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Abstract: The high cost, high Positioning precision or low Positioning precision are some questions of applying single staff 

Positioning method underground coal mine. The Positioning kind was divided into 3 kinds containing roadway, gab area and 

cavern. The beacon Layout scheme was adopted according to the characters of Positioning workplace. In the area of gab area, 

trilateral Positioning algorithm is applied. In the area of roadway and cavern RSSI was modified and centroid algorithm was 

adopted as trilateral Positioning algorithm’s supplement. The test data demonstrates it can satisfy the underground coal mine 

demands. 
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1. Introduction 

The coal industry is the basic industry related to the 

sustainable development of the national economy. The coal 

mine and security management departments need to consider 

the production and safety management of underground miners, 

and require the miners working underground to be located and 

tracked. It will be convenient to check in, look for and monitor 

the underground personnel under normal conditions, 

especially in the event of mine disaster, which can help to 

rescue the trapped underground personnel more accurately. To 

reduce or even avoid casualties to protect underground 

workers is the main work in coal production safety [1]. The 

common underground positioning system of coal mine mainly 

adopts a single positioning method, but it does not aim at 

different underground geographical and electromagnetic 

environment [2]. According to the specific working 

environment of the underground, this paper adopts the 

different deployment strategy of beacon nodes, and chooses 

the appropriate positioning algorithm to achieve more 

efficient positioning. 

2. Underground Positioning System 

The spatial distribution of underground coal mine is 

extremely complex. In order to complete the positioning work, 

different positioning methods must be adopted according to 

different environment [3]. The underground is mainly 

composed of roadway, goaf and other functional areas 

represented by chamber (represented by chamber below). The 

roadway is a zonal distribution, which is divided into main 

roadway and branch roadway, and distributes tree-shaped 

underground. The total length of roadway can reach several 

hundred km, some of which reach to thousands of km space to 

form strip. Coal mined-out area is rectangular distribution, the 

area is large, few people enter this area [4]. The chamber area 

is small having many equipment and material, the 

electromagnetic environment is complex [5]. It should 

consider the specific characteristics of the working 

environment for arranging positioning nodes. Layout diagram 

of underground positioning nodes are shown in figure 1. 

The active coordinator is mainly installed in the main lane 

and branch lane entrance, which is responsible for data 

transmission [6]. The passive coordinator is placed in the 

branch lane, goaf and auxiliary function area, which is 

responsible for setting up the positioning area, collecting data, 

forwarding data and transmitting the data to the active 

coordinator [7]. Beacon nodes are prearranged as fixed 

reference nodes, which are responsible for the localization of 

blind nodes [8]. 
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Figure 1. Layout diagram of underground positioning nodes. 

3. Realization of Underground 

Positioning 

The underground environment of coal mine is different 

from the ground, the indoor environment, the space is narrow 

and closed, the multi-path effect of the wireless signal is 

obvious, the electromagnetic wave is absorbed by the 

surrounding environment obviously. The noise generated by 

machinery and equipment and the frequent movement of 

people restrict the positioning accuracy. In order to achieve 

efficient and practical personnel positioning, it is best to adopt 

effective node layout strategy and effective positioning 

method according to the specific positioning requirements of 

the positioning site. 

3.1. Positioning Method for Goaf 

Goaf refers to the cavities left after underground mining is 

completed. In recent years, gas explosion accidents often 

occur in goaf, the main reason is that some managers and staff 

ignore the regulations for goaf, enter the goaf illegally and 

carry out unsafe behavior. The goaf area is large, the 

interference source of electromagnetic wave transmission is 

less, and the geological environment is stable [9]. The main 

focus of the positioning of the goaf personnel are as follows: 

(1) recording the information of the people entering the goaf, 

as the basis of workers who violate the rules. (2) determining 

the general position of the persons entering the goaf.  

Install a coordinator at the entrance of the goaf, and install a 

reference node every 20 meters in the goaf [4]. The traditional 

triangulation algorithm based on RSSI is used in goaf. It is the 

transmission power of a given transmitting node. It measures 

the received power at the receiving point, calculates the 

transmission loss of radio waves, and converts the 

transmission loss into distance using theory or experience 

[10]. 

The wireless signal transmission model is described as 

follow [11]: 

dBδ,
0

0dBr,dBr, X
d

d
η10lg)(dP(d)P +









−=      (1) 

Where (d)P dBr,  denotes the received power on the 

reference point 0d , η denotes the path attenuation constant, 

which needs to be calculated according to the field 

environment measurement, and 2≥η  was obtained 

according to experience. The selection value of this example is 

3=η .
dB,

Xδ  is the normal part of the variance of 2δ . In 

order to verify the positioning effect, a subway tunnel is 

selected to simulate the underground environment. The 

resulting data are shown in Table 1. 

 



 International Journal of Oil, Gas and Coal Engineering 2018; 6(3): 34-38 36 

 

Table 1. Positioning Test Result of Goaf. 

located target id Actual coordinate Measured position Horizontal coordinate error vertical coordinate error 

Target 1 (0.0, 1.0) (0.3, 1.7) 0.3 0.7 

Target 2 (0.0, 3.0) (0.5, 2.4) 0.5 0.6 

Target 3 (10.0, 1.0) (10.8, 1.8) 0.8 0.8 

Target 4 (10.0, 3.0) (11.1, 3.7) 1.1 0.7 

Target 5 (20.0, 1.0) (21.1, 1.6) 1.1 0.6 

Target 6 (20.0, 3.0) (21.7, 3.5) 1.7 0.5 

Target 7 (30.0, 1.0) (28.7, 2.2) 1.3 1.2 

Target 8 (30.0, 3.0) (32.0, 4.1) 2.0 1.1 

Target 9 (40.0, 1.0) (41.3, 1.5) 1.3 0.5 

Target 10 (40.0, 3.0) (41.4, 3.8) 1.4 0.8 

 
It can be seen from the data that 10 sampling data are listed. 

The maximum error of the horizontal coordinate is 2.0 meter, 

the minimum error is 0.3 meter, the average error of the 

horizontal coordinate is 1.15 meter, the maximum error of the 

vertical coordinate is 1.2 meter, the minimum error is 0.5 

meter, the average error of the vertical coordinate is 0.75 meter, 

the error of the horizontal and vertical coordinates is large. For 

the goaf, such a meter-level positioning accuracy is 

acceptable. 

3.2. Positioning Method of Chamber 

The chamber is a kind of horizontal tunnel with large cross 

section and short length. Its role is to be installed various 

equipment and machinery, storage materials and tools, or for 

other special purposes. The electromagnetic environment of 

the chamber is changeable, but relatively stable. The main 

points of the personnel orientation of the chamber are as 

follows: (1) recording the information of the person entering 

the chamber. (2) determine the exact position of the person 

entering the chamber. 

Common chambers may be placed winch rooms, 

substations, coal bunker repair rooms, explosive depots, 

lounges and shelters etc. The geographical environment of 

each chamber is similar, but the electromagnetic environment 

is very different. The precise positioning can be realized only 

by adopting the corresponding positioning method according 

to the specific electromagnetic environment. 

A coordinator is installed at the entrance of the goaf, and a 

reference node is installed every 10 meter in the chamber. In 

order to improve the positioning accuracy, the RSSI value 

needs to be corrected. The chamber adopts modified RSSI 

value for positioning. The localization algorithm adopts three 

sides localization combined with centroid positioning 

algorithm. 

In underground environment, the RSSI value between 

nodes will be affected by many factors, such as temperature, 

humidity, obstacles, geographical environment, 

electromagnetism and so on [12]. There is a big deviation in 

calculating the distance according to the RSSI value between 

nodes. 

Reduce the ranging error, and then improve the positioning 

accuracy. The modified RSSI value is shown in figure 2. 

 
Figure 2. Modified RSSI Value. 

Where the symbol RSSI1 denotes the distance between 

located node and beacon node A. P1 denotes the located 

node’s received power value (mW) from the beacon node A. 

D1 denotes the located node’s received intensity value (dBm) 

from the beacon node A. the symbol RSSI2 denotes the 

distance between beacon node A and beacon node B. P2 

denotes the beacon node A’s received power value (mW) from 

the beacon node B. D2 (known) denotes the beacon node A’s 

received intensity value (dBm) from the beacon node B. The 

relationship between D1 and D2 is described as follow: 

k*)/10P(P 2110*D2D1
−=            (2) 

Where k has a range of 3.25-4.5, and in this case, K= 4.0. 

In the positioning algorithm, the centroid localization 

algorithm was added to the three edge positioning algorithm 

for improving localization accuracy. The algorithm is 

described in Figure 3. 

 
Figure 3. Algorithm improvement schematic diagram. 
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Where the beacon nodes are O1, O2 and O3 and their 

coordinates are (x1, y1), (x2, y2) and (x3, y3) respectively. The 

distance from the blind node to the three beacon nodes is D1, 

D2, D3. The circle of O1, O2, and O3 intersects at point G1, 

G2, G3 and their coordinates are (xG1, yG1), (xG2, yG2), (xG3, yG3) 

respectively. According to the following formula, we can 

calculate the coordinate of G1, G2 and G3. 
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G1, G2 and G3 compose 321 GG∆G , O is the centroid 

of 321 GG∆G . Its coordinate (x0, y0) is the blind node 

coordinate.. 
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In order to verify the positioning effect, a subway tunnel is 

selected to simulate the underground environment. The 

resulting data are shown in Table 2. 

Table 2. Positioning Test Result of Chamber. 

located target id Actual coordinate Measured coordinate Horizontal coordinate error Vertical coordinate error 

Target 1 (0.0, 1.0) (0.2, 1.1) 0.2, 0.1 

Target 2 (0.0, 4.0) (0.2, 4.3) 0.2 0.3 

Target 3 (0.0, 8.0) (0.3, 8.4) 0.3 0.4 

Target 4 (4.0, 1.0) (4.1, 1.3) 0.1 0.3 

Target 5 (4.0, 4.0) (4.0, 4.1) 0.0 0.1 

Target 6 (4.0, 8.0) (4.4, 8.5) 0.4 0.5 

Target 7 (8.0, 1.0) (8.3, 1.2) 0.3 0.2 

Target 8 (8.0, 4.0) (8.4, 4.5) 0.4 0.5 

Target 9 (8.0, 8.0) (8.2, 8.0) 0.2 0.0 

 
It can be seen from the experimental data that 9 sampling 

data are listed. The maximum error of the horizontal 

coordinate is 0.4 meter, the minimum error is 0.0 meter. the 

average error of the ordinate is 0.23 meter, the maximum error 

of the ordinate is 1.5 meter, the minimum error is 0.0 meter. 

The average error of the ordinate is 0.27 meter. The errors in 

the vertical coordinates are small. Such positioning accuracy 

is acceptable in the chamber. 

3.3. Positioning Method of Roadway 

Roadway generally refers to underground mining, for 

mining lifting, transportation, ventilation, drainage, power 

supply and so on [4]. 

The roadway alternately overlaps, is intricate, the length 

may reach several kilometers even tens of thousands meters 

[13]. The requirement of roadway positioning is to realize the 

positioning of the static personnel and the mobile personnel in 

the roadway. The tunnel is narrow and slender, which is not 

conducive to the deployment of beacon nodes. Therefore, the 

beacon nodes in the underground roadway are all deployed in 

a chain intensive manner. The beacon nodes are installed only 

on the side of the pillar, and in the main roadway. 

Each beacon node can communicate with at least four 

adjacent nodes because of the uniform spacing and dense 

density of the beacon nodes, and the beacon nodes in the 

tunnel can be numbered continuously [14]. 

Using the same positioning method as chamber positioning, 

the underground environment is simulated through a subway 

construction tunnel [15]. The experimental data obtained from 

the stationary and moving objects are shown in Table 3. 

Table 3. Positioning Test Result of Roadway. 

Blind 

node id 

Actual 

coordinate 

Measured coordinate 

(stillness) 

Measured coordinate 

(moving speed 1m/s) 

Horizontal coordinate error 

(stillness) 

vertical coordinate error 

(stillness) 

Target 1 (0.0, 1.0) (0.2, 1.1) (0.2, 1.2) 0.2, 0.1 

Target 2 (0.0, 3.0) (0.4, 3.5) (0.4, 3.4) 0.4 0.5 

Target 3 (0.0, 5.0) (0.0, 5.1) (0.3, 5.3) 0.0 0.3 

Target 4 (20.0, 1.0) (21.0, 1.0) (21.1, 1.0) 1.0 0.0 

Target 5 (20.0, 3.0) (20.7, 3.2) (20.6, 3.3) 0.6 0.3 

Target 6 (20.0, 5.0) (20.9, 5.4) (20.7, 5.4) 0.7 0.4 

Target 7 (40.0, 1.0) (41.3, 1.7) (41.0, 1.7) 1.3 0.7 

Target 8 (40.0, 3.0) (41.0, 3.5) (40.6, 3.6) 0.6 0.5 

Target 9 (40.0, 5.0) (40.8, 5.6) (40.7, 5.6) 0.8 0.6 

Target 10 (60.0, 1.0) (60.7, 1.3) (60.4, 1.4) 0.7 0.3 

Target 11 (60.0, 3.0) (60.0, 2.8) (60.0, 2.8) 0.0 0.2 

Target 12 (60.0, 5.0) (60.9, 5.6) (60.8, 5.6) 0.9 0.6 

Target 13 (80.0, 1.0) (80.5, 1.5) (80.5, 1.5) 0.5 0.5 

Target 14 (80.0, 3.0) (80.8, 3.6) (80.6, 3.6) 0.8 0.6 

Target 15 (80.0, 5.0) (81.0, 5.0) (80.9, 5.0) 0.9 0.0 
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It can be seen from the experimental data that 15 sampling 

data are listed. The maximum error of the horizontal 

coordinate is 1.7 meter, the minimum error is 0.0 meter. the 

average error of the coordinate is 0.63 meter, the maximum 

error of the vertical coordinate is 0.7 meter, the minimum error 

is 0.0 meter and the average error of the vertical coordinate is 

0.37 meter. If we take into account the factors such as human 

walking and column occlusion in the actual environment, the 

error will inevitably increase or even double, but for roadway 

positioning, the error can be controlled at the meter level, so 

the positioning accuracy of the meter level can be accepted. 

4. Conclusion 

The coal in China is mostly underground mining, and the 

geological conditions are complicated [16]. Safety production 

is an important requirement of coal production. In the 

technology of ensuring safe production, the positioning of 

underground personnel is more and more important. The 

underground communication environment of coal mine is 

complex and the difference is easy to be affected by the 

surrounding environment. In order to achieve efficient 

localization, RSSI algorithm and trilateral localization 

algorithm are adopted according to the characteristics and 

requirements of specific application environment. According 

to the specific environment, the RSSI is modified, and the 

centroid positioning algorithm is added on the basis of the 

trilateral localization algorithm, which improves the accuracy 

of the positioning. It is proved by test that the positioning 

accuracy can be satisfied. The positioning requirement can be 

used as a reference for underground positioning ring in coal 

mine. 
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