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Abstract—This paper aims to accurately locate underground personnel in 
coal mines. For this purpose, an underground personnel positioning platform was 
established on the wireless sensor network (WSN). Specifically, the ultra-wide 
band (UWB) and the time difference of arrival (TDOA) positioning algorithm 
were introduced briefly, in view of the underground operation environment. 
Then, the underground operator monitoring platform was developed based on 
UWB-WSN and compared it with different positioning techniques through ex-
periments. The results show that the proposed platform achieved a high position-
ing accuracy and satisfied the needs of real-time monitoring of underground per-
sonnel. The research findings shed new light on the mitigation of personnel and 
property losses in coal mine accidents. 
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1 Introduction 

The exploitation of mineral resources mostly takes place deep underground. As a 
result, the operators often face the risks of exposure to harmful gases (e.g. CH4 and 
CO), high temperature, tunnel collapse, etc. [1, 2] Once an accident occurs, it is difficult 
for rescuers to identify the exact location and actual condition of the trapped operators. 
Thus, the precise positioning of operators is essential to the work safety of underground 
exploitation of mineral resources [3]. 

Much research has been done on underground personnel positioning. For instance, 
Derby (1991), a South African company, developed an automated vehicle positioning 
system based on infrared communication [4]. The Mount Isa Mineral Company of 
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Australia (1995) invented a personnel positioning system based on radio-frequency 
identification (RFID) to prevent operators from entering high-risk areas [5]. South Af-
rica (2005) began to apply the RFID to the mining industry and achieved remarkable 
results: this technique enabled managers to track and locate equipment and employees 
[6]. Yikeya (2006) pioneered the use of Wi-Fi to track and locate underground operators 
[7]. 

The underground exploitation of mineral resources features complex terrains, long 
and narrow roadways, and fluctuating humidity. These conditions may result in an ob-
vious multipath effect. To ensure the positioning accuracy, the interference in wireless 
transmission must be considered in the positioning algorithm. However, the traditional 
positioning techniques have various limitations underground [8]. With the development 
of communication technology, the ultra-wide band (UWB) wireless communication 
technique has emerged as a good solution to the positioning of underground operators.  
The UWB supports power-saving and fast transmission of signals that are difficult to 
intercept or interfere [9]. What is more, the centimeter level accuracy makes it a popular 
tool in both military and civilian fields. Thus, this technique has been extensively ap-
plied in mobile target positioning, object tracking and personnel positioning [10]. 

In light of the above, this paper designs an underground personnel positioning plat-
form based on the UWB wireless sensor network (WSN). Specifically, the ultra-wide 
band (UWB) and the time difference of arrival (TDOA) positioning algorithm were 
introduced briefly, in view of the underground operation environment. Then, the un-
derground operator monitoring platform was developed based on UWB-WSN with a 
power-saving tag. Finally, the proposed platform was compared with different position-
ing techniques through experiments. The results show that the proposed platform 
achieved a high positioning accuracy and satisfied the needs of real-time monitoring of 
underground personnel. 

2 UWB Technology 

UWB is a short-range wireless communication technology, whose transmission dis-
tance is usually less than 10m and working band falls between 3.1 and 10.6GHz. Capa-
ble of transmitting ultra-low power signals over a wide spectrum, the UWB can realize 
the data rate up to hundreds of megabytes. This technology has been widely adopted 
for precision detection, smart home and indoor communication [12], thanks to its wide 
spectrum and fast transmission. 

Besides the UWB, many other short-range wireless positioning technologies have 
been developed and investigated. The typical examples include infrared positioning, 
ultrasonic positioning, RFID positioning, Bluetooth positioning, Wi-Fi positioning and 
ZigBee positioning [13]. Table 1 compares these technologies in five dimensions. Fig-
ure 1 contrasts the spectrum and power of the UWB with those of the other technolo-
gies. 
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Table 1.  Comparison between different short-range wireless positioning technologies 

 Accuracy Penetrability Anti-interference Complexity Cost 
Infrared ●●●●○ ○○○○○ ○○○○○ ●●●●● ●●○○○ 
Ultrasonic ●●●●● ●○○○○ ●●●○○ ●●○○○ ●●●●● 
RFID ●●●●● ●●●○○ ●●○○○ ●●○○○ ●●○○○ 
Bluetooth ●●●○○ ●●●○○ ●●○○○ ●●●○○ ●●●○○ 
WiFi ●○○○○ ●●●○○ ●●●●● ●○○○○ ●○○○○ 
ZigBee ●●○○○ ●●●●○ ●●●○○ ●●○○○ ●●●○○ 
UWB ●●●●● ●●●●● ●●●●○ ●●●○○ ●●●○○ 

 
Fig. 1. Spectrum and power of different short-range wireless positioning technologies 

As shown in the figure, the UWB enjoys the widest spectrum and the minimum 
power spectral density among the existing technologies. In general, the UWB is a de-
sirable tool for precise positioning of underground personnel and equipment, due to the 
following advantages: 

1. High accuracy: The positioning accuracy of 10cm and high refresh speed can meet 
the real-time positioning requirements of underground personnel and equipment. 

2. Good multipath resistance: With high-resolution signals, the UWB can overcome 
the multipath fading of signals caused by the rugged walls and complex roadways 
underground. 

3. Strong interference resistance: The communication frequency of UWB is much 
higher than the frequency of underground noises, and the communication signal has 
a very wide frequency band. Thus, the UWB boasts a good noise reduction perfor-
mance. Under the same code speed, the UWB is more immune to interference than 
IEEE, 802.11a, IEEE, 802.11b and Bluetooth. 

iJOE ‒ Vol. 14, No. 10, 2018 221



Short Paper—Underground Operator Monitoring Platform Based on Ultra-Wide Band WSN 

4. Low power consumption: Normally, a wireless communication system has to con-
sume a certain amount of energy to continuously transmit a carrier wave. The UWB 
replaces the carrier wave with an instantaneous pulse wave as needed. Therefore, it 
can provide the required standby time for underground communication equipment. 

The UWB can be adopted for 1D positioning in tunnels, railways and mines, 2D 
positioning in factories, warehouses and prisons and 3D positioning in urban com-
plexes, hospitals and other public places. As shown in Figure 2, the information is cap-
tured by the wireless sensors, and sent to the positioning engine to analyse the location 
of personnel or equipment; finally, the location information is displayed visually on the 
monitors. 

 
Fig. 2. Structure of UWB-WSN 

3 TDOA Algorithm 

The TDOA is a relatively simple algorithm that only requires strict time synchroni-
zation between sensor nodes, eliminating the need for synchronization between sensor 
nodes and the clock of the mobile nodes. The principle is to locate the wireless emitter 
based on the time difference of wireless signals arriving at different sensor nodes [14-
16]. As shown in Figure 3, the specific steps of the TDOA algorithm are as follows. 

1. The sensor node sends the data from the same signal measured at the same time to 
the positioning engine. 

2. The positioning engine calculates the time difference between the wireless signals 
arriving at two sensor nodes. 
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3. The time difference is converted into distance difference, and the hyperbolic curve 
of the difference is plotted. 

4. Repeat the above steps for other sensor nodes, and finally obtain multiple hyperbolic 
curves. The transmitting node can be positioned according to the intersection of sev-
eral hyperbola. 

 
Fig. 3. Workflow of the TDOA 

Let (x, y) be the coordinates of the transmitting node T, and ta, tb and tc be the arrival 
time from T to each of the three sensors. Then, the time difference can be obtained by 
the following formula: 

 

                                                      (1) 
 

Let constant c be the speed of the wireless signal. Then, the distance can be calcu-
lated as: 

 

                                                       (2) 
 

Let (xa, ya), (xb, yb) and (xc, yc) be the coordinates of sensors A, B and C, respec-
tively. Then, the following relationships can be established: 

 

                (3) 
 

The coordinates of the transmitting node can be derived from the above two equa-
tions. 
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4 UWB-WSN Platform 

4.1 Overall design 

The UWB-WSN monitoring platform for underground operators mainly consists of 
an application layer, a processing layer, a transport layer and a device layer. The main 
structure of the platform is shown in Figure 4 below. 

Fig. 4. Structure of the UWB-WSN monitoring platform 

The application layer includes management software, monitoring platform and mon-
itoring terminal. The management software maintains the information of operators and 
equipment, updates the geographic layer, and performs topology, path and buffer anal-
yses. The monitoring platform and terminal mainly support the real-time monitoring 
and on-site rescue of operators and equipment. 

The processing layer emcompasses positioning engine, data processing server and 
data storage server. The positioning engine can identify the coordinates and identities 
of operators and equipment through analysis on the signals uploaded by wireless sen-
sors. The data processing server visualizes map information and realizes various other 
functions. The data storage server stores all the data of the platform, such as the per-
sonnel identity, moving trajectories and permission information.e 

The transport layer lies between the processing layer and the device layer. The data 
can be transferred  through wired mode or wireless mode or the combination of the two 
transmission modes. Since the monitoring platform is mainly used within the enterprise, 
it is only accessible within the enterprise intranet. However, the platform can also be 
connected to the ethernet if the security authorities want to monitor the security of the 
enterprise. 
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The equipment layer covers wireless sensors, UWB short-range communication net-
work and portable communication tag. The sensors are arranged linearly as the under-
ground working environment is dominated by roadways. The interval between the sen-
sors is usually 50m, due to short communication distance of the UWB. 

4.2 Tag design 

As shown in Figure 5, tach UWB location tag is composed of microcontroller unit 
(MCU), battery, audio-visual alarm module, programming interface, wireless trans-
ceiver chip, antenna and crystal oscillator. 

 
Fig. 5. Hardware structure of location tag 

Considering the limited space of underground operation, the location tag must be as 
small as possible to facilitate carrying. Here, two types of location tags, a bracelet tag 
and a helmet tag,  are designed according to the job contents of the operators. Besides, 
the size of the MCU was minimized to reduce the power consumption. The workflow 
of the tag is shown in Figure 6. 

Two working modes were designed for the tag, namely, normal mode and low power 
mode. In the normal mode, the tag sends UWB signals every few seconds, such that the 
monitoring platform can display the location information of the tag in real time. Since 
the tag is always emitting signals, it consumes a lot of power in the normal mode. When 
the battery level falls below a certain threshold, the tag will automatically switch to low 
power mode. In this mode, the only power consumption takes place at the reception of 
the wake-up signal and the sending of UWB signal. The low power mode applies to the 
scenario that does not require the real-time location of the tag. 
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Fig. 6. Workflow of the tag 

4.3 Platform features 

The UWB-WSN real-time monitoring platform of underground personnel and equip-
ment has the following features. 

1. Real-time positioning of personnel: When the operators wearing location, tags en-
ter an underground tunnel, they can be sensed by the sensors located across the tun-
nel. The sensors will send the information on the operators to the location engine. 
Then, the engine will calculate the identity, location and current time of the opera-
tors, and display the information in the monitoring centre via 3D visualization. In 
this way, the managers can identify the position of the operators at any time. 

2. Electronic fence: According to the specific conditions, different underground tun-
nels can be allocated to different areas and given different access rights. When an 
operator without the access right enters an area, the location tag will give off an 
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audio-visual alarm, and the monitoring platform will display the alarm information 
in real-time. 

3. Emergency alarm: The operator should press the alarm button after finding a dan-
ger during the operation. Then, the alarm information will be sent to the monitoring 
centre, and then the emergency plan will be activated in time to evacuate the relevant 
personnel. 

4.  Search and rescue: When the operator is trapped underground, the monitoring ter-
minal will guide rescuers to the correct position according to the signals issued by 
the location tag. If the location tag is damaged, the monitoring system will provide 
the rescuers with the last location information of the operator. 

5 Experiments and Results Analysis 

This chapter attempts to validate the UWB-WSN platform through underground po-
sitioning experiments on 15 targets in a 500m×500m region. The computing speed was 
neglected because the effect of the algorithm on positioning can be offset by improving 
the server performance. To simulate the motion of underground personnel, the location 
information was recorded at the speeds of 0m/s, 5m/s and 10m/s. WiFi, ZigBee, RFID 
and UWB were all adopted to locate the moving targets. 

The positioning accuracy can be demonstrated by the distance between the predicted 
and the actual locations: 

 

                                             (4) 
 

Then, the mean accuracy of the moving targets can be obtained as: 
 

                                  (5) 
 

The experimental results are listed in table 2. 

Table 2.  Experimental results under different conditions 

 0m/s 5m/s 10m/s 
WiFi 5m 8m 12m 

ZigBee 7m 11m 17m 
RFID 26m 32m 40m 
UWB 0.08m 0.12 0.15 

 
Comparing the results, it is clear that the UWB-WSN platform outperformed the 

other methods in accuracy. In the event of an accident, a high positioning accuracy 
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means highly efficient rescue and great likelihood of survival. Thus, the proposed plat-
form is very suitable for personnel positioning in complex tunnels underground. 

6 Conclusions 

To realize accurate and reliable positioning of underground moving targets, this pa-
per introduces UWB technique and WSN into underground target positioning. Taking 
the TODA as the positioning algorithm, the author designed a UWB-WSN monitoring 
platform for underground operators and a location tag. The proposed platform was com-
pared with several other short-range wireless positioning methods through experiments. 
The results show that the UWB-WSN platform achieved unparalleled precision, which 
is very suitable for real-time positioning of personnel and equipment underground. The 
research findings shed new light on the mitigation of personnel and property losses in 
coal mine accidents. 
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