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Abstract— In this paper we analyzed the reliability of radio
communication system for underground mine. In general,
reliable operation of the network depends on many factors and
overall network consists of a large number of components. We
proposed the proposal how to use Dijkstra's algorithm to
improve thereliability of the radio communication. In this study,
we analysed factors that influence of the underground mine
reliance.

We used the Oyu Tolgoi underground mining radio
communications system for this article and this underground
mine currently has three main exits, two of which are intended
for human access and one for ventilation purposes only. The
radio communications devices in underground mines are
connected by optical and radiation cables and these cables are
installed in all cross-section areas.

The radio communication plays a vital rolein providing safety of
underground mines. However, it is not the easiest one to provide
reliability of radio communication in underground mine.

In the event of underground mine incidents, there is an urgent
need to track the location of mineworkers and evacuate them as
soon as possible.

In case of emergencies (a fire, an earthquake etc.) in
underground mines, it is very crucial to provide reliable radio
communication system and to evacuate workers within short
period.

Theresults of the paper show that how to set an optimal route to
move to the place where the radio communication is available
during the accident in theregion of the underground mine.
Keywords— analysis, Dijkstra'salgorithm, radio
communication, under ground mine, emer gency case

. INTRODUCTION

One of the important component in a regular and normal
operation of a mine is communication system in underground
mine. The reliability of radio communication system plays a
key role in regular and common operation of underground
mines. Underground mining site is dangerous environment for
miners. Therefore regular reliable communication and
information systems ensure safety of miners in a mine site.
Reliability of these systems should be developed by scientific
method [1]. Figure 1 shows the scheme of the underground
mining general structure.
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UNDERGROUND MINING’S INFRASTRUCTURE GENERAL STRUCTURE
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Figurel. Genera structure of the underground mining

As it is shown in Figure 1, each TETRA fiber optical
repeater for underground tunnels has eight cells, which
transmit TETRA radio communication signals through the
radiating cables from the eight fiber optical repeaters. In
case of incidents in any part of underground tunnels, there
is an urgent need to evacuate mineworkers safely using the
shortest path to the surface. We have applied Dijkstra's
algorithm determine the shortest path for evacuating
mineworkers in the event of underground mine
emergencies. It also presents the results of the research to
determine the optimal route to move to the place where
radio communication is available.

Radio communication system in the underground
mining operates independently and consists of head-end,
base station, a leaky feeder cable with headend, amplifiers
and radios [2].
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A radio communication system which consists of the
following main components (Figure 2) is currently used in an
underground mine.

Radiation cables
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Figure 2. Radio communication system’s main componentsin underground
mine

The important radio communication points in the
underground mine environment are shown in Table 1. Each
cell has its own communication coverage area and they are
connected to separate repeaters, optical cables and radiating
cables. Cell 1 is located close to the exit 1, cell 3 is near the
exit 2 and cell 5islocated near the exit 3.

Il1. LITERATURE REVIEW

It is clearly seen from previous studies on the reliability of
radio communication that there is not many research on the
optimization procedure of evacuation of mine workers safely
and immediately during the incidents in underground mines.
Dijkstra's algorithm were used in this paper to demonstrate the
results of the research to evacuate workers within short period
of time, and to determine optimal routes and paths to get to the
place where radio communication is available in the case of
emergency. In the event of any incidents in underground
mines, workers are evacuated immediately. Radio
communication can be lost during the incidents in
underground mines so it is required to evacuate workers to the
place where radio communication is available. Authors [3-7]
developed algorithm during accident and [3] of them
developed agorithm during accident in underground mine.
However, only author [3] algorithm of the shortest paths for
miners exit during accident in underground mine. And authors
[8-18] developed the shortest path algorithm for other non
underground mining radio communication objects as
construction, vehicles routes, logistic planning, GIS map,
route mapping, emergency reporting and mobile robots.

I11. RESEARCH WORK

The Dijkstra's algorithm is used in this article. Dijkstra's
algorithm solves the shortest-path problem for any weighted,
directed graph with non-negative weights. It can handle
graphs consisting of cycles, but negative weights will cause
this algorithm to produce incorrect results. Consequently, we
assume that w(e) = O for al e € E here.

The pseudocode in algorithm shows Dijkstra's algorithm. The
algorithm maintains a priority queue minQ that is used to store
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the unprocessed vertices with their shortest-path estimates
est(v) as key values. It then repeatedly extracts the vertex u
which has the minimum est(u) from minQ and relaxes al
edges incident from u to any vertex in minQ. After one vertex
is extracted from minQ and all relaxations through it are
completed, the algorithm will treat this vertex as processed
and will not touch it again. Dijkstra's agorithm stops either
when minQ is empty or when every vertex is examined
exactly once.

Dijkstra's agorithm: Graph G, vertex S
. Initidlize (G, 9);
Priority_Queue minQ={all verticesin V};
While (minQ+# @) do
Vertex u=ExtractMin(minQ);
est (u)
For (each v €minQ such that (u,v) € E)
Relax (u,v);
End for
End while [19]

PWNE

/I minimum

©No O

A. Determining all possible routes to the exit that is
connected to the surface when radio communication
failure occursin underground mines

In this case, we have defined all possible paths to the exit 1,
2 and 3 that connects the bottom of Oyu Tolgoi underground
mine with the surface.

In the center of cells, 1-8 are located repeaters 1-8

(Figure 3). Cell 1, cell 3 and cell 5 possible to select instead
of exits. We have defined exit position using by theory graph
and current cells of the radio communication network

illustrated in Figure3.
=G"j6 »Cell 7

Figure 3. Current situation of Oyutolgoi underground mining's radio
communication network
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Figure 4. Graph diagram of radio communication network in Oyutolgoi
underground mining

In this article, Graph theory used to identify key points of
confidence of the radio communication systems in
underground mines. In other words, Figures 4 and 5, Cell
number 1, 2,4,5,6 and 7 are the important points are for radio
communications of the underground mines, but the most
important is the cell 5, which connected to the other five
cells. However, the cells 3 and 8 are not very important cells.
In this case, we have analyzed reliability of given system.

B. Shortest path calculation for emergencies

We have carried out the calculation in the case when the
underground mine has one, two and three Radio
communication head-end device location through the exit 1,
exit 2 and exit 3. Matrix approach is applied to convert 1-8
cells into Graph. The exit from cell 2 is represented by 1, 2
and 3 exits are used to define the paths to the exit. Table 2
below shows the potential routes for each existing Oyu Tolgoi
underground mine, their reliability and the shortest path route
results.

TABLE 1. MAIN RESULTSOF THE OYUTOLGOI UNDERGROUND RADIO
COMMUNICATION NETWORKS

Exit number Each exit path's availability | Total availability [Reliability |Shortest path
1exit 1 5 S cell2to celll
S 15 33,4% cell2ro celll
10 cell2-cell5-cell4-cell3
5 cell2to celll

10 20 75% cell2-cell5-cell4-cell3
5 cell2 to cell5

2 exit

3exit

u|w e |w =

We have made the change in the current connection of the
underground mine radios shown in Figure 3 and 4 establishing
the connection between cell 3, cell 8 and cell 5. Because of
that, we can improve reliability of the connection between the
available routes and can suggest the shortest possible
aternatives compared to the results shown in Table 1, 3 and
the updated diagram shown in Figure 5.
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Figure5. Radio communication network diagram in Oyutolgoi underground
mine after changing

These lines (drawn in red color) to improve reliability are not
established in reality. After drawing these three new lines, the
connection matrix has been changed as follows.

TABLE 2. CELL NUMBERS AND CONNECTED CELLS ROWS

Cell numbers 1 2 3 4 5 6 7 8
Number of
connected 3 3 1 3 5 3 3 1

cells

After the change, we can clearly see that results of the
potential routes, reliance and minimum paths to the associated
departments have been improved.

TABLE 3. MAIN RESULTSAFTER CHANGING

Exit number Each exit path's availability |Total availability [Reliability [Shortest path
lexit 1 23 23 cell2to celll
2exit 23 52 44.20% cell2ro celll
29 cell2-cell5-cell3
cell2to celll

29 65 80% cell2-cell5-cell3
13 cell2 to cell5

3exit

vlw |k |w e
N
@

IV.CONCLUSIONS

The research result shows to estimate reliability of radio
communication network using the Dijkstra's algorithm
available to achieve the following goals.

. To andyze complex system consisting many
components to define most sensitivity point or critical edge of
graph based on connection matrix.

. We have been found more sensitivity point in given
situation of radio network is 5 (Figure 3 and Figure 4).

. Graph theory is easy, safe and effective to find most
important influencing factors of affected to reliability of
underground mine.

Dijkstra's agorithm is used to demonstrate the results of the
research to evacuate workers within short period of time, to
determine optimal routes and paths to get to the place where
radio communication is available in the case of emergency.
Workers have to be evacuated immediately in the event of any
incidents in underground mines. Radio communication can be
lost during the incidents in underground mines so it is required
to evacuate workers to the place where radio communication
isavailable. Also in this article, Dijkstra's algorithm is used to
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identify key points of confidence of the radio communication
systemsin underground mines.

Three radio communication head-end point exits connected
with the surface. The exits 2 and 3 are the hot redundancy
exits. In the emergency case, the exits 2 and 3 will work
instead of the exit 1. Calculation results of changed matrix,
reliability and the shortest path available alternatives. We
developed Dijkstra's shortest-path  algorithm in Matlab
programming for radio communication system in the
Oyutolgoi underground mine that can be used in similar
underground mines to determine optimal routes and paths to
get to the place where radio communication is available in the
case of emergency. It can be used in underground mines with
many different exits. Our biggest contribution was number of
exits of the underground mine possible to be added the
agorithm and possible to be calculated reliability. Particularly,
after calculating number of exits and number of cells (we have
used cell #2 according to our results) was shown the shortest
path of all possible paths' versions by the matrix which was
used in Matlab.
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