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1. Generic information on VLF Technology

Due to the fact that the mining industry requires a long reading range, active tags are
commonly used for personnel and transport tracking. The main requirements for
collision warning (personnel detection) and personnel and transport tracking are very
similar:

Stable and predictable propagation of EM waves under different geological and
technological underground conditions;

Reliable reading of personnel or transport tags independent of the tag’s spatial
orientation and mutual position of a reader and the tag;

The presence of mining machinery or equipment should not affect the size or
shape of the warning zone or the ability to read tags reliably.

For many years, NIOSH and MSHA in USA have conducted extensive research into
collision prevention. That resulted in the profound understanding of the problem and
development of very detailed collision warning system requirements. As an example,
MSHA “Proximity Protection System Specification” dated 04 October 2004 requires
creation of an accurate protection zone around a CM. Below are some of the main
specifications:

Zone should be adjustable from 0,6 m to 8 m with an accuracy of + 0,3 m;
System. parameters should not be affected by the presence of large metallic
objects;

System accuracy should-not-be affected by rotation of the personal tag about its
X, Y and Z axes, etc.

Contemporary active tags usefully employ a VHF/UHF transmitter for one-way
communication between a tag and a reader. A few systems that use two-way
communication tags, which operate in VHF/UHF and GHz band are still available on the
market.

Is it feasible to-obtain the required accuracy in VHF/UHF bands? How do EM waves of
these spectrums propagate in underground conditions?

A large number of publications devoted to underground propagation of EM waves in this
part of the EM spectrum have appeared for the past 50 years. Worldwide research
results had covered all possible aspects of the. problem. Analysis of these data
provides more than enough information on the propagation conditions. Here are some
results.

Variations of the signal strength up to 20 dB could be observed over the cross-section
of the tunnel/road even without any moving machinery or personnel. Mutual spatial
orientation and antenna polarization of TX and RX could add another 10 —15 dB to this
instability. These could be attributed to multipath scattering resulting in a situation where
direct and scattered waves interference reinforce or cancel each other. The size and
location of these “dead” zones are impossible to predict or calculate. Moving machinery
and even personnel could make these effects worse.

Increasing transmitting power and use of directional antennas for speech or data
transmission could mitigate these effects. Nevertheless, this approach could not be



used for creating stable and predictable warning zones underground for collision
warning and tracking.

Another aspect that negatively affects stability of VHF and UHF propagation is
abnormally long distance propagation via inadvertent wave-guides formed by random
conductors. The signal could propagate up to hundreds of meters in a system tuned to
operate at 10 - 15 m only.

It should be noted that an electric field component propagates due to the capacitive
coupling into conductors and magnetic field components due to the mutually inductive
coupling between the radiation source and a random conductor. The voltage transfer is
proportional to frequency and rises at about 6 dB per octave.

One-way VHF/UHF communication tags for personnel detection and tracking have been
on the international mining market for more than 15 years. . Unfortunately, after
extensive testing of different systems based on such a tag in Canada, USA, Germany,
Australia, South Africa and other countries this approach has been dropped worldwide.
Poor efficiency of systems based on such types of tag is mostly attributed to the way in
which VHF/UHF EM waves propagate.

A one-way communication VHF tag also suffers from a conceptual drawback. As the
tag always transmits an ID code at a random interval or periodically, it leads to the
situation when hundreds of tags pollute the underground EM environment. In some
cases it even-affects the leaky feeder communication systems.

That is why VAK and “Selectronic™ introduced a new concept based on Very Low
Frequency (VLF) technology. Here'is a description of the practical implementation and
advantages of the VLF technology used in this development. Here are some
fundamental postulates:

VLF signal could be radiated via a loop antenna of surface from 0,1 m? up to
any practical limit;

Depending on the antenna’s orientation a circular or elliptical (1,3 x/y ratio)
transmitting zone could be obtained,;

A stable and predictable communication distance up to 20 m-could be obtained
within 1S limits with a transmitting antenna of about 1,0 m?;

Communication distance is not affected by geological or technological
underground conditions;

VHF signal propagates through the rocks.

VLF signal could be received via a loop antenna;

Communication distance depends only on the transmitted magnetic moment N
and the receiver’s sensitivity.

Due to the VLF, the level of capacitive coupling of the signal into random conductors is
about 60 dB less than in the VHF band that prevents abnormal long-distance
propagation of the VLF signal. Magnetic coupling into random conductive loops is also
not significant as it is highly improbable that those loops will be accidentally tuned on
the transmitting signal with wavelength of about 30 km.

Therefore, it is obvious that the most important advantage of the VLF technology over
the VHF/UHF is the formation of a very stable and predictable EM field.



2. The Collision Warning System background and spec ification

The first generation CWS500U was supplied to Greenside Colliery (South Africa) in
March 2006. The system was installed in Mapula Section and has been operating
successfully since that time without a single problem. Six other CWS500s were installed
by the middle of 2007.

The new CWS800U provides the same functionality as CWS500:

A warning zone of up to 6 m is created in front and back of each shuttle car.

A blinking headlight alarms a miner on incoming danger.

A test unit in the lamp room automatically monitors a miner’'s tag operation each
time a miner passes the unit.

In addition, the CWS800U implements the following functions:

Warning a vehicle’'s driver on the presences a miner with a tag in 3,0 m or less
proximity.

The machine unit on a vehicle provides warning field self-diagnostics.

In addition to cap-lamp blinking an audio alarm to a miner is provided.

A fixed.installed option for tipping point warning is available.

A test unit also provides records of cap-lamps ID taking and return to-the lamp-
room.

The system can be installed on any machine underground, for example a LHD, and
requires an on-board.12 V DC power source. Selectronic or VAK should approve the
adaptation of the system for a machine.

VAK Technical Solutions is the holder of South African Patent 2006/03514 that protects
method of collision warning and implemented design.

3. The system structure

The following description is given for coal section application.
The system consists of:
- Number of miner’s tags;
Machine unit(s) with drivers loop(s);
Ferrite loop antennas (two on each shuttle car and one per fixed
installation, for example at a tipping point);
Alarm unit(s) for each shuttle car;
Fixed alarm unit for a tipping point;
Intrinsically safe (IS) two-channel power supplies (if IS required);
Single-channel IS power supply for the tipping point (if IS required);
Test unit for tag’s testing and identification;
PC for test unit ID data logging (not supplied).



3.1 Machine unit.

The Machine Unit (MU) is installed under a shuttle car driver's seat. The unit consists
of two galvanically separated identical channels “Master” and “Slave”. Communication
between channels is implemented via an optical coupling that enables 2,500 V
electrical separations. The use of two channels is imposed by IS requirements to drive
two ferrite loop antennas simultaneously.

When a shuttle car is energized the MU generates a coded VLF warning signal that
provides identification of the shuttle car. The unit produces required signal for two
galvanically separated transmitters to drive two ferrite loop antennas, which create
warning zones in front and back of a shuttle car. The unit has two potentiometers,
“Power Field 1" and “Power Field 2” that enable it to continuously adjust the warning
zone from 0 up to 9-10,0 m. This distance is measured from the loop antenna.

Before adjusting these potentiometers a brake’s lever should be released by turning it
anticlockwise. After.adjustment, lock the potentiometers again by rotating the lever
clockwise:

Machine unit panel

The MU provides constant monitoring of both warning zone’s presence. If either of two
warning zones disappears or collapses to 30 % (2,5-3,0 m of warning distance) a
constant audio warning signal from an alarm unit warns the driver that the system is out
of order. That warning is also activated when the warning zone size power setting is too
low.

A small 500 mm diameter flexible loop antenna must be deployed behind or under the
driver’'s seat. This antenna provides disabling of the driver’'s tag when the driver is in the
cabin. The potentiometer marked “Power driver’s field” must be set at the level when a
driver’'s cap lamp stops blinking when the driver is in the cabin.



Machine unit assembled

Each MU channel requires a 12,0 V, 1,8 A impulse current. The average current
consumption is about 0,9 A per channel.

3.2 Miner’s tag

The tag presents a printed circuit board (PCB) of 1,5 mm thickness installed on four
terminals of the Willard or FNB cap-lamp battery (the type of battery should be specified
in an order). Mechanically and electrically the PCB is connected by means of four
existing nuts. The PCB also incorporates a polyswitch. The tag’s PCB could be re-sized
for any type of cap-lamp battery.

Miner’s tag, upper side



The tag consists of a three-axis VLF receiver, a microprocessor, a UHF transmitter and
headlight blinking and buzzering circuits. A buzzer is installed in-line with a headlight
cable. The three-axis receiver enables to obtain the constant VLF receiver sensitivity
that does not depend on the receiver’s spatial orientation. That provides a stable and
controllable sensing of the warning zone.

Miner’s tag, bottom view

When a miner is in dangerous proximity to a shuttle car the tag receives a VLF ID signal
and re-transmits this ID signal in the UHF band. Simultaneously the tag blinks a miner’s
headlight in 0,3-second intervals and activates a buzzer.

The blinking circuit does not affect the cap-lamp performance, as the voltage drop over
this circuit is only about 25 mV.

The tag obtains its power from a cap-lamp battery. The tag current consumption is less
than 0,1 mA. This consumption increases to about 20 mA when a miner is in a
dangerous zone as UHF transmitter and alarm signals consume additional current. The
tag transmits only when a miner is in a dangerous zone, therefore, pollution of EM
spectrum by the tag is minimal.

Note:

A new Universal tag is under development. The Universal CWS800 tag will be potted in
a plastic enclosure 40 x 40 x 13 mm with three wires for connection to any type of
battery 3,5-5,0 V.



3.3 Ferrite loop antenna.

The ferrite loop antenna consists of an injection-moulded antistatic plastic enclosure
about 340 x 100 x 100 mm. A ferrite loop antenna is potted together with the required
components. The total weight of the antenna is about 7,0 kg. The antenna has an IP67
socket for cable connection. The antenna should be mounted on at least 100 mm high
round 16 mm diameter studs with M8 thread. At least 100 mm clearance between the
antenna’s body and steel structure must be provided.

Ferrite loop antenna

Both antennas are connected to the machine unit. Two independent VLF amplifiers in
the machine unit power the corresponding loop antennas.

A third small flexible wire driver’'s loop antenna is also connected to the machine unit
and positioned behind or under the driver’'s seat.

3.4 Alarm unit

The Alarm Unit (AU) provides audio warning to a driver when the distance between a
miner and a car reduces to half of the warning zone. It receives a UHF ID signal re-
transmitted by a miner’s tag when the miner is within a warning zone. The AU calculates
the distance between the miner and a vehicle and when it drops to the pre-programmed
value (standard value is 50 % of the maximum warning distance) activates an audible
alarm.

The AU also provides the system’s diagnostics. It generates a continuous audio warning
if the warning zone size is less than 30 % of the maximum. Such a situation could occur
when MU or ferrite antennas are faulty or an antenna’s cable damaged. The AU also
gives warning if the power setting (size of warning zone) is pre-set too low. In this case
it is required to increase power settings and restart a shuttle car.
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Alarm unit

As a warning zone signal is coded with a shuttle car's ID each AU should be
programmed with the particular vehicle ID. This is a “self-learning” process. When the
whole system is connected and ON, a tag should be brought into the warning zone.
Open the AU, press and keep a button on PCB until green the LED start flashing.
Release the button.

The AU has two groups of changeover contact outputs, which are activated
simultaneously with audio alarm. These contacts could be used for additional visual
alarm, etc.

Note:

Selectronic/VAK do not accept any responsibility for consequences following the

utilization of these contacts by a customer.

3.5 Intrinsically safe power supply

An IS PS is installed in the existing flameproof enclosure (FPE) of a shuttle car and
connected to 110 V AC that is activated when a shuttle car starts moving.

The IS PS operates from 100 V AC up to 250 V AC. The power supply enclosure has
dimensions 200 x 125 x 105 mm and contains two galvanically separated IS channels,
each provides DC 12,0 V; 1,8 A. The PS weight is 1,2 kg.

Warning: Never interconnect IS channels! This violates IS requirements.
Note:
When intrinsic safety is not required, it is possible to use a single channel 12 V, 3,6 A

power supply. Plus and minus 12 V terminals in the MU should be connected in parallel.
An average current consumption will be about 1,8 A.
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Two channel intrinsically safe power supply

3.6  Test unit.

A Test Unit (TU) consists of a low power VLF transmitter, a loop antenna, UHF receiver
and a communication RS232 interface. The VLF field carries an instruction to activate a
tag’s UHF transmitter and transmit a cap-lamp ID.

The loop antenna should be deployed in a position that provides activation of miners
tags as they leave a lamp room. It is possible to install the antenna on walls, floor or
ceiling.

Test unit PCB
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While a miner's tag is activated it blinks his headlight and beeps a buzzer.
Simultaneously, the tag’s UHF transmitter sends a cap-lamp ID number. The TU
receives this ID and logs it into a lamp room PC.

The test unit required 220 V AC for operation. Power consumption is about 16 W.

4. The system operation

When a miner takes his cap-lamp from the lamp-room he passes a VLF field created by
the TU. The miner’'s tag responds with an UHF ID signal. This signal is received by the
TU and logged into a lamp-room PC with a time stamp when this cap-lamp was taken.

Underground, while a shuttle car is inoperative no voltage is applied to the IS PS and no
warning field is created around the car. Miners in close proximity receive no warning
signal and their headlights do not blink.

When a shuttle car is activated, the MU is supplied with 12 V and generates ID coded
VLF signals that provide warning zones via two antennas in front and back of a shuttle
car. Any tag in the warning zone of the particular car receives the ID VLF warning
signal. A miner's headlight blinks and a buzzer sounds, alerting a lamp carrier (miner)
on impending danger. Simultaneously, the tag’s UHF transmitter re-transmits the
received ID of the shuttle car. Due to the coded VLF signal only the shuttle that impose
a danger to the miner receives this UHF signal.

If the miner in danger does not to clear the way and distance to the vehicle reduces to
about half of the warning zone (approximately 3,0 m) — a warning signal in the cabin will
warn a shuttle car driver of the miner's presence in very close proximity. Such delayed
warning reduces the number of unnecessary alarms for a driver and improves the
system acceptability. The distance when a driver's alarm is activated can be
reprogrammed on request while placing an order.

Increasing driver's warning zone from 50 % to 70 % doubles number of unnecessary
alarms for a driver! That could affect negatively the system acceptance by workforces.

A driver’s own tag is disabled when the driver is in the cabin, but activated again when
the driver leaves the cabin.

5. The system deployment, testing and maintenance

The system has been designed with “Plug-and-Play” functionality in mind.
5.1 Tag.

The process of the tag retrofitting is simple and straightforward. At first, all nuts,
washers, lamp cable and a polyswithch should be removed from a battery.
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The tag’s PCB should be lowered on four battery’s contacts with three coils and an FET
transistor up and bolted to the battery’s four terminals.

Tag functionality is tested automatically each time a miner leaves the lamp-room and
passes the TU. A miner’s headlight is blinks and a buzzer sounds in the same manner
as underground.

5.2 Machine unit.

The enclosure should be installed under the driver’'s seat on short studs. A driver’s loop
antenna should be attached to the rear or under the driver’s seat.

The unit has two glands for connection of two IS power supplies and four glands to
connect two ferrite loop antennas, the driver’s loop and the AU. Electrical connection
diagram is given in Attachment.

Warning:

Observe polarity while connecting the power supply(s)!

The MU has a wrong-polarity protection circuit that works only with IS PS. Both
channels are protected by means of a powerful diode connected in reverse polarity to
the “plus” and “minus” terminals. In case of wrong polarity connection this diode
represents a short circuit for the IS PS. The IS protection circuit of PS disconnects the
PS output from the MU within 1,5 s.

This protection does not function in use on a non-I1S PS.

5.3  Ferrite Loop antennas.

Due to the length of a shuttle (9,0 m) and no space available in the middle of the car for
installation of a single antenna, two antennas should always be installed.

One antenna is mounted over the right side front traction motor and the second is
installed under the cabin roof. Other installation places are possible in order to obtain
the desirable warning zone.

Both antennas must be installed on at least 100 mm height studs. At least 100 mm
clearance should be provided between an antenna’s body and the steel structure,
otherwise shorter warning distance could be expected.

The long axes of the antenna should be orientated along the shuttle car to obtain the
longest warning range. In order to obtain the maximum warning distance, both antennas
must be orientated in opposite directions, for example with plugs towards each other or
opposite. VAK or Selectronic should approve installation location.
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5.4  Alarm unit.

The AU is positioned in a cabin in an accessible place and connected to the MU. The
AU provides receiving of an UHF ID signal from miner’s tags and an audible alarm for a
driver.

5.5 Intrinsically safe power supply.

The IS PS must be installed into a shuttle car's FPE.

Warning:

Observe polarity during a cable connection.

Never interconnect channels outputs.

5.6  Test unit.

The TU should be installed on the wall in an area that each miner passes after receiving

his cap lamp. The preferred position is near a door that will guarantee that each and
every tag will be read.

Attachments

1. Block Diagram
2. Electrical interconnection between the system devices.

3. South African IS certification.
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