also won the
Dick Fisher Global Safety Award and was named president of AMMSA in 2009.
Following the restructuring of AngloGold Ashanti in 2010 Frik was afforded the opportunity to
take up the Head of Mining Position at Anglo American Platinum. Frik's current areas of
responsibility includes:
- New Mining Technology
- Best Practice (Procedures, Standards & Training)
- Technical Mining Consulting to Production Units and Projects
- MRM / Business Planning
- Systems and electronic integration
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