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AziSA: improving mining decisions with real-time data

e It is planned to match a commercially available
methane sensor with an AziSA radio to allow for real-
time methane sensing

o A simple tilt sensor is being developed for rock
monitoring applications

¢ Also for rock monitoring applications, an existing crack
counter is being integrated with a Zigbee radio.

Zigbee is a relatively low data rate connection system. In
addition, transmitting over a radio link consumes power, so
the network spends most of its time asleep to minimize
power consumption. These characteristics imply that video is
not possible within a low power Zigbee network. However, a
still camera would be a very useful sensor for returning
pictures from workplaces. If the power budget can afford the
required lighting, a still camera sensor will be developed.

Two mobile sensors are being developed or integrated
into the AziSA standard:

¢ Research sponsored by the Mine Health and Safety
Council showed that loose rock that might fall could be
identified because it is slightly cooler than rock that is
firmly attached to the surrounding rock mass10. The
cooler rocks can be identified using a thermal infrared
camera

¢ The CSIR has developed an electronic sounding tool
that attempts to mimic the performance of an
experienced miner in determining whether rock is
attached firmly to the hangingwall. It cannot
outperform the most experience human miners, but
does keep its performance level through a shift, and is
not affected by illness or failing hearing.

Both of these two tools provide immediate information as
to whether parts of the hangingwall may be loose or
dangerous. By integrating a location sensor and communi-
cation to an AziSA system, the results from the sensors can
be tied to specific locations and stored for analysis, allowing
trends to be identified and risks to be assessed in advance of
the first inspection of the day.

Location

It is intended that the system will support mobile sensors. As
all data have to be tagged with location, a system of locating
mobile sensors has been developed4. The system uses
ultrasonic beacons each of which simultaneously transmits
an ultrasonic pulse and an electromagnetic pulse. The electro-
magnetic pulse acts as the synchronization signal to measure
the time-of-flight of the ultrasonic pulse. All the roaming
sensors in the area can then determine the time of flight and
hence distance to each beacon. With three or more beacons
the mobile sensors can then trilaterate their positions. In
surface conditions, location is remarkably accurate, down to
centimetres under ideal conditions. While performance is
expected to degrade underground, locations are only required
with 250 mm—500 mm accuracy for many sensing purposes
underground.

The prototype hardware is illustrated in Figure 4. The
prototype hardware contains both ultrasonic transmitters and
receivers, so can function as a beacon or as a roaming device.
In practice, beacons will be deployed at known positions in
the area where location is required, typically at, or close to,
survey pegs. When fixed sensors are installed, their location
can be determined and programmed into them using a
separate handheld receiver unit. Mobile sensors, such as
those attached to people, will contain ultrasonic receivers and
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will automatically record position as the sensor moves.

Wireless network

The wireless network is being implemented using the AziSA
Zigbee profile. The Zigbee development has been undertaken
using an Ember Zigbee chipset, due to the ready availability
of development tools. Zigbee devices from any manufacturer
can be used within the network, but Zigbee is relatively
immature, so some teething problems are bound to occur.
With time, it is expected that a very high degree of
compliance with the basic Zigbee specification will be
achieved by a number of radio transceiver manufacturers.
Once basic Zigbee compliance has been achieved, adding the
AziSA profile is relatively simple. A simple sensor board is
illustrated in Figure 5. The board itself is green, with the
Zigbee radio mounted on it in red. For scale, the whole circuit
is about the size of a PP3 9V battery.

The aggregator, or class 2

In the CSIR implementation, the aggregator obtains power
from the power supplied to the stope, usually for the scraper
winch. It communicates with the class 1 along the power
cable using a power line carrier modem, discussed below.
Local communication with the wireless sensor network in the
working place uses a Zigbee radio. The class 2 itself is
implemented using a small computer called a Gumstix that
runs a version of Linux5. The Gumstix is approximately
80 mm X 20 mm in size, and uses low power components.
The use of a fully fledged operating system on the Gumstix
allows for easy and rapid development of applications, and
for remote access and debugging if required.

The class 2 continuously logs data collected in its
network to solid state flash disks, and communicates that
data to the class 1 when a communication link is available.

Communications underground

In the reference implementation, the class 2 communicates

Figure 4—The ultrasonic time-of-flight location tool
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Figure 5—A sensor boad with a Zigbee radio attached

directly to a power line carrier (PLC) modem. Another PLC
modem is placed at the opposite end of the power line, where
the signal can be transferred to the mine-wide communi-
cation network. In some mines additional hardware will be
required to convey the PLC signals across transformers, while
other mines have Ethernet available at the transformer that
supplies the working place. In either case, TCP/IP is the
transport medium.

The Class 1, or database

The class 1, on surface, collects data from across the
network. It also controls the network, and can issue alarms
back into the network, for transmission to people in the
working places. Hardware wise, the class 1 is a standard
server class machine, designed for high reliability. The major
features of the class 1 are:
 Information about each sensor is stored, including its
ID, its position and what it measures. This makes
discovery possible: a client of the class 1 can determine
whether sensors exist to provide particular types of
data
¢ Data from the sensor are stored, always tagged with ID
and time. If the sensor is mobile, the data are also
tagged with its location; otherwise the location can be
determined from the location of the sensor
o The class 1 can accept requests from external clients to
register monitors. If a monitor is registered for a
particular sensor or class of sensors, any new data
acquired by the sensor will be distributed to that
monitor as it arrives
e The database is designed to be readily queried
e The database design allows for unknown new sensor
types to be included in the database automatically. A
new type of sensor can be installed underground in a
wireless sensor network, and the class 1 will start to
acquire and store data from that sensor without prior
programming to support the sensor.

Converting information to knowledge and wisdom

In the AziSA architecture, the final step of mining the data
stored on the class 1 is left to clients of the class 1. How this
is done is not specified by the standard. Once the AziSA
infrastructure is designed and in place, adding additional
sensors, or additional communications methods or additional
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networks is expected to be relatively easy. However, the
challenge of using the data will remain. Each application of a
sensor network is likely to require substantial investment in
design to capture the processes currently undertaken by
people to synthesize data into knowledge. What AziSA does
do, is free the designer from concerns over the hardware
required to get the data.

Case studies

A rock belt monitoring system

The first application of AziSA principles and components of an
AZiSA system was to a system for monitoring ore and waste
belts on a gold mine. On this particular mine, gold ore is
associated with uranium, and therefore with modest levels of
radioactivity, whereas waste is not radioactive. Geiger
counters are mounted above each belt, monitoring the rock
that comes past on its way to the plant or to the waste tip. The
Geiger counters can determine if the wrong rock is on the belt.

The mine also has a system of radio frequency tags that
are scattered in the stope faces before blasting. After blasting,
they join the recently blasted rock as it travels through the
mine transport system. As the tags pass the Geiger counters,
their identification can be determined, pinpointing the
location on the mine where ore or waste is coming from.

In the system the Geiger counter is connected to a
simulated class 4 running on class 2 hardware, and
communicating through software to the class 2 program
running on the same hardware. The link from the class 2 to
the class 1 is hardwired Ethernet TCP/IP and runs on the
mine’s control network. The communication protocol used is
AziSA TCP/IP, and the database on the class 1 complies with
AziSA specifications. A web server also running on the class
1 makes information from the system available to clients on
the mine, who can observe the radioactivity history of each
belt at any time.

The system does not provide the highest levels of the D-I-
K-W hierarchy, but does show how sensing can improve
mine management: problems in ore waste allocation can be
quickly identified, traced to source and corrected.

A rockfall early warning system

The Mine Health and Safety Council gazetted a project in
2006 to research and develop a system to provide mines with
an early warning of rockfalls. The CSIR was awarded the
project, and is using AziSA as the infrastructure to undertake
the monitoring3.

In this application, the parameters to be monitored are
still to be determined. There is no known unequivocal
precursor to a rockfall, so a major component of the work is
to monitor a number of potential precursors on a large
number of mines, in the hope of statistically linking a
particular precursor to a rockfall under specific circumstances.
As the project has developed, it has migrated from detecting
precursors to quantifying the risk of a rockfall in a particular
working place.

An AziSA compliant sensor network is being deployed at
a gold mine. Zigbee closure meters have been installed,
together with a class 2, PLC communications and a class 1.
At the time of writing, the system was being commissioned.
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In the short term, closure is the primary parameter that
will be monitored. Other parameters of interest are
microseismic activity in the panel (not to be confused with
mine-wide seismic activity), the thermal signature of loose
rocks in the hangingwall, and the state of rock as determined
by barring. In the case of barring, the miner doing the
barring can become a mobile sensor, with his location
determined by ultrasonic transducers. The location of good
and bad hangingwall conditions can therefore be mapped,
and continuity can be determined from day to day. In the
future, geotechnical information determined from drilling rate
can be added to the network.

In this application, alarms may be generated at all levels
of the hierarchy:

e A class 3 device can raise a local alarm, for example a
closure meter can determine from rapid closure that a
rockfall is imminent

e A class 2 device can raise an alarm in a panel, for
example if a number of microseismic sensors simulta-
neously start to indicate failure occurring at several
locations in the panel

e Aclass 1 device can take data from several locations
on the mine and pass that to a client system, which
could issue a warning based on a combination of local
closure, regional closure, regional seismicity and
current mining layouts. In this case, the warning is
likely to be of increased risk, rather than imminent
failure.

The future in platinum mines

The AziSA infrastructure can make it possible to measure
and manage aspects of a mine that are currently impossible
to deal with in real time. The list of potential applications is
long, but can include:

e Asset tracking

¢ In-stope text communication

¢ Energy use monitoring and control

e Drill utilization monitoring

¢ Emergency communications using PLC along power
lines instead of dedicated telephone lines

¢ Environmental management

¢ Scheduling optimization for locos and trackless
machine.

An emerging application is in personal environmental
monitoring. The exposure of miners to occupational health
hazards such as noise or diesel particulate matter can be
measured using personal dosimeters. To take prompt
management action to control sources of exposure, it is
necessary to link personal exposure to the source of exposure
in near real time. If personal dosimeters are part of an AziSA
network, as mobile sensors, and transmit their data back in
near real time, it then becomes possible see anomalous
events, for example a sudden increase in dust exposure, and
take management intervention, for example to increase
ventilation to the affected area. The benefit of linking to
personal dosimetry is that control of physical stressors is
concentrated in the areas of the mine where the most people
are present, limiting costs and increasing effectiveness of
control measures.
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Conclusion

AziSA is a set of standards and a reference implementation,
an architecture for a sensing and communication
infrastructure, and for a set of tools. AziSA is not an
application: many applications will run using underlying
AziSA architecture. However, AziSA can be used to define an
infrastructure for data acquisition and control, which can be
shared by a large number of applications.

At present, a prototype full implementation of AziSA is
being installed on a gold mine, to be followed before April
2009 by installations on several other mines, including
platinum mines.

As the implementation matures, it is hoped that manufac-
turers of mining instrumentation will start to make their
equipment AziSA compliant, to the benefit of the industry as
whole.

The concept has proved itself in its ability to provide
management information to control waste tipping at a gold
mine. Many other applications await.
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