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Abstract 

With the rapid development of logistics industry, the amount of goods stored in logistics 
warehouse is increasing. However, plenty of storage items are explosive, flammable, 
burnable, toxic and corrosive, there exists great hidden troubles. Therefore, the 
research of ‘intelligent wireless monitoring system for logistics warehouse fire’ is of 
great significance for logistics safety and the rescue work during the fire. Based on 
wireless sensor network(WSN), this paper investigates the fire monitoring for logistics 
warehouse. Using ZigBee as the wireless communication technique, CC2530 as the core 
hardware, combined with artificial intelligence algorithm, a network model is designed 
for fire monitoring of logistics warehouse. To verify the feasibility of this system, plenty 
of tests have been done. The result of test demonstrates that it can smoothly link the 
internet, collect and transmit the environmental parameters in real time, plan the 
evacuation paths automatically. Apart for these, the research can further improve the 
practicality of fire monitoring, provide technical support for evacuation guidance and 
auxiliary rescue, provide technical reference for the realization of fire warehouse 
intelligent monitoring system. 
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1. Introduction 

The rapid development of modern logistics industry has increased the variety of goods. The special 

items (chemistry materials, pesticides, chemical fertilizers and medical supplies, etc.) reserved in the 

warehouse are characterized by explosive, inflammable, combustible, toxic and corrosive, etc. During 

storage, these goods will explode and burn when contacting fire, heat, rain and water. Goods will also 

explode and burn even under violent shock, impact, friction and contact with the nature of the object 

[1]. Once fire occurs, it will bring huge loss to people’s life and properties. Therefore, it is very crucial 

to study monitoring system for logistics warehouse.  

At present, regarding environmental monitoring and rescue evacuation in the logistics warehouse 

during the fire accident, site environment is monitored through driving environmental monitoring car 

to the scene or placing the monitoring points artificially. And the people at the site are guided to 

evacuate and properties are diverted by firemen. Actually, people only give an alarm after accidents, 

but environmental parameters do not get effective monitoring. And after the fire accident, the people 

in the core area of accident only could be evacuated according to the fixed evacuation indicator, which 

may mislead or affect the people’s evacuation and fail to achieve scientific evacuation. Rescuer’s 

work also has huge blindness and cannot know the information of environmental parameters in the 

accident, which results in greater losses of people and properties after the secondary accident (such 

as explosion). With the development of wireless communication technique characterized by low-cost 
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and low-power, combined with modern microprocessor, rapid and efficient environmental monitoring 

systems are built. The research of this study realizes the wireless intelligent monitoring for fire, 

overcomes the shortage of classical fire monitoring systems in aspect of rescue and evacuation, offers 

technique guide for the accident of logistics warehouse, guides the trapped people on the scene to 

evacuate, helps firemen and people on the scene to rescue people’s life and properties. So, it is of 

great significance to explore intelligent wireless monitoring system for logistics warehouse. 

2. State of art 

The study of fire detecting began at a hundred years ago [2], mainly including three stages. The first 

stage was “early fire detection”. In this stage, various primary detectors, such as temperature detectors 

and smoke detectors, only detected single parameters. The second stage was “multi-sensor composite 

era”, which could detect two or more than two parameters, such as temperature-smoke fire detectors, 

light-smoke fire detectors, light-temperature fire detectors, differential temperature detectors and 

even a detector with three different sensors [3]. The third stage was “intelligent fire detection”. With 

the development of microprocessors, integrated circuit, nanotechnology and information processing 

technology, fire detectors became smaller and more convenient, signal processing became more 

intelligent. Complicated algorithm improved the accuracy and reliability of fire detectors. Neural 

network algorithm was greatly applied to most of studies due to its advantages of strong learning 

ability, environmental suitability, fault tolerance and parallel processing capability [4-6].  

In the aspect of fire monitoring systems, at present, many efforts have been made in WSN. A wireless 

sensor network paradigm based on a ZigBee technique was proposed by Andreas in 2010. The 

architecture of a wireless sensor network for forest fire detection was described [7]. Riccardo mainly 

focused on the software design for fire monitoring system. The application was devised and tested 

through the use of Signet Lab 2 management system, that allows the control, visualization, and 

reprogramming of deployed sensor networks. This system facilitates rapid testing and debugging of 

sensor network applications on deployed networks [8]. The information fusion technique was applied 

to the fire monitoring system by Li and designed a multi-sensor intelligent fire monitoring system 

that was mainly composed of a detector and a master controller. Li also studied radial basis function 

(RBF) neural network fusion algorithm to predict the emergence of fire [9]. Wang proposed a fire 

monitoring system based on SVM in Chinese Control Conference that had high accuracy for fire 

forecasting [10]. Yet, only detecting and predicting fire parameters are not enough to reduce the loss. 

Once fire emerged, optimal evacuation route could effectively rescue people’s life. With rapid 

development of internet, microprocessors and artificial algorithm, fire monitoring system for logistics 

warehouse gained more promotion. Hence, with combination of WSN and intelligent algorithm, it is 

essential to realize monitoring, alerting and scheme of optimal evacuation route in the fire monitoring 

system. 

The remainder of this study is organized as follows. Section 3 investigates ZigBee and proposes 

algorithm of optimal evacuation route. Section 4 gives the hardware and software of system. Section 

5 demonstrates the test of monitoring system. The last section summarizes the paper and gives the 

relevant conclusions. 

3. Theoretical study 

3.1 Zigbee 

ZigBee is a kind of low-cost and short-haul wireless communication technique, characterized by short 

distance, low complexity, self-organization, low-power, low data rate, low-cost. Currently, ZigBee is 

mainly used for automatic control and remote control [11]. In 2001, ZigBee was brought into the 

IEEE standard, proposed by the Institute of Electrical and Electronic Engineers. Subsequently, 

ZigBee gradually has been one of the universal wireless communication technique. 

Mesh topology are composed of a coordinator, massive routers and end device. Mesh network is a 

kind of more flexible mesh topology, where routing nodes and terminal nodes can communicate 

http://dict.youdao.com/w/neural%20network/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/neural%20network/#keyfrom=E2Ctranslation
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randomly. This kind of routing mechanism makes information communication faster and more 

efficient. In the mesh internet, if there is something wrong with a communication path, information 

can be automatically transmitted along other paths. This is a communication pattern called ‘multistage 

step’. This topology structure can form complicated internet, and the internet has the function of self-

organization, self-repairing. Figure shows the mesh network topology. 

 

Coordinator

End device End deviceEnd device End device

End device

Router Router

Router

End device End device

 

Fig.1 Mesh network topology 

 

3.2 Algorithm of evacuation path 

After processing the sensor data, the real-time intensity figure of various data is obtained, and then 

the real-time information monitored in every node is reflected in the monitoring interface. At the 

same time, according to the weigh value of various parameters monitored in the logistics warehouse, 

the system can choose the optimal evacuation path. According to the statistics, the weigh value of 

death factor in the fire can be seen as follows: CO>smoke>light intensity>temperature>humidity, that 

is to say, CO and smoke are the deadly killer in fire. In this study, based on the weigh value of 

temperature, alarm coefficients are set to 1.8, 1.8, 1.6, 1, 1. Based on this principle, the alarm weigh 

value of each node were obtained. And according to the reciprocal weighted interpolation algorithm, 

the alarm information for each node in the evacuation path are obtained to choose the optimal 

evacuation path.  

The basic concept of the reciprocal weighted interpolation algorithm can be seen as follows. After 

receiving coordinates of observation point and unknown point, based on the distance from the 

observed point to the unknown point, we can assign the corresponding weight to the attribute value 

of the observed point. The closest point is assigned a big weigh, and the farthest point is assigned a 

small weigh, as is shown in equation (1). 
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In the formula, ( )P z —The value of attribute Z of unknown point P. 

N —The number of points already observed. 

iZ —The attribute values of observed points i. 

( , )id x y —The distance from point i to point P. 
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In general, the value of   is 2, and greater the value is, slower the variation of the interpolation 

result is, or it can be expressed as follows: 

1
( ) ( )

N

i ii
P z Z

=
=                               (2) 



 

 

25 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 6 Issue 11, 2020 

DOI: 10.6919/ICJE.202011_6(11).0005 

Among them: ( )P z  , N  ,
iZ  has the same meaning, 

i  represents the weight of 
iZ , 

i  satisfies: 
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As for the reciprocal weighted interpolation algorithm, workflow can be seen as follows. The sensor 

data in the model is collected after obtaining the coordinates of the grid nodes on the path, based on 

which, the sensor points and model nodes are judged. According to the location relation, the weight 

coefficient of the spatial interpolation algorithm is determined. After analyzing the alarm information 

of each node on the path, the optimal evacuation route can be judged. When the fire occurs, according 

to the alarm parameters on the evacuation path, the optimal program can be determined and 

transmitted to the command people, which can help firefighters to open the optimal rescue routes as 

soon as possible and strive for more time in rescue. 

4. System design 

4.1 Study program 

The system is designed according to the research requirements. By using the new established network 

model, ZigBee nodes are deployed in the monitoring area to obtain the coordinates of each node. On 

the basis of the network model, the real-time monitoring for the logistics warehouse and rescue 

instructions are realized. Hardware is mainly composed of coordinator node, router node, fire 

detection node, linkage control node and host computer monitoring software. After the coordinator 

has set up the network, the collecting nodes begin to monitor the environment. When the fire occurs, 

the upper computer can show the actual situation monitored and analyze whether there is a fire, and 

then take appropriate measures. The general scheme is shown in Figure 2. 
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Figure 2 General structure of fire warehouse monitoring research 

 

Now, there are many types of logistics warehouse, some of their structures are complicated. The 

monitoring technique is still in the exploratory stage. The above study aims at the study of fire 

monitoring for the logistics warehouse that is cottage type, without considering the multi floor 

logistics warehouse situation. In this study, the communication distance between the network nodes 

can reach 30m. Fire detection nodes can collect parameters such as temperature and humidity, light 
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intensity and smoke concentration. And the packet loss rate of data transmission can be controlled 

within 2%. The alarm threshold of each parameter can be set according to the actual situation.  

4.2 Hardware design 

The system hardware design is mainly the design of the sensor network node, according to the model 

requirements, using CC2530 chip design isomorphism node, mainly divided into the monitoring node 

and the network sink node, the design of the block diagram is as follows: 

 

 

Fig.3 The hardware diagram of monitoring node 

 

The monitoring node of sensor network terminal is mainly responsible for the perception of the site 

environment, collecting corresponding parameters transmitted to the sink node network.  

 

 

Fig. 4 The hardware diagram of aggregation node 

 

Gathering node is the coordinator, mainly responsible for organizing network, becomes the center of 

the network. The whole network uses the coordinator and PC to realize communication. 

4.3 Software design 

System design includes software design, and software design includes the node software development 

and computer software development. The node software development of this study is mainly on the 

basis of z - stack protocol stack for development - Stack protocol stack was developed by TI Company 

as the ZigBee technology special protocol stack, which defines how to communicate hardware with 

software without peer coordination. In the field of network communication, the entities in each 

protocol layer are packaged and peer to peer entities. In the packet communication sender, the user 

needs to pass in order from the top to the lower sequentially through the various protocol layers, each 

layer entity to add your own data in accordance with the original information in a predetermined 

message format, such as the head of each layer information and validation, and finally arrives in the 

lowest physical layer data into a bit stream, passing the physical connection between. On the receiving 
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side packet communication sequentially upward through the protocol stack, each layer entity can 

accurately extract the desired format in accordance with a predetermined layer of the data processing, 

end-user applications to get the final data processing. The software design of the collection is as 

follows:  

 

Fig.5 The flowchart of terminal node 

 

 

Fig.6 The sketch of PC 
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After acquiring the data obtained, the data is sent to the host computer, the software part of the design 

also includes PC software design, implement its functions: 1) Data processing node judges; 2) the 

network address and display data acquisition node device; 3 ) draw dynamic curve data; 4) data record; 

5) alarm function; 6) data storage. PC design software architecture shown in Figure 6. 

4.4 Design of system protection 

SolidWorks is the world's first Windows-based 3D CAD system developed by Dassault Systems S.A., 

and is now the most commonly used software in the CAD / CAM industry [12]. To enhance the node's 

ability to resist disaster, protect the sensor and make the node unaffected after the disaster, this study 

uses SolidWorks to design protection devices to improve the probability of survival for nodes in fire 

[13-14]. Fig7 is a model of a protective enclosure for fire detection nodes designed with SolidWorks. 

 

 

Fig.7 The model of a protective enclosure for fire detection nodes designed with SolidWorks. 

 

To facilitate the later monitoring for the logistics warehouse, this study has done a corresponding 

study on the fire site protection [15-17]. After doing the corresponding investigation, the protection 

for monitoring nodes in logistics warehouse mainly includes the prevention of water vapor damage, 

metal corrosion and temperature damage and other factors that affect the normal work of hardware. 

At the same time, the nodes need to be insulated, flame retardant, unzerbrechlich and can withstand 

certain blast shock waves, to ensure that nodes can work properly in fire.  

5. System testing and analysis 

5.1 Test of packet loss rate 

This test sends one thousand identical data packets to the coordinator node through terminal node, 

and the packet loss rate indicates the reliability of the network transmission. The data is transmitted 

to the receiver by the collecting part, and the transmission results are displayed on the computer 

through the serial port debugging software(power is 1dBm). Table 1 shows the relation between the 

distance and the packet loss rate among two nodes. 

 

Table 1 Test data of packet loss rate at different distance 

Communication distance(m) Data packet sending Data packet receiving Packet loss rate（%） 

5 1000 998 0.2 

10 1000 996 0.4 

20 1000 987 1.3 

30 1000 986 1.4 

40 1000 879 2.1 

http://www.youdao.com/w/flame%20retardant/#keyfrom=E2Ctranslation
http://dict.cnki.net/dict_result.aspx?searchword=%e4%b8%b2%e5%8f%a3%e8%b0%83%e8%af%95&tjType=sentence&style=&t=serial+port+debugging
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Plotting the data in table 1 into a graph, as shown in Figure 8, we can visually see the change in packet 

loss over distance. 

 

Fig.8 Relation between packet loss rate and distance 

 

It can be seen in Fig.8 that the packet loss rate of the data increases with the distance between two 

nodes. When the distance between two nodes is within 30 meters and the packet loss rate is less than 

2%, the data transmission basically meets the requirements.  

5.2 Test of monitoring system 

After completing the system design, it was necessary to verify the entire effect of monitoring. To 

reach this, some necessary simulation tests for fire monitoring had been done in the lab. It needed to 

be noted that all sensors used in this experiment had been calibrated by the factory to ensure the 

property of sensors, so the measurement accuracy in the test part doesn’t need to be considered. In 

the lab simulation experiment, according to the actual situation, the temperature alarm threshold is 

set higher than 25 C , the relative humidity is set less than 25%, the light intensity is set higher than 

8000lx. Laboratory simulation part is divided into three stages, the specific steps are as follows: 

5.2.1 Stage one: fire detection and node activation 

According to the purpose of this study, the monitoring function before and after the fire is simulated. 

The nodes need to be deployed in the lab according to the network model, some of them are used to 

monitor the core area. As soon as the fire occurs, the whole network will be awakened. Considering 

the security, in this part, we chose the relative device that is electric warmer to simulate the changes 

of temperature, humidity and light intensity during the fire. 

 

 

Fig.9 Monitoring result for simulated fire detection 
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In this test, fire simulation was performed near nodes 5 and 6 (continues working node). The electric 

warmer is put near node 5 and 6, and the temperature, the humidity and the light intensity will 

relatively change. As soon as nodes 5 or 6 monitor the anomaly, other nodes will be awakened. It can 

be seen that the area near nodes 5,6 give alarm, other nodes work normally but no alarm. The upper 

computer monitoring interface is shown in Figure 9. 

5.2.2 Stage two: networking stage 

After testing the fire detection, it is necessary to verify whether all the nodes can join the network 

properly. A coordinator and 10 fire detecting nodes are used to test the network. In the test, other 

nodes are powered after the coordinator is powered, based on which, serial debugging assistant is 

used to observe whether it joined the network. We could find in the test that 1 - 10 nodes are added 

to the network and work properly. The network number is out of order, which shows that the wireless 

sensor network nodes are randomly added to the network and the network is self-organized. The test 

shows that the monitoring network have been successfully established, and it can monitor the 

environment. It also shows that the slave computer has been debugged successfully. 

5.2.3 Stage three: fire monitoring and evacuation guidance 

This System can sostenuto monitor the fire to cope with the disaster. Taking temperature monitoring 

as an example, we can conclude that the real-time monitoring capability of the study is tested by 

observing the change of its parameters and the change of fire intensity. The node 5 and 6 are simulated 

as a fire node, and the temperature alarm threshold is set at 25 ° C according to the laboratory 

simulation. The simulation respectively monitors the temperature of the node after the fire have 

occurred 1 second, 30 seconds, 60 seconds, and 90 seconds. The specific monitoring situation is 

shown in Figure 10, figure 11, figure 12, and figure13. 

 

 

Fig.10 Monitoring result for temperature of 1 second after the discovery of the disaster  

 

 

Fig.11 Monitoring result for temperature of 30 seconds after the discovery of the disaster  
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Fig.12 Monitoring result for temperature of 60 seconds after the discovery of the disaster  

 

 

Fig.13 Monitoring result for temperature of 90 seconds after the discovery of the disaster 

 

It can be seen from Figure 10 to Figure 13, the above four pictures respectively monitor the 

temperature changes at different time points of the fire (the temperature changed from 14 to 37 

degrees at room temperature). At the same time, the change of temperature and intensity in the 

monitored area can be seen on the intensity map. When the temperature exceeds 25 ℃, an alarm 

indication occurs. It can be seen that on the left of the fire channel there is little alarm information, 

which can be the best escape path. The scene people can evacuate according to this escape route, 

meanwhile, firefighters need to disperse this path and rescue them. 

 

 

Fig.14 Monitoring result for humidity of 90 seconds after the discovery of the disaster  
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Fig.15 Monitoring result for light intensity of 90 seconds after the discovery of the disaster  

 

 

Fig.16 Monitoring result for smoke of 90 seconds after the discovery of the disaster 

 

Similarly, in the laboratory, monitoring of fire humidity, light and smoke monitoring were simulated. 

The monitoring results of 90 seconds after the discovery of fire were shown in Figure 14, Figure 15 

and Figure 16. 

As seen from Figure 14, Figure 15 and Figure 16, 90 seconds after the discovery of the fire, the 

relative humidity changed from 50% to 11%, and the light intensity changed from 5000lx to 9000lx, 

the smoke concentration changed from 0 to about 900ppm, all of which would lead to the alarm. The 

above tests showed that this system could monitor humidity, light and smoke in real time when a fire 

occurred. This series of tests showed that this system had the ability to monitor the scene in real-time, 

and achieved the purpose of the research. 

6. Conclusions 

This study is helpful to improve the scientific and practicality of fire monitoring, provides technical 

support for better guidance of evacuation and auxiliary rescue and provides reference for the 

realization of fire intelligent monitoring system for logistics warehouse. The main work done in this 

paper is as follows: 

(1) The research status of fire monitoring, WSN and its representative technology called ZigBee, are 

investigated in this paper. The structure, principle, the operation of the various layers and functions 

of the law, as well as ZigBee networking and operation method of ZigBee technology are deeply 

analyzed. 

(2) This study has completed the hardware, software design and production of the intelligent 

monitoring system for the logistics warehouse based on the wireless sensor network. The structure, 
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principle and operation method of CC2530 are deeply studied. The hardware design and production 

of the monitoring for logistics warehouse have been realized because of the application of sensors, 

such as temperature, smoke, poisonous gas, CO and other sensors. 

(3) Besides, to verify the feasibility of monitoring the fire in logistics warehouse based on wireless 

sensor network, a variety of tests are carried out. Through the simulation of the fire monitoring 

experiment in the lab and the I / O port to read the measurement parameters, we use serial debugging 

assistant to debug the operation of the program. According to the study of node deployment 

optimization, the nodes are arranged, and the upper computer is used to read the data, and the whole 

debugging of the research is carried out.  

(4) The alarm and monitoring in real-time for the logistics warehouse are realized. Every parameter 

collected in fire accident is synthetically analyzed to choose the optimal evacuation route according 

to the parameter weight and the reciprocal weighted interpolation algorithm, which can provide the 

effective technique guidance for the rescue in logistics warehouse. 
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