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Aiming at the subway tunnel with special requirements for temperature, humidity and CO gas, an intelligent 

monitoring system for environmental pollution in subway tunnel construction based on Internet of Things is 

designed. Combining the Internet of Things with GPRS technology, the system uses the data acquisition terminal 

of the Internet of Things to collect environmental data, and uses GPRS as wireless communication network to 

carry out wireless data transmission between host computer and on-site monitoring points. The whole data 

acquisition terminal is controlled by LPC2210 single chip computer. It can satisfy the communication under 

different GPRS access modes by modifying and adjusting the software, and has good expansibility. Experiments 

show that the system can meet the design requirements. 

Subway Tunnel; GPRS; Wireless Transmission Network; Environmental Monitoring; LPC2210; Internet of 

Things 

1 Introduction 
With the development of urban rail transit, tunnel environment has become one of the problems affecting the 

safe operation of metro. Metro tunnel is a relatively closed space. Temperature, humidity and CO gas inside the 
tunnel will cause damage to the health of train drivers and crew, passengers and tunnel maintenance workers, and 
also affect the safety of driving. Many scholars have done a lot of research on the environmental pollution of 
intelligent metro tunnel construction based on Internet of Things. 

Zhou et al (2019) published an article entitled “The Impact of Environmental Petition Letters on Alternative 
Energy under the Stimulus of Environmental Pollution” on Issue 107 of Ekoloji in 2019. This document addresses 
the impact of environmental petitions on alternative energy sources stimulated by environmental pollution. The 
influence of disposable income, population density, scale of letters and visits, degree of freedom of trade and 
scale of human capital investment on the use and development of alternative energy, especially hydrogen-based 
renewable energy, in China is evaluated by using set least squares (PLS) and fixed effect (FE) ordinary least 
squares (OLS). When the public can't tolerate the polluted environment, it will encourage the government to 
develop and invest in clean energy. 

Zeng et al. (2018) designed a section monitoring system of Metro Tunnel based on Internet of Things. In 
order to meet the needs of safety information monitoring of Metro tunnel, a remote monitoring and warning 
system for metro tunnel section was designed. The system mainly consisted of two parts: the monitoring point 
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distributed on the tunnel section and the cloud server monitoring center. CC2530 chip was the core of the 
monitoring point. Intelligent inclination sensor was used to collect cross-section inclination change data, and 
ZigBee wireless sensor technology and GPRS communication technology were combined to upload the data to 
the cloud server monitoring center. Cheng and Kuang (2017) designed an intelligent environment monitoring 
system based on Internet of Things. A real-time environmental monitoring system based on the Internet of Things 
was established to realize on-line monitoring of regional environmental parameters, timely grasp of the 
environmental situation and control the adverse environment. This system was composed of App platform, 
environment detection module and environment control module. ZigBee sink node was used as the center to 
receive and send data. When the environmental parameters exceed the set threshold, sink node sends data to the 
environment control module, adjust the environment by itself, and achieves the goal of improving the bad 
environment in the region. App platform can intuitively view the regional environmental parameters and operate 
the environmental control module to achieve the purpose of real-time monitoring. 
In the process of subway operation, it is particularly important to monitor temperature, humidity and CO gas in 
tunnels. GPRS technology has been widely used in the field of wireless data communication (Yu et al. 2017, 
Yang et al. 2018; Yang et al. 2018; Yu et al. 2019) because of its advantages such as no laying of communication 
lines, flexible networking mode and long-distance transmission. For this reason, in this paper, the temperature, 
humidity and CO gas collected in the tunnel are monitored online. According to the environmental monitoring 
requirements of tunnel operation, an environmental monitoring system based on Internet of Things is designed, 
which provides an effective safeguard for the safety of Metro operation. 
2 IDEA DESCRIPTION 
The overall structure of the system is designed, which consists of three parts: data acquisition terminal, 
transmission network and monitoring center (Cui 2018). Data acquisition terminal is responsible for collecting 
data from on-site monitoring instruments and transmitting data to the host computer by using the Internet of 
Things technology; the transmission network completes the transparent transmission between monitoring center 
and monitoring terminal; the main task of monitoring center is to analyze the data collected on-site, make 
corresponding control commands and display the on-site status in real time (Wu 2017). The feature of this design 
is to solve the problem that temperature, humidity and CO gas can not be monitored on-line in real time and 
transmitted remotely in Metro tunnel. 
3 RESULTS 

3.1 System hardware design 
The hardware of environmental monitoring system for metro tunnel consists of data acquisition unit, data 

processing unit, power management unit and wireless data transmission unit (Zhou 2017). The hardware of the 
system takes LPC2210 MCU as the core, and collects the signals of AM2303 and CO sensors by controlling 
LPC2210 I/O port of microcontroller. After data analysis and processing, the data is sent to SIM300CZ wireless 
data transmission module by RS232 communication serial port, which is sent to the monitoring center through 
GPRS wireless network. 

3.1.1 Data acquisition unit  
In the Internet of Things environment, sensor data acquisition module is mainly composed of temperature 

and humidity sensors and CO sensors. In view of the special requirements of temperature, humidity and harmful 
gases in Metro tunnels, the system collects temperature, humidity and CO data in metro tunnels using the data 
acquisition terminal of the Internet of Things, and then transmits the data to the monitoring center for real-time 
online display (Li et al. 2017) via wireless sensor network. The digital temperature and humidity sensor adopts 
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AM2303, which is a new type of single bus sensor. The digital temperature and humidity sensor AM2303 consists 
of a capacitive humidity sensor and a high precision temperature sensor. The range of temperature measurement 
is -40 - +80℃ with accuracy of ±0.3℃and the range of humidity measurement is 0-99.9% RH with accuracy of ± 
2% RH(25℃). CO sensor adopts CO/CF-20 electrochemical gas sensor made by Membrapor Company of 
Switzerland. Its accuracy can reach 0.1 mg/m3 and its maximum range is 20 mg/m3(Yu, 2018). 

3.1.2 Data processing unit 
The data processing unit of sensor nodes adopts a single-chip development board/data acquisition board 

based on LPC2210 processor, a 10-bit A/D chip, a 5 V reference voltage and 128 kB storage memory. LPC2220 
processor runs at temperatures ranging from -45 to +90℃, which can be adapted to different harsh environments. 
Thus, the chip can be well applied to data acquisition and data processing in GPRS wireless network. 

3.1.3 Power Management Unit 
Because LPC2210 uses two sets of power supply, the system needs two-way power supply, the I/O port 

power supply is 3.3 V, and the core and on-chip power supply is 1.8 V. Therefore, low-voltage differential power 
supply (LDO) chip is used to output 3.3 V and 1.8 V voltage. The experimental results show that 90% of the total 
power consumption of the system is consumed in the wireless transceiver unit and data acquisition unit under the 
continuous working state of the sensor nodes. Therefore, the project uses software to control sensor nodes to 
collect real-time data, and closes the control power immediately after the temperature and humidity and CO data 
acquisition. When the data acquisition node sampled without data transmission, the module of wireless 
transceiver unit is in a dormant state, which can effectively reduce the energy consumption of nodes and increase 
the use cycle of nodes and networks. 

3.1.4 Wireless data transmission module 
The selection of wireless transceiver unit should be based on the actual demand. The design first considers 

the transmission distance, and then considers the power consumption and on-chip resources. Among many 
optional modules or chips, high power module SIM300CZ is chosen. In node development, it avoids the complex 
design of RF unit and has the advantage of development. Considering on-chip resources and processor 
performance under the same power consumption, SIM300CZ has low power consumption and abundant on-chip 
resources compared with other products, which is suitable for functional expansion. After comprehensive 
analysis, this design uses SIM300CZ wireless microcontroller as wireless data transmission module. 

3.2 System software design 
The main functions of data acquisition and monitoring points are to collect, process and transmit the data of 

the monitoring points and transmit the data of other monitoring points in the system. The wireless sensor 
monitoring points designed in this project are applied to the unattended real-time on-line environmental 
monitoring, and the dual power supply is used for power supply. The system software adopts modular 
programming, including data acquisition and processing program, database program, monitoring center program 
and so on. The main program flow of the system software is shown in Figure 1. 
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Fig. 1 Flow chart of the main program of the system 
4 DISCUSSION 
In order to test the reliability and accuracy of the system, temperature, humidity and CO were collected and tested 
in different environments. The comparison between the measured values and the real values was shown in tables 
1-3. According to the environmental quality evaluation criteria of electrified tunnels, the errors between the 
measured values of temperature and humidity and CO parameters were small, which accorded with the reference 
values of temperature, humidity and harmful gases in tunnels. The test results show that the whole system 
achieves the expected effect, with fast response, low cost, high reliability and good accuracy. 

Table 1 Thermometer 
True temperature value/℃ Test temperature /℃ 

9.2 9.17 

15.2 15.16 

31.5 21.60 

25.6 25.56 

36.1 36.18 

Table 2 Humidity value 
True humidity value/℃ Test humidity value/℃ 

0.0 0.00 

5.0 5.16 

11.0 11.60 

16.0 16.13 

22.0 21.88 

Table 3 CO concentration values 
True value of CO CO concentration test value/mg*m-3 
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concentration/mg*m-3 

5.0 5.12 

6.3 6.16 

8.2 8.20 

9.5 9.53 

9.3 9.21 

5 CONCLUSION 
The system can be well applied to the environmental monitoring of Metro tunnels, and realize the real-time 

acquisition and monitoring of their environmental parameters. The advantage of the design is that the 
experimental conditions can be well controlled and the experimental parameters can be easily collected and 
processed. And the design of software and hardware of the system lays a foundation for the comprehensive 
development of environmental monitoring performance test platform in the future. 
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