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In order to solve the disadvantages such as dispersed monitoring points, problems in wiring and poor real-time 

capability etc. in existing environment monitoring, the remote real-time monitoring system based on wireless 

sensor network is designed in this paper for the air environment in chemical industry zone. The optimal 

method is adopted to balance the load on the basis of clustered control technology, so that the energy 

consumption speed of the node can be reduced; and in the meanwhile, the gateway algorithm called 

optimized cluster distribution and based on maximum energy-path selection among multiple paths is also 

proposed. Finally, the software and hardware system of monitoring system network used in chemical 

environment is researched, and a set of low energy-consumption system is designed based on demands; the 

hardware aspect includes the function and structure circuit design of the system; and the software aspect 

includes the MAC layer design and upper layer system. The experiment result indicates that this system is of 

strong operability and flexibility, which can be used to adjust the power usage of the node effectively and 

improve the service life of the wireless sensor network, thus the chemical factory can be under the monitoring 

status continuously, due to which the instantaneity and continuity of the monitoring data as well as human and 

property safety can be guaranteed.  

1. Introduction 

The occurrence of chemical industry production is the symbol for the society development, scientific and 

technical development and human civilization improvement (Zhioua et al., 2015), which is the important field of 

modern production, and also the important embodiment of modern industry (Zeng et al., 2016). With the rapid 

growth of Chinese economy, the chemical industry is also under rapid development; however, the occurrence 

frequency of chemical accidents is also increasing, which has resulted in a large number of casualties and 

serious economic loss, even the undesirable political influence (Yuan, 2017). On one hand, the chemical 

industry drives the improvement and promotion of our society, economy and people’s living standard; on the 

other hand, it is also a great threat to people’s life and property safety (Wu et al., 2017). As for the hidden 

dangers and disadvantages of the monitoring system in chemical industry zone, the modernized, safe, reliable, 

high-effective and economical research and development of air environment monitoring system is imperative 

(Wu et al., 2017). The environment monitoring system used in chemical industry zone based on wireless 

sensor network can be applied to solve the problems in environment monitoring in chemical industry zone 

effectively; the effective data can be detected promptly, and the monitoring method is safe, simple and reliable; 

in the meanwhile, the environment monitoring personnel do not have to go to the chemical industry zone for 

monitoring; many reasons form the objective of our R & D on environment monitoring system; the R & D of 

this monitoring system will be more and more important in the environment monitoring in chemical industry 

zone(Wang et al., 2017). 

The wireless sensor network has been explored and researched widely in the world. The primary technology 

is to collect the site information through the effective cooperation and coordination of various sensors, and 

then the information will be processed by the system in the network; finally, the induced and collected 

information will be transmitted to the user in the form of random Ad-Hoc Network (Sironi et al., 2016). The 

wireless sensor network consisting of a large number of wireless sensor network nodes is widely used in 

many fields, such as the environment monitoring, mobile health, exploration position, military industry and 
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urban transportation etc (Shojaeilangari et al., 2015). Especially in the environment monitoring of chemical 

industry, in order to protect people’s life and property and achieve the scientific prevention before the 

occurrence of accidents in chemical industry zone and the scientific processing after the accident, it is of great 

significance to reduce casualties and loss of economy and property to the maximum, and reduce the 

occurrence of accidents in chemical industry zone (Rodriguez, 2002). Therefore, the system which can 

execute the environment supervision by replacing workers in case of sudden air pollutes leakage or severe 

environment, and in the meanwhile, the accurate and real-time data etc. can be obtained is urgent and 

essential (Reh et al., 2013).  

2. Hardware design  

2.1 Relationship between sensing node and network power consumption 

The main body of the wireless sensor network is the node; the effective sue duration of the network is directly 

related to the power consumption of each node (Park, 2016). The sensor node consists of four parts in total: 

sensor part (data collection), singlechip processor part, wireless communication part and power supply part 

(generally the battery is used for power supply) (Niu, 2016). Most part of the node energy is used in the idle 

state, and in the meanwhile, the energy required in compression data is also higher than the power 

consumption in transmission; in order to reduce the power consumption of the node, the power should be 

reduced firstly; then the node without data should be closed for temporary (Niedzinski et al., 2002). However, 

the power consumption of wireless node in the conversion of collected simulation signal is very small, which 

can be even ignored (Menzel et al., 2015). As for the power supply part, the battery module is a vital part to 

the sensor node, and it is not suitable in replacement; then the performance and storage of the battery may 

affect the node. The wireless sensor network include a large number of sensor nodes executing the 

monitoring task. The data is collected by each sensor in surrounding area through the remote sensing, and 

such data is transmitted to the receiver (McLoughlin et al., 2015). The battery used by a large number of 

sensor nodes is the main bottleneck for the unavailability of re-supply after the energy consumption in the 

wireless sensor network (Maji, 2010). Therefore, the economic and frugal management is the main approach 

to solve the short service life of the network. The wireless sensor network is better than networks of other 

types in saving battery power (Levy, 2010). The constitution and structure of the sensor node is shown in 

Figure 1.  

 

Figure 1: Constitution and Structure of Sensor Node 

2.2 Function and structure of environment monitoring system in chemical factories 

The sensor node in environment monitoring system of chemical industry is the basic component to the 

wireless sensor network. The main function of the sensor node is to collect the concentration, humidity and 

temperature information etc. of emissions in the environment of chemical industry zone periodically, and such 

information is converted into digital signal through the A/D converter and sent to the gateway node; such data 

is sent to the base station monitoring finally so as to ensure the real-time monitoring and data statistics 

(Huang et al., 2011). In the meanwhile, this node is also used to receive the command sent by the gateway 

node in the base station monitoring, so that the data collection can be achieved in relevant node; the 

information collected shall be sent to the monitoring centre in the original way. The selection of master chip in 

the interior is mainly made by referring to the transmitting power, power under idle state and dormancy period 

etc.; the design is implemented by selecting one chip with good comprehensive power and small power 

consumption. The wireless sensor network node in this design consists of MKL02Z8VFG4, CC2530+CC2592, 
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serial-port conversion chip RS232, temperature & humidity sensor chip HTU21D and power supply part etc.; 

see the compositive frame in Figure 2. 

 

Figure 2: Composition and Structure of Node in Wireless Sensing System 

3. Software design 

3.1 MAC layer design 

Some rules of data-link layer protocol in the wireless sensing network are directly related to the power saving 

capability of node and the distribution of data transmission channels (Cheng et al., 2011). When the signal 

transmission is required for node, then the data is transmitted through the appropriate channel, and this 

process is supported with the competition protocol. The network power of S_MAC is saved with timing 

mechanism, which means that the Sleep mode is started by setting certain period time. However, once the 

network loading data of such mode is less, as the empty frame should be monitored periodically, the real 

power saving is not achieved; and in case of periodic Sleep mode, the data block of transmission link may be 

caused, which may increase the delay. The basic communication figure of S_MAC between node 1 and node 

2 is shown in Figure 3.  

 

Figure 3: S_MAC Basic Communication 

The S_MAC protocol is adopted in this system; the sub-frame is added into the original frame; each frame 

includes two states: monitoring and sleep, as shown in Figure 4.  

 

Figure 4: Schematic Diagram for Duty Ratio of Node Dynamic Condition 

3.2 Node workflow 

Before the node label is powered on for operation, the detection is implemented to the master chip 

MKL02Z8VFG4; in case such detection is not passed, the error warning will be initiated. In case the detection 

is passed, the internal program of the chip may reset the external elements connected (Bauer et al., 2007), 

then the node will enter into the working mode truly: send and transmit the data etc. How to determine the 

level and function is controlled and realized with algorithm. See the specific design flow in Figure 5.  
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Figure 5: Flow Chart for Node Starting 

 

Figure 6: Data Receiving Process 

In case the node of the sensing network is started up, the periodic Monitor/Dormant will be started. When the 

frame is received by the node label, then it should be decided that if it is the RTF message; in case it is the 

RTF message, then correspondence to itself should be judged; if the correspondence is achieved, the data 

will be received automatically, and a CTF message will be sent to the node of the previous level; then the data 

will be received, and the token packet will be returned to the node of the previous level after the reception, 

which also means the completion of the token reception. Then the RTF is transmitted to the relay node, and 

will be transmitted upward level by level. See the specific flow chart in Figure 6.  

4. Simulation result analysis 

As for the design of environment monitoring system of chemical industry production, the MATLAB6.0 

simulation environment is used to simulate the power usage of node deployed in the chemical factory. Table 1 

is the setting of simulation value, and Table 2 is the data generated in simulation.  
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Table 1: Simulation Parameters 

Related parameters Value 

Number of network sensor nodes 120 

Sensor node initial energy 250mAh 

Network coverage area 150 

Node coverage 90% 

Node sleep time 15min 

The maximum communication distance of the node 25m 

Transceiver speed 11400bps 

Table 2: Simulation Result 

Related parameters Value 

Number of hop nodes 131 

Maximum hops 22 

Coverage rate 90% 

Survival node occupancy 6.3% 

Network life cycle 25 months 

 

According to two tables above, when the maximum communication distance of the node deployed in the 

chemical factory is 25m, and the sending and receiving speed is 11400bps, the network can be maintained for 

25 months for operation; when the normal working mode of the network is ineffective, the node living in the 

network is only in the proportion of 6.3%; the power of each node in the network is nearly used balanced, 

which can ensure the instantaneity of data in the area monitored and the long-time operation of the network .  

5. Conclusion 

The demands and design thought of the environment monitoring system in chemical industry is described in 
the beginning of this paper. Then the system structure design is introduced in the aspect of hardware design 
and software design; the hardware aspect is mainly introduced from the function and structure of the system 
as well as the circuit design; the software aspect mainly includes the MAC layer and node workflow. Based on 
the simulation of environment monitoring of chemical industry, the it is verified that the wireless sensing 
scheme designed can be used to distribute the power of node in the network averagely, and the normal 
operation duration of the network can be extended, thus the real-time presentation of the environment 
conditions in chemical industry and the human safety can be ensured.  
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