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Abstract - To improve the safety and reliability of mechanical and electrical equipment, avoid the 
occurrence of adverse accidents, and strengthen the application of embedded sensors in the online 
monitoring of mechanical and electrical equipment, in this research, the on-line monitoring system 
of mine ventilator equipment with embedded sensor is analysed. The possible faults of mine 
ventilator are analysed. ZigBee wireless sensor network is designed to collect and output data of 
mine ventilator (fan vibration acceleration, bearing temperature, motor current and voltage, etc.). 
The embedded platform is designed to process the obtained data. The performance of on-line 
monitoring system with embedded sensor for mine ventilator is tested. The results show that 
different nodes of the sensor can upload the collected data to the coordinator ZigBee through the 
ZigBee wireless network. Then the data is uploaded to the embedded platform by the RS232 serial 
port and compared with the standard parameters, so as to realize the on-line monitoring of the 
mine ventilator. The use of ZigBee wireless sensor network avoids the design and connection of 
complicated lines, while the embedded platform improves the security and reliability of the 
monitoring system. At the same time, the system can draw the fault vibration signal into the 
frequency diagram, so that the staff can see the fault frequency directly and improve the work 
efficiency. This means that it is possible to apply ZigBee wireless sensor network and embedded 
platform to the online monitoring of mine ventilation equipment, so as to improve the safety of the 
mine, which provides experimental basis for the research and development of other 
electromechanical equipment embedded sensor online monitoring system. 
 
Keywords: Embedded Sensor; On-Line Monitoring System; Mine Ventilator; Zigbee Wireless 
Sensor Network. 

1. Introduction 
 
Embedded technology is a special computer system 
with application as the center, computer technology 
as the foundation, software and hardware can be 
tailored, function, reliability, cost, volume and power 
consumption strict requirements [1]. Embedded 
system is a kind of computer system which is 
different from common computer system. The 
components of an embedded system are embedded 
in the main equipment according to the needs of the 
main equipment and its application, and play the 
roles of calculation, processing, storage and control.  

They are "devices for controlling, monitoring or 
assisting the operation of machines and equipment" 
[2]. A sensor is a device or device that senses a 
specified measurement and converts it into a usable 
output signal in accordance with certain rules. 
However, in practical applications, generally, the 
industrial sites where sensors are monitored are 
scattered or remote places, so it is complicated to 
monitor them. Therefore, at present, wireless 

sensors are mostly used for real-time monitoring, 
which can collect data in real time without being 
affected by the site and environment [3,4]. 

Embedded operating systems can decompose 
complex applications into multiple tasks, simplifying 
the design of application system software. System 
programming and expansion become relatively easy, 
and new functions can be added without major 
changes. Meanwhile, embedded operation can 
improve the stability and reliability of the whole 
system, ensuring the real-time performance of the 
system [5]. Due to its advantages of small size, high 
reliability, strong function, flexibility and 
convenience, embedded controller has been applied 
in various fields such as industry, agriculture, 
education, national defense and daily life. It has 
played an extremely important role in promoting 
product upgrading, accelerating automation process 
and improving productivity in all walks of life [6].  

Studies have shown that embedded technology 
for monitoring can effectively improve the security 
of monitoring system, and can timely obtain real-
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time information of monitored devices and 
effectively process the acquired data [7].  

By randomly deploying a large number of sensor 
nodes in and near the monitoring area, wireless 
sensor network is formed. Sensors at each node 
collect monitoring data and arrive at the 
management node by satellite and Internet.  

Users configure and manage the sensor network 
through the management node, release monitoring 
tasks and collect monitoring data [8]. The traditional 
sensor monitoring system can collect and transport 
relevant data efficiently, but its control ability is 
weak, so it can't process the data in time and its real-
time performance is poor, which makes its 
autonomous control ability of the equipment lack of 
accuracy [9].  

Some studies have shown that the application of 
embedded sensing in bearings can improve the 
intelligence of bearings, obtain relevant information 
of bearings in a timely manner, effectively avoid the 
harm caused by bearing faults, and obtain a high 
signal noise ratio, which is convenient for analysis 
and processing [10]. At present, embedded sensors 
are also applied to track monitoring. Some literature 
reports say that they can effectively conduct real-
time monitoring of track conditions, avoid accident 
incidence and improve work efficiency [11]. China, 
as a large energy consumption country, needs a large 
amount of coal and needs to import coal from abroad 
every year to meet the energy demand.  

Therefore, coal mining is the lifeblood of national 
economic development, but every year there are 
death and injury incidents caused by the failure of 
mine ventilator [12].  

It is necessary to improve the real-time 
monitoring ability of mine ventilation equipment to 
avoid the occurrence of casualties. 

To sum up, since coal is often used underground, 
a mine ventilator must be used at all times to input 
air and discharge toxic gases underground.  

However, at present, the monitoring system of 
electromechanical equipment is mostly conducted by 
a variety of sensors for data collection, and then 
uploaded to the host computer by PLC or other 
equipment for display and processing.  

This mode needs a lot of manpower and material 
resources, and the wiring is more complex.  

Wireless sensor can collect a variety of data of the 
device, while embedded technology can get real-time 
information of the monitored device in time and 
process the acquired data effectively, so as to 
improve the security and reliability of the device.  

But at present, its application in 
electromechanical equipment monitoring system is 
less, and relevant design schemes and data are 
lacking.  

In this research, a new type of on-line monitoring 
system of embedded sensor for mine ventilator is 
designed and its performance is tested to provide 

experimental basis for the future research and 
development of other electromechanical equipment. 

 

2. Methodology 
2.1 Fault factors of mine ventilator 
 

The main faults of mine ventilator are analyzed to 
provide the experimental basis for the follow-up on-

line monitoring equipment of embedded sensor. The 

faults of mine ventilator can be divided into fan fault, 
electrical fault, and performance fault. The fan fault 

is caused by shaft misalignment and rotor unbalance, 

etc.  

Motor fault and external power grid fault cause 
fan electrical fault. Performance faults include: fan 
instability, rotating stall, loose fasteners, surge, and 
blade failure. The unbalance of rotor makes the 
amplitude increase with the increase of rotating 
speed, accompanied by a small amount of high-order 
harmonic components. Axial and radial vibration of 
the fan is caused by axial asymmetry, with a large 
number of harmonic components.  

Bearing damage is related to bearing geometry 
size and speed, accompanied by ultra-low frequency 
and high frequency. Looseness of the fixator causes 
axial vibration of the ventilator, accompanied by 2f, 
3f and other high octave frequency, and octave 
component shows a decreasing trend. The oil film 
whirling causes the shaft centre to spin or whirl 
around the equilibrium point, and the shaft neck to 
spin around the centre of the shaft neck with a 
doubling frequency. Surge makes the ventilator with 
ultra-low frequency components, the body and 
bearing vibration is violent, and the flow at the inlet 
and outlet changes greatly.  

Mine ventilator is a large and complicated 
mechanical and electrical equipment, which has 
many reasons for failure and various adverse factors. 
Different treatment measures are given for different 
faults. In this research, the ventilator fault is divided 
into "emergency fault" (sharp decline in air volume, 
voltage sag, etc.) and "non-emergency fault" 
(mechanical problems in the ventilator), and a 
monitoring and alarm system is set up.  

The emergency fault can be handled, the non-
emergency fault can also be handled in time, to avoid 
the non-emergency fault evolution into emergency 
fault. 
 

2.2 Wireless sensor network design 
 

Wireless sensor network is an "intelligent" 
monitoring network composed of a large number of 
micro-sensor nodes with communication function, 
sensing and computing power deployed in or near 
the monitoring area through self-organization.  

It mainly consists of target, sensor node, 
observation node and perceptual visual field.  
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The sensor node can obtain the target 
temperature, light intensity, noise and pressure 
through the target's heat, infrared, sonar, radar or 
vibration signals.  

The information acquisition range of the sensor 
node to the target is called the perception field of the 
node, and the set of the field of view of all nodes in 
the network is called the perception field of the 
network. Among all the power consumption of 
wireless sensor, standby power consumption 
accounts for the least, less than 10%; sampling 
power consumption accounts for about 10%-20%; 
wireless power consumption accounts for about 
70%. Therefore, the result of sampling can be 
compared with the result of last transmission. If the 
value changes very little, there is no need to 
transmit, thus reducing the energy consumption of 
the system. Figure 1 is the structure diagram of 
wireless sensor network. The Sensor node is used to 
collect data, and the sink (base station) is used to 
collect data from the small Sensor and then 
transmits the data to the Internet display. 

Monitoring area

Nodes Head in cluster

Cluster

Sink node
Internet

 
Figure 1:  Wireless sensor network structure diagram. 
 

Sensor data acquisition unit: it is responsible for 
monitoring the collection and data conversion of 
information in the mine fan area. It is composed of 
ZigBee rf module and sensor and the core chip of 
CC2530ZigBee rf module. In this design, the data 
acquisition unit includes temperature, vibration 
acceleration, atmospheric pressure and acceleration 
sensor at various positions. It is divided into 
transmitter measurement module, temperature 
measurement module and RS-485 communication 
module according to needs.  

The data processing unit is responsible for 
controlling the processing operation, routing 
protocol, synchronous location, power management 
and task management of the whole node.  

The data transmission unit is responsible for 
wireless communication with other nodes, 
exchanging control information and receiving and 
collecting data. The nodal power supply consists of 
two 7.5v alkaline batteries, which can be used in the 
future to further reduce the volume.  

Figure 2 is the wireless sensor node structure 
diagram. The sensor node first collects the relevant 
data of the ventilator, and then ZigBee rf module 
converts the collected data into AC/DC, which is then 
sent to the display by ZigBee wireless network. 

 

Power

Sensor AC/DC

Date acquisition unit

App

Memory

CPU

NET MAC

Date transfer unit

Process unit

 
Figure 2:  The wireless sensor node structure diagram. 
 

Design of ZigBee wireless transceiver module: 
ZigBee is a standard built on the reliable PHY 
(physical layer) and MAC (media access control 
layer) defined by IEEE802.15.4, which defines the 
network layer, security layer, and application layer. 
ZigBee rf module is used to collect data.  

The router nodes of ZigBee wireless sensor 
network are used to supplement the data collected 
by the sensor, so as to expand the coverage of the 
whole network.  

The regulator node of ZigBee wireless sensor 
network is responsible for the establishment of 
ZigBee, the management of terminals, the reception 
of data sent by sensors, and the further transmission 
of data to the upper embedded platform.  

Figure 3 is the structure diagram of ZigBee rf 
module adopted in this research. 

 

 
Figure 3:  The ZigBee rf module structure diagram 

used in this research. 
 

According to the actual situation of mine 
ventilator, the established wireless sensor is put to 
the position where the ventilator needs to be 
monitored, analyze the transmitted data, and judge 
the reliability of the position. 
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2.3 The construction of embedded platform 
 

This research adopts the model of "host-target" 
to develop embedded system. Due to the limited 
development resources of embedded Linux, it is 
impossible to run development and debugging tools 
on the development board. It usually needs to be 
done in the form of cross-compilation debugging, 
that is, in the form of a host (PC + target that can run 
Linux).  

Generally, the target machine and the host 
machine are connected by serial port, or can be 
connected by network port at the same time.  

Figure 4 shows the connection between the 
target and the host. 

Ethernet

Ethernet interface

Serial line or 

emulator

 

Development board Host computer

Host running interface

 
Figure 4:  Target and host connection. 

 
Installation of VMware and operating system 

Ubuntu: A virtual machine is a software simulation 
of a complete computer system with full hardware 
functions running in a completely isolated 
environment. VMware allows us to run two or more 
Windows, DOS, and LINUX systems on one machine 
at the same time. The  

Ubuntu version used in this article is ubuntu-
12.04-desktop-cp.ios.  

A virtual machine is created in the computer and 
custom is selected in the wizard.  

The Linux system is selected in the virtual 
machine.  

Then Ubuntu is installed. Figure 5 shows the 
installed interface. 

 
Figure 5: The post-installation interface for the 

operating system Ubuntu. 

Establishment of a cross-development 
environment: The support of cross-development 
environment is an essential link in the development 
of embedded application software.  

A cross-development environment is an 
environment for compiling, linking, and debugging 
embedded applications. The host is a PC or server 
running Linux. Due to the large number of Linux 
versions and the differences between them, this 
article uses Ubuntu12.04, installed on a virtual 
machine (Vmware-workstation-7.1.3) on a Windows 
system. Since the target board processor is ARM, the 
GCC editor for ARM needs to be installed.  

The editor selected in this research is arm-linux-
gcc. Then the Linux system is installed, the hardware 
connection is prepared, the super terminal is 
configured on the PC and the development board is 
set as SD boot. Nand Flash is formatted, 
corresponding to command [f]. Bootloader is 
installed, corresponding to command [v]. Kernel file 
is installed, corresponding to command [k].  

The target file system (yaffs2 format) is installed, 
corresponding to the command [y]. Figure 6 shows 
the installation steps for the Linux system.  

After starting Linux, the multiple folders can be 
seen, the functions of which are shown in Table 1. 

 

 
Figure 6: Linux system installation steps. 

 
Table 1. Function of Linux each folder 

Catalogue  Functions  
/bin To store common commands 

/boot To store start-up program 
/dev To store equipment files 
/ect To store start-up, shutdown, 

configuration, and program 
files 

/home User working directory 
/lib To store the shared link library 

/root Superuser working directory 
/sbin Common hypervisors for 

system administrators 
/tmp To store temporary documents 

/lost+found To save partial data when an 
exception occurs 
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Linux serial port driver design: Due to the 
establishment of Linux internal protection 
mechanism, users can't directly access the hardware 
and need to complete the data acceptance and 
output through the serial port. In this research, 
RS232 serial port is used for data receiving and 
receiving. The formal name of RS232 standard is 
"excuse for serial binary data exchange between data 
terminal equipment and data communication 
equipment". The computer or terminal on one side of 
the communication line is called a DTE, while the 
modem on the side connecting the communication 
line is called a DCE. During the serial debugging, it is 
necessary to pay attention not to plug and unplug 
the serial port with live power. At least one end of 
the serial port is power off, otherwise the serial port 
is easy to be damaged. Line welding should be firm. 
The serial debugging assistant or serial port wizard 
can be used for debugging. Data formats should be 
consistent. 
 

2.4 Monitor system software development 
 

Qt is used for cross-platform graphical interface 
development. Firstly, program is written in Linux 
using Qt and the compilation of x86 library is 
debugged. After debugging, the code is recompiled 
by using the cross-compilation tool chain and Qt 
arm, so that the newly written code can be used for 
the application in the target board.  

The generated program is moved to the target 
board and tested.  

The alarm mode is established on the embedded 
platform and the fan alarm threshold is input. 
 
2.5 Monitoring system data acquisition and 
fault simulation 

 
The temperature information, vibration 

information, negative pressure and other 
information of mine ventilator are collected. By 
comparing the obtained data with the actual 
situation of the ventilator, the reliability of the 
embedded sensor monitoring equipment of the mine 
ventilator is analyzed.  

At the same time, the vibration fault of the 
ventilator is simulated, and the monitoring system is 
checked to see if it can alarm in time and diagnose 
the fault. 
 

3. Results 
3.1 Fault analysis results of mine ventilator 

 
The fault of mine ventilator is analyzed, the flow 

chart of ventilator alarm and fault diagnosis is 
designed, as shown in Figure 7. This designed is 
divided into two parts: ventilator alarm system and 
fault diagnosis system. When the ventilator gives out 
an alarm, it is advised to firstly collect the vibration 
acceleration and other data and process and analyze 
the data to determine whether it needs to be stopped 
for maintenance. Diagnosis of fan fault is carried out. 
First, it is suggested to determine whether the fault 
is a power grid fault or a motor fault. When the 
voltage is zero, it is a grid fault. At this time, the staff 
should restore the voltage, if it can't restore, the 
shutdown maintenance should be carried out; if it 
can restore, the normal operation of the machine 
should continue. For motor failure, the standby 
ventilation system should be switched and the 
ventilator should be fully tested and maintained. 

 
Data collection of 

mine ventilator

Data analysis of 

mine ventilator

Voltage state 

analysis

Voltage state 

analysis

Voltage drop

Voltage 

zero

Emergency 
handling

Voltage recovery

Motor fault

Voltage is 
not zero

Voltage not 

recovered

Calculation of 

vibration index

Vibration 

acceleration data 

acquisition

Reverse 

maintenance

No 
maintenance

Switching 

common devices

Alarm trigger

Voltage 

interruption

 
Figure 7: Flow chart of fan alarm and fault diagnosis. 

 
According to the requirements of professional 

mine ventilator, alarm threshold is set in the 
monitoring system.  

Table 2 is the setting of alarm threshold.  
When the data in the ventilator exceeds the set 

threshold, an alarm should be issued to remind the 
staff of timely processing, and the equipment can 
analyze the fault and provide solutions for the staff.

Table 2 Setting of alarm threshold of mine ventilator monitoring system 
 Motor stator 

temperature 
(°C) 

Bearing 
temperature 

(°C) 

Fan bush 
temperature 

(°C) 

Air 
volume 
(m3/s) 

Negative 
pressure 

(Pa) 

The motor 
housing 

vibration 
(mm/s) 

The fan 
housing 

vibration  
(mm/s) 

Upper 
limits 

100 100 90 1050 1600 6 5 

Low 
limits 

-45 -45 -45 450 400   
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3.2 Wireless sensor layout results 
 

In order to facilitate the subsequent equipment 
testing, this research places the motor temperature 
acquisition sensor in the ventilation 
electromechanical room. The fan bearing 
temperature acquisition sensor and vibration 
acceleration sensor are placed in the fan housing of 
the air room. The router sensor is placed in the 
window of the fan to further collect the data of the 
fan bearing vibration acceleration sensor and the 
temperature acquisition sensor. And pressure 
sensors are put in the inlet and outlet of the fan.  

Finally, the coordinator is placed on the outside 

windowsill of the office and connected with the 

upper computer through the serial port system to 

realize real-time monitoring of the ventilator data. 

Table 3 shows the data received by the embedded 

sensor monitoring equipment of mine ventilator.  

The monitoring values are all within the alarm 

threshold, so there is no alarm in the system and the 

ventilator is in normal operation, which indicates 

that the embedded sensor monitoring system made 

in this research can be used for monitoring 

management of mine ventilator. 

 
Table 3 Received data from the embedded sensor monitoring device of mine ventilator 

Indexes 
Motor stator 

temperature (°C) 
Fan bush temperature (°C) 

Duct negative 
pressure (Pa) 

Vibration (mm/s) 

Position Front 
axle 

Rear 
axle 

Bearing 
temperature 

1 

Bearing 
temperature 

2 

Bearing 
temperature 

3 

Bearing 
temperature 

4 

 
1 

 
2 

Horizontal Vertical 

Number 24.3 23.9 24.6 22.1 23.5 21.4 399.1 1175.3 1.2 2.6 

 

3.3 Monitor equipment failure simulation 
results 

 
In order to further test the performance of the 

monitoring equipment for mine ventilator, the 
vibration fault is simulated and monitored.  

Figure 8 shows the results. A is the time-domain 
waveform of the fault vibration signal, B is the 
autocorrelation curve of the fault vibration signal, 
and C is the envelope spectrum of the fault vibration 
signal. The specific fault signal frequency can't be 
obtained from figure A and B, and the frequency of 

fault vibration signal can be seen as 15.6Hz by 
magnifying figure C.  

The vibration frequency is analyzed and 

processed to restore the normal operation of mine 

ventilator. The embedded sensor online monitoring 

system for mine ventilator established in this 

research can not only collect and process small data 

such as temperature and negative pressure but also 

collect big data such as vibration information.  

The relevant frequency signal map is drawn to 

facilitate the comprehensive analysis of the fault. 

 

A B

C  
Figure 8: Analysis of vibration fault signal of mine ventilator 

 

Note: A is the time-domain waveform of the fault vibration signal, B is the autocorrelation curve of the fault 

vibration signal, and C is the envelope spectrum of the fault vibration signal. 



The On-Line Monitoring Analysis of Electromechanical Equipment under Embedded Sensor 

 

 

International Journal of Mechatronics and Applied Mechanics, 2020, Issue 8, Vol. I 70 

 
 

4. Discussion 
 
Embedded is a special computer system which is 
application–centered, based on computer 
technology, the can tailor hardware and software, 
and suitable for the strict requirements of 
application system to the function, reliability, cost, 
volume, power consumption.  

Embedded hardware and software that can 
design complex functions and make them tightly 
coupled together [13].  

The ventilator embedded sensor monitoring 
system designed in this research also couple the 
embedded and ZigBee wireless sensor together to 
complete the data collection and processing. 
Compared with general computer operating systems, 
embedded operating systems are characterized by 
small size, reliable implementation, clipping, curable 
and multi-processor support, and such operating 
systems are generally real-time operating systems 
[14].  

The embedded monitoring system established in 
this research occupies less space than the traditional 
computer monitoring system. The Linux embedded 
platform built by virtual machine has high reliability, 
low cost and low energy consumption, which can 
monitor the mine ventilator in real time. Wireless 
sensor network integrates advanced technologies 
such as microelectronics technology, modern 
network and wireless communication technology, 
and distributed information processing.  

It can cooperatively monitor, perceive, and collect 
the information of various environments or monitor 
objects in the network coverage area in real time and 
process it, and the processed information can be 
transmitted through wireless [15].  

The ZigBee wireless sensor network established 
in this research can collect the real-time information 
of the ventilator and transmit the collected 
information to the embedded platform through the 
ZigBee wireless network. Wireless sensor networks 
are suitable for deployment in harsh environments 
or places that are difficult for human to reach, and 
are not disturbed by environment and other external 
factors, enabling real-time equipment detection [16].  

With the continuous development of China's 
economy, the demand for coal is increasing day by 
day. As a necessary facility of coal yard, it is 
particularly important to monitor the mine 
ventilator. As mine ventilator is a large 
electromechanical equipment, it is difficult to 
monitor its internal, and the traditional monitoring 
system is complicated with low monitoring 
efficiency. Wireless sensors can solve this problem, 
and the collected data are true and reliable [17].  

The embedded sensor established in this 
research avoids the complicated circuit and wires, is 

simple in operation and high in monitoring 
efficiency, and can transform complex fault problems 
into charts, so that the staff can intuitively find out 
the fault problems of the ventilator. ZigBee is a 
wireless network protocol for low-speed and short-
distance transmission, which is mainly applicable to 
the fields of automatic control and remote control. 

 It can be embedded into any device. It has the 
advantages of simplicity, convenience, reliability and 
low price [18]. In this research, ZigBee wireless 
network and sensor are combined to realize wireless 
data transmission, which solves the complex 
problem of traditional monitoring equipment lines. 
The embedded wireless monitoring device for mine 
ventilator designed in this research can monitor the 
ventilator in real time and deal with abnormal 
conditions, which improves the reliability and safety 
of mine ventilator and provides experimental basis 
for the research and development of monitoring 
system for other motor equipment. 

 

5. Conclusions 
 

In this research, wireless sensors are used to realize 
real-time monitoring of mine ventilators, and 
different ZigBee terminals are developed.  

The temperature sensor is used to collect the fan 
motor temperature and fan temperature.  

The transducer sensor and RS-485 sensor node 
were used to collect the vibration intensity, 
acceleration and negative pressure of the ventilator.  

The embedded platform built by Linux can 
receive and process the data, display the 
temperature information of each part of the fan in 
real time, and process the collected vibration signals 
at the same time.  

The frequency spectrum is drawn, so as to see the 
fault cause of the fan more intuitively. At the same 
time, alarm threshold is established in the embedded 
platform. In case of fan failure, the staff can be 
notified in time. At the same time, a fault diagnosis 
system is established to help the staff to solve the 
problem as soon as possible. 

To sum up, different nodes of the sensor can 
upload the collected data to the coordinator ZigBee 
through the ZigBee wireless network.  

Then the data is uploaded to the embedded 

platform by the RS232 serial port and compared 

with the standard parameters, so as to realize the 

on-line monitoring of the mine ventilator.  

The use of ZigBee wireless sensor network avoids 

the design and connection of complicated lines, 

improves the work efficiency of staff and the safety 

of mine ventilator, and the system can store data for 

the convenience of staff to summarize and analyze 

later, which provides an experimental scheme for 
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the research and development of other motor 

equipment embedded sensor monitoring equipment. 
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