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1 INTENDED AUDIENCE

An output of the INDIRES project is user documentation for each of the products
produced during the project. However, the status of the various products differs and,
for this reason, the intended audience for the User Documentation will be different for
each product. It is necessary, therefore, to indicate the type of user who will benefit
from this particular User Document.

The guidewire communication system described here was fully prototyped and tested
in a mine environment. As such, the information provided in this User Document could
be utilised by end users who have a need for the exact functionality provided by the
INDIRES prototypes. Such users can consider the instructions on how to use the
guidewire equipment as definitive.

It is important to recognise, though, that the prototypes produced in INDIRES made
use of commercially available CB transceivers, that were re-housed in ATEX certified
casings to permit their use in coal mines. The same approach could be used for
organisations requiring just a few units, but organisations needing a larger number of
units will almost certainly prefer to develop, or arrange for a third-party to design and
develop, their own units that can be manufactured in volume. For that reason, it is
anticipated that this User Document will also be relevant to organisations who intend
to develop equipment that can be used as part of the guidewire communication
system.

End users or developers who want to know more, and perhaps to discuss possible
collaborative opportunities, are referred to Section 6.
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2 INTRODUCTION

2.1 The Guidewire Concept

The “guidewire” communication system that has been developed in the INDIRES
project allows mines rescue personnel to communicate along a tunnel when the
mine’s normal communication system is not operating following an incident. It
provides communication over a range of up to 1km, and this can be increased to
several kilometres by using in-line amplifiers. It is independent of the tunnel
dimensions and is unaffected by bends in the tunnel.

The system works in the same way as the leaky feeder systems that are used in road
and railway tunnels and in some mines. Signals are transmitted along the cable, but
the users do not need to connect any equipment to that cable. Instead, they just need
to be within a few metres of the cable. Normal leaky feeder systems use a special type
of cable which is expensive and heavy. However, the cable used in this system is
smaller and lighter, for ease of deployment, and it is cheap enough to be used and then
discarded. This latter point is important because of the risk of damage to the cable
during the rescue operation.

Some wire-guided systems have previously been developed for emergency
communication during mines rescue operations. However, that equipment required
the user to hold a handset very close to the line, or even to clip onto it. The system
presented here, however, allows users to operate with their handsets more distant
from the line, often up to a few metres. This, therefore, would be less disrupting to the
rescue action. Rescuers could, for example, communicate while walking normally
along a gallery.

2.2 System Overview

A system diagram is shown in Figure 1.

Figure 1 — General System Layout

It will be noticed that communication is possible between a base station radio, which
is directly connected to the coaxial cable, and one or more mobile handheld radios
which are not directly connected. Communication is also possible between two
handheld radios although often over a shorter range.

2.3 Equipment Details

The main emphasis of the work carried out in the project was the development of a
communication method. The hardware used for the base station and the handsets can
be met by off-the-shelf equipment, specifically CB radios that operate in the 27MHz
band. To demonstrate the technique, therefore, commercially available radios were
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re-housed in new enclosures that provided equipment that was tougher and more
waterproof and, therefore, better suited to use underground, and which would permit
ATEX certification. The units produced in INDIRES have not actually been ATEX
certified, but the voltage, current, and RF power levels used are compatible with
certification as a Group | Ex ia (intrinsically safe) device. Therefore, users could quite
easily adapt the design for ATEX certification in the future, or design and build similar
ATEX certified hardware.

The equipment that was prototyped and used in field trials is shown in Figure 2.

Figure 2 — Prototype Radios — Left: Base Station, Right: Handheld

For organisations that require only a small number of units, the same approach of
re-packaging off-the-shelf radios in rugged, ATEX enclosures could be used.

Organisations that require a larger stock of equipment would need to design and
manufacture their own equipment. However, although the technique developed in
INDIRES is novel, the radio equipment used is standard, so it is not considered
onerous for organisations to undertake such a design exercise.
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3 CABLE DETAILS AND PREPARATION

3.1 Cable Specification

The guidewire system uses a cable that has not been designed as a leaky feeder — this
is why it is so inexpensive. However, the specific cable was chosen after carrying out
tests on a range of cables, and other cables will not work as well. It is important,
therefore, to use the same cable that was used during the development of this system
or, if that isn’t possible, a cable with a very similar specification should be used. Using
a cable with a different specification will probably reduce the range very significantly.
In particular, cables which have specifications that seem to be better (e.g. cables with
a shield comprising both foil and braid, or which have a higher percentage coverage
braid shield, and therefore have a lower attenuation per unit length) will usually
perform much worse for this application.

The specific type of cable is intended for use with domestic TV antennas. It is available
from electronic equipment and component supplier Farnell or CPC Farnell as the parts
shown in Table 1. Note that all these cables are identical electrically, and where there
are differences, this is only in the colour of the outer jacket and/or the length of cable
on the drum. Also, some products are identical. For example, Farnell’s 3383250 is the
same as CPC Farnell’s CB14616, and Farnell’s 3383251 is identical to CPC Farnell’s
CB14617.

Supplier | Part No. | Manufacturer | Description Reel Price
Length | (3+)

Farnell 3383250 | Pro Power LOWLOSS CCAFF - LOW LOSS 100m | £12.40
BROWN CCA F/FILLED

CPC CB14616 | Pro Power CCA F/Filled Low Loss Coaxial | 100m | £12.01

Farnell Cable Brown

Farnell 3383251 | Pro Power LOWLOSS CCAFF - LOW LOSS 100m | £12.40
WHITE CCA F/FILLED

CPC CB14617 | Pro Power CCA F/Filled Low Loss Coaxial | 100m | £10.53

Farnell Cable White

CPC CB15098 | Pro Power CCA F/Filled Low Loss Coaxial | 250m | £27.81

Farnell Cable White

Table 1 — Suitable Cable Types

Although the version of the cable with the brown outer jack was used while testing the
system, the version with the white outer jacket is more suitable because it will be
more visible in a mine environment and hence less likely to damage by footfall.

Also, assuming that communication is required over a distance of at least 250m, it is
recommended that 250m reels are used because this will require less preparatory
work in terminating the cable so that reels can be connected together during
deployment.
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Because future availability of these cables cannot be guaranteed from these suppliers,
details are provided so that equivalent cables can be obtained from other
manufacturers and suppliers. A photo of the cable is provided as Figure 3 and the
specification is provided in Table 2.

Figure 3-3383250 / CB14616 (Alternatives Identical Except for Jacket Colour)

Nominal Impendence 75Q
Capacitance 69pF/m
Attenuation @ 50MHz 11.0dB/100m

@ 100MHz 18.0dB/100m

@200MHz 20.5dB/100m

@800MHz 30.5dB/100m

@ 1000MHz 33.8dB/100m

Conductor Resistance <120Q/km

Insulation Resistance >5000MQ x km

Inner Conductor 1/1.02mm copper-plated steel

Inner Insulator (Dielectric) @4.7mm air-spaced polyethylene

Shield 16 x 4/0.12mmcopper-clad aluminium (40% coverage)
Jacket @6.5mm PVC (0.7mm wall thickness)

Table 2 — Cable Specification

3.2 Connections Preparation and Testing
3.2.1 Requirement

The cable is supplied in 200m or 250m reels, so reels need to be connected together in
order to provide longer runs and, therefore, allow communication over a longer
distance. The obvious method is to solder plugs onto both ends of each cable segment.
This would allow the reels to be connected together in the mine using female-female
adapters. However, because the cable is a particularly lightweight design, for which
ideal plugs are not available, it was found that it is not easy to solder the plugs to the
cable without damaging it. For this reason, the following method involving pig-tails is
recommended.
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The method involves splicing a short length of pre-made cable with a connector at one
end (this assembly is called a pig-tail) to a longer cable. This method allows the
installation of connectors in a controlled and repetitive manner. In this case, pig-
tailing was done using standard crimp N-type plugs and RG-58 cable. The process
comprises two main operations: preparing the pig-tails and splicing them to the cable.
These two operations are described in Section 3.2.3 and Section 3.2.4, respectively.
Testing is also important, as detailed in Section 3.2.5.

Another — and more convenient — option is to purchase an N-Male to N-Male cable
assembly (for example, ref CBA-NM-NM1 from RF Solutions, available from CPC
Farnell — part number RFO0370, or from Farnell — part number 3404268) and cut it in
half to form two pig-tails. In this case, ignore Section 3.2.2, and also omit Steps 1-4 of
Section 3.2.3, proceeding directly to Step 5.

3.2.2 Connectors

Any N type plug intended for RG58 cable will be appropriate. They can be sourced
easily from any major electronic components supplier, like RS, Farnell, Mouser, etc.

A suitable one from Amphenol has the manufacturer’s reference N1121A1-NT3G-1-50.
The RS part number is 700-9543 and the Farnell part number is 1111381.

3.2.3 Preparing the Pig-tails
1. Start by cutting a length of RG-58 cable (400-500mm).

2. Strip its outer jacket at one end, cut the braid to length, and strip the central
insulation, according to the instructions of connector’s manufacturer. For the
Amphenol N1121A1-NT3G-1-50, these are as shown in Figure 4, and the
specification sheet is reproduced as Appendix A (Section 6).

4 37 -—f".,.‘_——‘
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I ] \
R ,.

/

L

Figure 4 — Amphenol N1121A1-NT3G-1-50 Recommended Stripping Dimensions

3. Then, crimp the pin to the central conductor, and push it into the connector
body until it is retained. This results in the braid being trapped between the
connector body and a ferrule, so the final step is to crimp the ferrule.

4. Place on the crimped ferrule a short length of self-gluing shrinking tube. It
should cover the ferrule and 5.0 - 7.5mm of the adjacent cable jacket. Shrink it
applying heath with a hot-air gun.

5. Strip the outer jacket at the other end of the cable, and also strip the inner
insulator from the inner conductor. The central conductor should be cut 10-
20mm shorter than the braid, because some braid overlap will be needed when
splicing the pig-tail to the leaky feeder.
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Figure 5 — Pigtail Splicing Diagram, Including Stripping Dimensions (mm)

6. Test the pig-tails for electrical continuity and short circuits using a continuity
tester or a test meter. This involves the following actions:

a. Make sure that the stripped part of the inner conductor is not touching the

outer conductor at the end of the cable that does not have the N-type plug
attached. Any contact will invalidate the first of these measurements
because it will suggest that there is a short circuit inside the N-type plug.

. Check between the casing and the centre pin of the N-type plug on the end

of the pig-tail. If continuity (or a low resistance) is found between these two
points then there is a short circuit in the N-type plug and this must be
corrected.

Check between the centre pin of the N-type plug and the centre conductor of
the other end of the cable, and between the casing of the N-type plug and
the outer conductor (the braid) of the other end of the cable. If continuity
(or an extremely low resistance) is not found in either of these cases then
the N-type has not been fitted correctly and this must be corrected.

These main steps (excluding the testing for continuity and shorts) are shown in the
right-hand part of Figure 6 and the left-hand part of Figure 7. Finished pig-tails are
shown in the right-hand part of Figure 7.

Figure 6 — Pig-tail Blanks (left) and Stages for Attaching Connectors (right)

12
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Figure 7 — Installing Connectors (left), Cable Blanks and Finished Pig-tails (right)

3.2.4

Attaching Pig-tails to Cable

1. Extract the buried end of the reel of coax from the centre of the drum, as shown
in Figure 8 or, as an alternate approach, re-reel it onto a suitable auxiliary
drum, taking care not to bury the end.

2. Attach a pig-tail to both ends of the reel of cable as follows, as illustrated in
Figure 9. The procedure for each end is as follows:

a.

Strip the outer jacket at the end of the reel of cable, and also strip the inner
insulator from the inner conductor (see Figure 5 for dimensions).

Solder the central conductor of the pig-tail to the central conductor of the
main cable.

Insulate this with heat shrink tube which, of course, must have been
threaded onto the cable before soldering.

Solder the braid of the pig-tail to the braid of the main cable.

Protect it with heat shrink tube, of the type that has fusible glue inside,
again remembering to thread it onto the cable before soldering. The glue
will melt when shrinking, protecting the cable in an effective manner
against water ingress.
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Figure 8 — Extracting Buried End for Splicing Pig-tails

Figure 9 — Splicing a Pig-tail to the Main Cable

Figure 10 — Ready for Splicing and Finished Reels (left),
and Reels Ready for Transport (right)
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3.2.5 Final Testing

Testing the cable after attaching the pig-tails to both ends involves checking for
electrical continuity and short circuits using a continuity tester or a test meter. This
requires the following two steps.

1. Check between the casing and the inner pin of the N-type plug on either end of
the cable. If continuity (or a low resistance) is found between these two points,
then there is a short circuit between the inner and outer conductors of the
cable and this should be corrected. If the pig-tails were tested individually and
they passed, this will most likely be due to a fault in the splice between one of
the pig-tails and the main cable.

2. Check between the casing of the N-type plug on one end of the cable and the
casing of the N-type plug on the other end of the cable, and between the inner
pin of the N-type plug on one end of the cable and the inner pin of the N-type
plug on the other end of the cable. If continuity (or an extremely low
resistance) is not found in either of these cases, then there is an open circuit
and this should be corrected. If the pig-tails were tested individually and they
passed, this will most likely be due to a fault in the splice between one of the
pig-tails and the main cable.
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4 CABLE DEPLOYMENT

Before communication is possible, it is necessary to deploy the cable along the gallery
in which communication is required. That procedure is described here. Note that,
before you deploy the cable, it is necessary for the reels of cable to have been
prepared by the addition of pig-tails, as described in Section 3.2.

4.1 Check List
As a check, the following equipment and parts are required:

A base station radio. This remains at the start of the cable run, all the other
equipment is carried by the cable laying party.

At least one handheld radio.

Several reels of cable, with pig-tails attached. The number of reels and their
length depends on the expected length of the communication path. 250m reels
are recommended, although it might be beneficial to carry one 100m reel which
could be used if it appears, from “checking as you go™ that the limit of
communication is being approached. If there is sufficient manpower, it might
also be a good idea to carry an extra reel which can be used if a fault is found in
one reel.

Several N-type female-female adapters. You need one adapter less than the

number of reels of cable, but it is a good idea to carry a few spares, because
these are small items that might get lost during installation.

Figure 11 — N-type Female-Female Adaptor

A 50Q dummy load. Again, it would be wise to carry a spare.

Figure 12 — Dummy Load
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e Afew reels of self-amalgamating tape, for ensuring that joints in the cable are
waterproof. This is not needed in a mine that can be guaranteed to be totally
dry.

e A pair of small cutters to remove self-amalgamating tape from joints, and an
ATEX continuity tester or test meter to check for open- or short-circuits. These
items are highly recommended to assist in finding the cause of any faults that
are found during cable deployment or during operation after deployment.

4.2 Check as You Go

The quickest way to deploy the cable is to simply lay it out along the gallery, joining
segments together are necessary, until the end point is reached. With this approach,
after deployment is complete, it is assumed that the system will work and that
communication will then be possible between that end point and the base station and,
probably, with other users of handheld radios along the cable. However, this is not the
best method, so the instructions provided here suggest a different approach.

The problem with laying out all the cable before attempting to use the system is that, if
it doesn’t work, it is not at all obvious where the problem lies because there are many
potential points of failure including:

e afaultin the base station radio,

e afaultin the handheld radio,

e damage to one or more segments of the cable,

e two segments of the cable not being properly connected together.

For this reason, the method of deployment described here adopts a “check as you go”
philosophy in which the integrity of the system is checked after each reel of cable has
unrolled, as a minimum.

4.3 Practical Instructions

To deploy the cable, following a method that adheres to the “check as you go”
philosophy, the following steps should be carried out:

1. Connect the loose outer end of the first reel of cable to the base station radio
(which will usually be located in a safe place) by plugging it into the radio’s
antenna socket. Also, prepare the base station for operation, as described in
Section 5.1 and ensure that someone remains at the base station to listen for,
and respond to, any communication from the cable laying party.

2. Secure that cable, close to the base station, to a fixed object. This prevents
strain on the connection between the cable and the base station radio, or the
radio being dragged along the gallery, when the cable is being unrolled.

3. Lay out the reel of cable along the floor of the gallery. It is better to lay the cable
close to a galley wall than to lay it in the middle of the gallery because this will
reduce the likelihood of other members of the rescue team walking on it and
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8.

potentially causing damage to the cable. Note that reels can be partial or totally
uncoiled, without affecting the performance of the system. Also, try to avoid
laying significant portions of the cable in standing water. Although this will not
affect the operation of the system as a whole, it is likely that communication
will not be possible to a handset that is adjacent to a submerged section of
cable.

When the reel of cable has been unrolled, attach a 5000 dummy load to the end
of the cable. Make sure that the dummy load is not allowed to come into contact
with water. Also, if this is the last reel of cable and a check has already been
made on the system integrity by making contact the base station, protect the
dummy load and its connection to the cable from water ingress using self-
amalgamating tape (unless it can be guaranteed that the mine is totally dry). Do
not do use the self-amalgamating tape if this is not the last reel of cable because
the dummy load will only be connected temporarily.

Now, using a handheld radio according to the instructions provided in

Section 5, attempt to make contact with the base station. Also check that it’s
possible to make contact at a normal distance of 2m from the cable because, if
communication is possible close to the cable but not a 2m, this might suggest
that the limit of communication is being approached. Such an observation
might suggest that the next reel to be unrolled should be a 100m reel instead of
a 250m reel. If communication is achieved, continue with the deployment
procedure at Step 6. If not, it is pointless to continue so the cause of the fault
should be investigated and corrected before continuing.

Remove the 5002 dummy load from the end of the cable and keep it safe.

Connect the end of the next reel of cable to the end of the most recently
unrolled reel using an N-type female-female adaptor. Although these adaptors
will provide some protection again the ingress of water, it is highly
recommended that the connection between the two reels of cable is not
allowed to come into contact with standing water and that it is not positioned
close to any pools of water into which it might be dragged as the next reel of
cable is unrolled. Protect the whole of the joint area — from before the N-type
plug on one reel of cable, to after the N-type plug on the other reel of cable,
therefore including both N-type plugs, the N-type female-female adapter and a
few centimetres of both cables —-from water ingress using self-amalgamating
tape (unless it can be guaranteed that the mine is totally dry).

Go back to Step 3 to continue with the next reel of cable.

As an alternative to this method, and to give a more immediate indication of a fault, it
is possible for checks to be made by talking to the base station while the cable is being
unrolled, not only after each reel has been unrolled. However, this will not always be
possible because it requires the availability of a person in the cable laying team who
can operate a handheld radio during the unrolling process. To allow continuous
testing to be carried out, the dummy load should be attached to the inner end of a
cable that is currently being unrolled and kept in place until it has been fully unrolled
and any further communication checks carried out.
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4.4 Cable Removal

The rationale of this system was that it should use a cable that is sufficiently cheap
that it can be discarded following a rescue operation. This is because a cable which is
deployed quickly during a rescue action will not be adequately protected from
incidents including people walking on it, or rock or other equipment falling on it. For
this reason, it would not be safe to use it again in a rescue operation without
inspecting and testing it, both of which are likely to be expensive activities. In fact,
even if an organisation was prepared to check the cable carefully before any reuse, it
is important to recognise that invisible damage could have occurred during the rescue
and, although that might not affect its performance immediately, such a cable could be
liable to future and sudden failure. For this reason, salvaged cable should never used
in a rescue action. However, it is possible that such cables could be used for rescue
training purposes.

If the cable is not going to be used again, the easiest and quickest way to remove it
from the gallery after the rescue has finished is just to put it into one or more sacks,
making no attempt to roll it up or prevent any further damage.

However, if an organisation does intend to use it again, perhaps for rescue training
(but definitely not for operational use in a rescue), and is prepared to spend time in
checking its integrity before re-use, it is essential to roll it up to prevent any damage
from occurring. Rolling it up onto the reels on which the cable was supplied is a slow
process (and it is possible that those cardboard reels could have suffered water
damage during the rescue), so it is recommended that specially made re-reeling
drums, ideally mounted on a cart or trolley, are used, as shown in Figure 13.
Experience suggests that it is feasible to roll up the cable in lengths of up to 200-250m
and that this can be carried out fairly quickly, although it is recognised that it will be
more difficult in a mine gallery with a rough floor than in the environment shown in
Figure 13.

Figure 13 — Salvaging a Used Cable for Training Use Only
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5 OPERATION

5.1 Equipment Maintenance

All equipment that forms part of this system should be battery powered and care
should be taken to ensure that all equipment is kept in a state of readiness so it can
immediately be used in a rescue. In particular, batteries should be in good condition
(i.e. new enough that they are able to maintain a good level of charge) and fully
charged. Two packs of NiMH batteries (8 x 1.2V = 9.6V, 2300mAh nominal capacity)
are used. These packs are made of AA size cells, which can be replaced by opening the
enclosure (See D1.5 for details).

The prototype equipment is charged via a socket on the case, using the charger
provided with the equipment. The chargers are the standard ones supplied by Midland
with the ALAN-42DS transceiver, fitted with a plug that is compatible with the socket
on the case. The charging socket is a standard 5.5mm barrel connector, with a 2.5mm
central pin. It is located next to the 4-pin M12 audio connector, and it is mechanically
protected when the equipment is in use — see Figure 14. At the left is the portable unit
— note the red charging LED close to the connectors — and at the right is the base
station — the window for charge monitoring is located below the connectors.

Figure 14 — Audio and Charging Connectors (with Mechanical Protection in Place)

To access the charging socket, the mechanical protection (held in place by a
thumbscrew) should be removed. In Figure 15, the protectors are shown removed, and
the charging jack plugged in. The charge state is signalled by a LED in the case of the
portable unit or by an internal LED (visible through a window in the case) in the base
station, as shown in Figure 15.
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Figure 15 — Prototype Radios with Battery Charger Plugged in (Charging)

Charging employs the standard (slow) charging method. Therefore, it will take around
12 hours to get a full charge if the batteries are empty. Please refer to page 6 of the
ALAN-42DS user’s manual (section “Recharge of the Batteries”) for more details. This
is available as Appendix B (Section 8) of this document.

5.2 Equipment Setup

Information provided here refers to the specific base station and handheld radios used
during the field tests. The positions of connectors and controls are shown in Figure 16
and, although this represents the portable unit, the base station is similar. Note also
Figure 2 which shows both the base station and the handheld radio, and also both the
types of microphone/speaker that can be used with these radios. If other equipment is
used, although the principles will be the same, details such as the location of sockets
and controls and their labelling might be different.
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Figure 16 — Portable Station Connections and Controls

Before using the equipment, the following connections need to be made, indeed it is
recommended that this is done before starting to deploy the cable so the cable laying
party can maintain contact with the base station while the cable is being unrolled, as a
“confidence check”:

1. Inthe case of the base station, the end of the coaxial cable should be plugged
into the radio’s antenna socket.

2. In the case of the handheld units, the associated whip antenna should be
plugged into the radio’s antenna socket.

3. The selected handset or headset (as convenient for the rescue operation)
should be connected to the audio connectors of all devices to be used (base
station and handhelds).

When all the connections are made, the devices are ready for operation and can be
switched on by turning the ON/OFF — Volume control knob. The volume should be
adjusted for comfortable listening. Moreover, the squelch level can be adjusted, using
the Squelch control. This feature ensures that no sound can be heard from the radio
unless it is louder than a threshold, i.e. the squelch level. This means that the user will
not hear annoying hissing noises when nobody is talking on the system, but if it is set
too high, then weak voice signals might also be suppressed. It is vital, therefore, that
this is not set too high, and if might be safer to set it to the minimum, even though this
means that hissing sounds might be heard.
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These radios only allow the operator of one radio to talk at the same time. For this
reason, the microphones are fitted with PTT (Push to Talk) switches. When you want
to talk, therefore, you should hold down the PTT switch. Because this prevents the
radio from receiving, after you finish talking you should release the PTT switch.

Additional features are available on these radios but they cannot be controlled while
the radios are in their protective ATEX cases. Such controls are available to the
technicians who maintain the rescue communication equipment, but are not available
to users during a rescue. For full details of these radios (but remember that other
radios will be different),please refer to the user manual for the ALAN 42-DS which is
included as Appendix B (Section 8).

5.3 Operating Guidelines

Near the start of the guidewire — i.e. close to the base station — the signal in the cable
will be very strong so users of mobile handsets will not have to stand close to the
cable. For the first hundred metres or so, communication will probably be possible at
a distance of ten metres or more from the cable. However, as the distance along the
cable increases, it will be necessary to get closer to the cable. Even so, tests suggest
that, even at a distance of 800m, it should not generally be necessary to be closer than
2m from the cable.

However, at some distances, generally when the range to the base station is more than
600m, the signal strength might fluctuate along the cable, i.e. there will be peaks and
troughs in the signal strength. This means that, if communication is difficult at a
particular location, it will often be improved by walking a few more metres along the
cable.

As general guidance, it is suggested that, as a user of a mobile handset walks along the
cable away from the base station, communication is checked with the base station
every few tens of metres. This will provide the operator with knowledge on how
strong the signal is and will prompt the user to start walking closer to the cable as the
signal strength decreases. It will also alert the user if the limit of communication has
been reached.
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6 FURTHER INFORMATION

Further information about the guidewire communication system is available from the
Camborne School of Mines, College of Engineering, Mathematics & Physical Sciences,
University of Exeter, Penryn Campus, Penryn, Cornwall, TR10 9FE, UK,
http://emps.exeter.ac.uk/csm/.

Please contact Mike Bedford at M.D.Bedford@Exeter.ac.uk.
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7 APPENDIX A - AMPHENOL N1121A1-NT3G-1-50 SPECIFICATION SHEET
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8 APPENDIX B — ALAN 42DS USER MANUAL
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