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Abstract 
Based on the characteristics of wireless communication technology and 
Wireless Sensor Network, this paper studies the well site environmental moni- 
toring system. The relevant hardware and software of the system are designed 
to monitor the well site environment, thus preventing downhole accidents. 
The system uses the wireless ZigBee technology as the transmission mode, 
and combines the virtual instrument technology to design the upper machine 
interface. The test results show that the system can monitor the outdoor envi- 
ronment in real time. When the environmental parameters exceed the set 
value, the corresponding location of the LabVIEW interface will send an 
alarm. 
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1. Introduction 

With the advent of the energy crisis, the long-term, safe and efficient mining of 
oil resources has become a topic of study. The well site environment has three 
main characteristics: severe condition, high risk, and the lack of efficient moni-
toring parameters. When the control of the relevant parameters is not timely, 
some large or small accidents will occur. Besides the geological conditions, the 
lack of timely control of oil production parameters is the leading cause to these 
accidents.  

As early as more than 30 years ago, remote monitoring technology in other 
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countries has been applied in the field of the well site environmental monitoring 
[1]. With the advent of the twenty-first century, experts in western countries not 
only began to use wireless communication technology to monitor the well site 
environment, but also began to realize the importance of the automation in 
drilling technology. But due to the use of wired transmission in the well site en-
vironmental monitoring, the system also has some limitations. One case in point 
is that the signal needs to undergo heavily corroded areas; therefore, wireless 
communication technology has been highly valued. Compared with wired trans- 
mission, wireless communication technology has the advantages of low power 
consumption, low cost and dynamic performance [2]. They can be well used in 
environmental wireless monitoring; therefore, it is very important to study the 
field of the well site environment monitoring system based on wireless sensor 
network. 

2. The Hardware Design of the System  
2.1. The Framework of the Hardware Design  

This system adopts the fixed end acquisition mode, which is divided into four 
parts: terminal, router, coordinator and the upper machine. The definitions of 
these four parts are listed in the following:  

Terminal: using various sensors (temperature, humidity, H2S, CH4, smoke, 
light), to get various well site environmental parameters; the signal will be proce- 
ssed by MCU; storing data; using ZigBee network to send the stored data to rou-
ter.  

Router: sending the received terminal information to the coordinator.  
Coordinator: using the ZigBee network to receive data sent by the terminal, 

using single-chip microcomputer for data processing and data storage, and ex-
changing data with the upper machine. 

The upper machine: analyzing the received data to determine whether early 
warning is necessary.  

Working principle: this design mainly aims to resolve the difficulty in the 
process of well site environmental monitoring and accidents that may arise in 
the complex environment. In the network, sensor nodes distribute in various 
places of the well site. According to the coverage of the network and the actual 
area of the well site, the total number of sensor nodes that may be needed can be 
figured out [3]. The temperature, humidity, light intensity and a variety of 
harmful gases in the well site environment will be collected by the sensor nodes 
in real time. When coordinator is powered on, the network is beginning to be 
built, and then the wireless connection of the sensor nodes is realized through 
the use of ZigBee. At this point, the sensor nodes will automatically match the 
coordinator and then join the ZigBee network. The sensor node will send the 
collected environmental parameter information to the upper machine, using the 
upper machine to realize the data display, processing, preservation and other 
functions [4]. The system is shown in Figure 1: 
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Figure 1. Overall design of network node. 

2.2. Hardware Design of Network Nodes 
2.2.1. Overall Design of Network Nodes 
This design is aimed at the monitoring of the well site environmental parame-
ters, which is generally severe. The environmental parameters that need to be 
collected include combustible gas (methane), temperature and humidity, light 
intensity, toxic gas hydrogen sulfide and smoke, etc. In this design, the main 
control chip of the whole network adopts CC2530, which is widely used in the 
application of ZigBee wireless sensor network for its adaptability in the well site 
environment. Besides, the network should also have the sensor module, the ra-
dio frequency module, the power module, the communication serial port as well 
as the antenna and so on so as to satisfy the wireless communication function of 
the entire network data [5]. The sensor module mainly includes MQ-2 gas sen-
sor, temperature and humidity sensor SHT11, photoelectric sensor and hydro-
gen sulfide sensor. Sensors and CC2530 chips are integrated on the same board 
PCB. RS232 is used as the communication serial port.  

2.2.2. The Introduction of Main Control Chip CC2530  
Based on ZigBee and RFCE applications, CC2530 is an on-chip system, which 
can create powerful network nodes, and the cost is very low [6]. Due to its mul-
tiple operating modes and the swift shift between different modes, CC2530 is 
very suitable for low power consumption system. Figure 2 shows the CC2530 
chip and its peripheral circuits. 

2.2.3. Sensor Circuit Design 
This design of well site environmental wireless monitoring system is mainly used 
to monitor environmental parameters of well site. In order to monitor the para-
meters, environmental information should be collected first; therefore, it is ne-
cessary to configure the corresponding sensor circuit for the network node so as 
to complete the information acquisition task. The sensor module mainly in-
cludes MQ-2 gas sensor, temperature and humidity sensor SHT11, CH4 sensor, 
photoelectric sensor and hydrogen sulfide sensor [7].  

SHT11

Photoelectric Sensor TLV2370
Amplifier

A/D
Transformation

Voltage Conversion

MQ-2

Hydrogen Sulfide Sensor

MQ-136

Power Module

CC2530

The Upper Machine

Communication 
Serial Port

Antenna



B. Chen et al. 
 

104 

 
Figure 2. CC2530 chip and peripheral circuit. 

 
The module circuit diagram of MQ-2 and MQ-136 has four interfaces: power 

supply port, analog and digital signal output port and grounding port. Applica-
tion circuit of SHT11: CC2530’ s P1.6 and P1.7 port are used to control SHT11’ s 
data and SCK port and 3.3V DC is used as power supply. The function of the 
photoelectric sensor circuit is to enable the photosensitive device to receive the 
optical signal and convert it into an electrical signal, amplify the signal by the 
Noninverting amplifier circuit. 

2.2.4. Serial Communication Circuit 
This design of serial port communication adopts serial communication. Serial 
communication is the connection between the computer and the external device 
through a data signal line, the data is transmitted bit by bit through the signal 
line. Although this communication mode can save communication costs, the 
transmission speed is slower than the parallel. The function of serial communi-
cation circuit is used to connect the coordinator with the upper machine, thro- 
ugh which the data can be displayed [8]. Figure 3 is the serial port communica-
tion circuit diagram. 

2.2.5. Other Circuit 
This part mainly includes the antenna circuit and the power conversion circuit. 
The antenna circuit causes the communication signal to be transmitted from one 
node to another node in a wireless way, 9V DC current is converted into 5V DC 
power supply and 3.3V DC power supply. 

3. The Software Design of the Wireless Monitoring System of 
the Well Site Environment  

3.1. MCU End Software Design Framework 

MCU end software design framework is shown in Figure 4. 
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Figure 3. Serial communication circuit. 
 

 
Figure 4. MCU end software framework of the wireless monitoring system of the well site 
environment. 

 
The basic idea of SCM end software: start and initialize the whole system; then 

start A/D conversion, the A/D converter is implemented using the CC2530 pe-
ripheral circuit, and using the corresponding sensors to acquisit environmental 
parameters, the collected data is then sent to CC2530 for storage and data 
processing, finally, using CC2530 RF transceiver to send data, then the other end 
of the CC2530 receives the data [9]-[30].  

1) Sensor node: The sensor node is mainly responsible for collecting the well 
site environmental parameters, the design uses a temperature and humidity sen- 
sor and photoelectric sensor. Start the sensor node first; next, initialize CC2530 
chip and transmitter module, build network, and then acquire data, the acqu-
sited data is sent to the upper node [9].  

2) Coordinator node: Coordinator node is used to establish and manage the 
whole network, when the network establishment is completed, the coordinator 
node mainly receives the data packet that comes from the router, and the data is 
sent to the control center by the serial communication.  

In this design, the coordinator is connected to the upper machine through the 
serial port. The coordinator program includes receiving router node data and 
sending data to the upper machine.  
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3.2. The Software Design Framework of the Upper Machine End  

The software of the computer terminal is to receive the data wirelessly, then dis-
play the data through the serial assistant, and then use the upper machine for 
data processing, storage, alarm and other functions. The frame figure is shown 
in Figure 5. 

3.3. The Upper Machine Implemention 

The design is completed by using LabVIEW. The LabVIEW interface is shown 
in Figure 6. 

As can be seen from the LabVIEW interface, the user login, serial port confi-
guration, data and waveform display, as well as the data storage function are all 
integrated into one integral interface [10].  

4. System Testing 
4.1. Module Test 

1) Data acquisition module test 
Due to experimental limitation, in this design, only SHT11 temperature and 

humidity sensors and photoelectric sensors are selected in the test. The meas-
ured temperature, humidity and illumination data are shown in Figure 7. 

2) Communication module test 
In order to verify whether the CC2530 wireless communication can be carried 

out properly, therefore, the communication module should be tested. Using two 
CC2530 templates, one download terminal node program, another download  

 

 
Figure 5. The software framework of the computer terminal. 
 

 
Figure 6. The LabVIEW interface of the wireless monitoring system of the well site envi- 
ronment. 
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coordinator program, the coordinator is connected with the upper machine 
through the serial port line. First, the coordinator is turned on, then the terminal 
node is connected to the power supply, the two modules’ LED display and serial 
assistant display can be observed. By testing the system module, it shows that the 
system really works. Then the whole system is tested.  

4.2. Integration Test 

When all the programs of the system and the LabVIEW interface design are 
completed, using USB line to connect each hardware of the node, using the serial 
port communication line to connect the coordinator to the upper machine. The 
program of the coordinator, router terminal node 1 and terminal node 2 are 
downloaded to the MCU successively by using the CC Debugger emulator. After 
the download is completed, the parameters can be acquired, and the relevant in-
formation can be displayed in the serial assistant.  

Close serial debugging assistant, open LabVIEW interface, and then click 
“run”. Then enter the correct account number and password to log in, select 
serial port COM3, the baud rate is set to 38400 in advance, at this point, the read 
buffer will display the parameter values of terminal node 1 and terminal node 2, 

 

 

Figure 7. Figure display of acquisition module test serial port.  
 

 

Figure 8. Historical data preservation figure of the environmental parameters. 
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at the same time waveform and data display interface also have the correspond-
ing data display.  

At this point, clicking the file path to select the location to save the file, when 
the system stops running, click the saved file to view the historical data, as 
shown in Figure 8. The figure shows that all the environmental parameters are 
collected, and the parameters of node 1 and node 2 can be displayed automati-
cally, through the preservation of historical parameters, we can analyze the data 
and find the possible faults. 

4.3. Actual Measurement of Environment 

In order to verify the reliability of system design, the system was tested outside 
the laboratory. First of all, download and deploy computer terminal, coordinator 
and router. Thereafter, place each terminal node, coordinator and router in 
proper places. After the placement of the nodes, using the charge pal as the 
power supply, the upper machine is replaced by computer. After the completion 
of the preparatory work, we carried out the acquisition of environmental para-
meters.  

The test results show that the system can monitor the outdoor environment in 
real time, when the environmental parameters exceed the set value, the corres-
ponding location of the LabVIEW interface will send an alarm.  

5. Conclusion 

The ZigBee technology-based wireless monitoring system of the well Site envi-
ronment is introduced in this paper. The system uses the wireless ZigBee tech-
nology as the transmission mode, and combines the virtual instrument technol-
ogy to design the upper machine interface. The experimental results show that 
the system is stable and reliable, and the anti-interference ability is strong. More- 
over, the system can also be applied to the acquisition and monitoring of a va-
riety of outdoor environmental parameters. 
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