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Abstract: 

In order to effectively remote monitor the forest fire, a forest fire remote monitoring system based on big 

data is constructed. Firstly, basic theory of forest fire remote monitoring system is designed, the hardware 

is confirmed, and the software is analyzed. The forest fire monitoring data is collected through proposed 

remote monitoring system, and the data dimensionality reduction processing procedure is established, and 

the improved data mining technology is designed. Case analysis show that the improved data mining 

technology can effectively and efficiently monitor the fire status of forest. 
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I. INTRODUCTION 

 

Fire monitoring has begun to shift from analog video monitoring to digital video monitoring. The 

embedded remote digital video monitoring system has the characteristics of wide control area, almost 

unlimited seamless expansion ability, easy to form a very complex monitoring network, stable and reliable 

performance, and will become the development trend in the future. At present, forest fire remote 

monitoring is mainly to compress the video image collected by the camera and directly transmit it to the 

forest fire monitoring center by wired or wireless. Due to the relatively low probability of forest fire, the 

transmitted video images are pictures under safe conditions most of the time. Due to the sudden nature of 

forest fire, the staff of the monitoring center must monitor the video images transmitted from various 

monitoring points in the forest around the clock, otherwise, the discovery of the fire may be delayed and 

heavy losses may be caused [1]. 

 

Forest fire has the characteristics of large damage area, serious loss and difficult to control, which 

seriously threatens the existing forest resources. Therefore, the study of forest fire prevention 

countermeasures is the requirement of the new situation, which can effectively protect the forest. At 

present, the protective measures of forest fire mainly adopt the methods of manual inspection, video 

monitoring and satellite remote sensing. The cost of manual inspection is high, the observation range is 

small, and it is easy to be affected by weather conditions; The cost of video monitoring is high, the data is 

redundant, and the blind area of monitoring is easy to appear; Satellite remote sensing is costly and 

vulnerable to weather conditions. Compared with the above three forest fire protection measures, the 
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system can timely obtain various environmental data in the forest, analyze the areas where fire may occur, 

timely alarm after finding the fire, prevent the accident, find the forest fire earlier, timely alarm and 

remedy in time, so as to better protect the forest resources [2]. 

 

In the development of the information age, information technology is widely used in various fields. 

Combined with the development needs of various fields, it promotes the development of information in 

various fields. In forest fire prevention, through the introduction of advanced technology and equipment, 

strengthen the prevention and control of forest fire prevention, and adopt the remote video monitoring 

system, which can monitor the overall situation of the forest in real time and record the detected relevant 

information and data in detail. Professionals can grasp the development status of forest resources by 

analyzing the relevant data. The system contains various business modules, which can record the whole 

process of "before, during and after the disaster" of forest fire, so as to achieve the goal of dynamic 

management of forest resources. Once there is a forest fire, the system will give an alarm at the first time 

to provide accurate fire location for firefighters and effectively reduce the damage to forest resources[3]. 

 

Design and implement a set of forest fire remote monitoring system, which has strong universality and 

certain intelligence. It can facilitate the transplantation between different forests, better help the 

administrator to carry out forest fire prevention management, and carry out forest fire data analysis and 

data mining research based on this platform. Forest fires occur from time to time. At present, most forest 

fire remote monitoring systems are customized and developed only for a certain forest, so they can not be 

easily transplanted to other forests, that is, the universality is not good, which will waste the system 

development time and cost. A set of forest fire remote monitoring general system is designed and 

developed, so that the system can be easily transplanted between different forests, and even the monitoring 

system can be transplanted between different forests only through the configuration of some parameters. In 

addition, the forest fire remote monitoring system has good intelligence. The intelligent control of the 

monitoring system is reflected in energy consumption control, forest fire condition judgment and so on. 

Based on the historical data of forest fire provided by the monitoring system, carry out data mining 

research to provide a strong basis for the improvement of forest fire remote monitoring system [4].   

  

II. FOREST FIRE REMOTE MONITORING SYSTEM 

 

(1) Basic theory of forest fire remote monitoring system 

 

The application of remote video monitoring system in the field of forest fire prevention refers to a 

comprehensive intelligent forest fire prevention information system integrating video monitoring, 

intelligent early warning, intelligent scheduling and anti-theft alarm functions. Its main components 

include front-end forest fire prevention monitoring and early warning subsystem, wireless transmission 

subsystem, emergency command subsystem, tower infrastructure subsystem, etc. Among them, the front-

end forest fire prevention monitoring and early warning subsystem uses the spectral HD PTZ camera to 

monitor the real-time fire in the forest area. In case of fire, it can immediately identify and locate through 
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the front-end camera, and transmit the captured images and meteorological information to the command 

center. The wireless transmission subsystem transmits the relevant information collected by the front-end 

camera to the command center in real time to ensure that the fire information can be transmitted in the 

shortest time. The emergency command subsystem can coordinate fire fighting and disaster relief with 

various departments by implementing various emergency plans in case of fire in the forest area. As a 

centralized area of information, it can provide information and decision support for various disaster relief 

activities to ensure that the fire is effectively controlled. The tower infrastructure subsystem is the 

commanding point within the forest or forest farm, which is used to carry the forest fire monitoring 

equipment and transmission equipment in the remote video monitoring system. These subsystems together 

constitute the remote video monitoring system. The smooth operation of each subsystem is the normal 

working state of the system [5]. 

 

(2) Design of forest fire remote monitoring system  

 

The function of the system is realized by ZigBee unit, monitoring controller and coordinator. ZigBee 

unit transmits relevant monitoring data to the coordinator through wireless local area network; The 

coordinator transmits the data of the wireless local area network to the monitoring controller through the 

serial port; The cloud receives the information sent by the monitoring controller through the 4G network. 

The overall architecture of the system is shown in Figure 1. The system includes hardware and software 

[6]. 

 
Fig 1: Whole framework of forest fire remote monitoring system 

 

The structure diagram of ZigBee unit is shown in Figure 2. ZigBee unit is equipped with temperature 

and humidity, smoke, carbon monoxide and flame sensors to collect relevant information about the 

surrounding environment and transmit it to the monitoring controller through wireless local area network. 
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The information transmitted by ZigBee unit includes the temperature and humidity of the surrounding 

environment, smoke, carbon monoxide, flame information and the unit number [7]. 

 

 
Fig 2: Hardware structure of forest fire remote monitoring system 

 

ZigBee is a standard, which defines a series of communication protocols required for short-range and 

low transmission rate wireless communication. Long distance, low speed, low cost and low power 

consumption are its characteristics. It can realize the way of transmitting ZigBee unit to ZigBee unit, 

which can increase the communication range of ZigBee wireless local area network. In addition, the 

ZigBee wireless local area network has good flexibility. If the ZigBee unit is disconnected from the 

network, the ZigBee unit can be connected to the network again, without being unable to connect once 

disconnected. In the forest environment, the equipment is difficult to maintain, so it needs to work for a 

long time, the power consumption should be as low as possible, and the system should cover the forest as 

much as possible. Compared with the traditional Bluetooth communication and mesh communication, the 

number of ZigBee units can reach tens of thousands, and the communication power consumption of 

ZigBee is low, which is more suitable for the construction of forest fire prevention system [8]. 

 

(1) Processing chip 

 

The system adopts CC2530 integrated chip to realize the function of reading and transmitting 

environmental information. The chip has the functions of interrupt, sleep and wake-up, which can 

effectively reduce the power consumption. Moreover, the price of the chip is low, and the ZigBee network 

can be established at a very low cost. In addition, the chip integrates the enhanced industrial standard 

8051MCU, and has many powerful peripheral functions such as system programmable flash, 8KB ram, 

UART, SPI, DMA and so on; This makes it the best choice for establishing wireless local area network [9]. 
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(2)Temperature and humidity detection module 

 

SHT20 module is characterized by wide range of temperature and humidity measurement, high 

precision, and IIC communication, strong anti-interference ability, and can work when submerged in water. 

In addition, the price of a product is only about 20 yuan, the cost is low, and its occupied space is small, 

which is convenient to carry on the processing chip, so the product meets the needs of working in the 

forest environment [10]. 

 

(3) Smoke detection module 

 

MQ-2 is a special tool for detecting smoke gas, and other gases are difficult to interfere with it. Its 

detectable concentration range is 100 ~ 10000ppm. Once it detects a high concentration of smoke, the 

digital output port outputs a low level, otherwise it outputs a high level. 

 

(4) carbon monoxide detection module 

 

The internal material of MQ-7 is tin dioxide. It is a special tool for detecting carbon monoxide gas, 

which can detect a variety of mixed carbon monoxide gases. Once it detects a high concentration of carbon 

monoxide gas, the digital output port outputs a low level, otherwise it outputs a high level [11]. 

 

(5) flame detection module 

 

Using infrared detection to judge whether there is a fire is the principle of flame sensor, and its 

detection angle can reach 60 °. Once it detects the flame, the module digital output port outputs low level, 

otherwise it outputs high level. 

 

(6) power module 

 

The system samples three 18650 lithium-ion batteries as the power supply. The battery has low leakage 

rate and large capacity, which is especially suitable for the forest environment without power supply. In 

addition, the input voltage is stabilized at 5V through LM2596 voltage stabilizing module to ensure that 

the system is in a stable power supply state [12]. 

 

The main control chip of the monitoring controller is STM32F103ZET6. The coordinator 

communicates with the monitoring controller through the serial port, and the monitoring controller uploads 

the environmental data to the cloud through the 4G module. 
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(1) STM32F103ZET6 

 

STM32 chip is designed for embedded applications with low power consumption, high performance 

and low cost, and the clock frequency is as high as 72MHZ; It has a variety of external devices including 

USB, IIC, SPI and so on, with powerful functions and fast chip operation speed. Moreover, it has strong 

interrupt function and interrupt priority division. The chip can work with a variety of sensors, 

communication modules and cameras, and has strong storage and driving ability [13]. 

 

(2) 4GDTU communication module ATK-M751 

 

The module uses 4G network for communication and supports mobile/Unicom/Telecom access mode; 

Applicable to a variety of communication protocols; Support to connect multiple cloud servers; Support 

automatic timing collection of task, base station location, custom heartbeat packet and registration packet 

data; Support the configuration parameters of upper computer/at command/SMS/transparent command. It 

takes high speed, low delay and wireless data transmission as its core functions. It is suitable for 

transmission and has better use function, communication speed, bandwidth and stability. At command is 

the standard and rule for communication between STM32 main controller and 4G wireless module. 

STM32 main controller uses at command to control 4G wireless module to transmit data. 4gdtu module 

communicates with STM32F103 single chip microcomputer through TTL serial port, and sends the sensor 

information collected by ATM32F103 single chip microcomputer to the remote cloud server. Data upload 

requirements in forest environment. Compared with traditional GSM data transmission and 3G module. 

 

The wireless communication technology in the sensor network is adopted to sense the real-time 

monitoring, sensing and collecting information of various forest fire environments in the above hardware, 

process the information by using the distributed information processing calculation in the sensor network, 

and transmit all the perceived information to the user terminal in a medium hop manner [14]. 

 

The distributed information processing procedure is listed as follows: 

Step 1: system initialization is carried out. 

Step 2: Judge whether there are nodes connected to the network, if it is yes return to step 3, otherwise 

return to step 1. 

Step 3: the monitoring information is allocated. 

Step 4: distributed processing is carried out. 

Step 5: judge whether all data processing is finished, if it is yes, return to step 6, otherwise return to 

step 3. 

Step 6: data perception is carried out. 

Step 7: perceptual information transmission is carried out. 

Step 8: technology is over. 
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Due to the inevitable random interference in the transmission channel, there is an error in the data from 

the A / D transmission process, which becomes a random error. In order to overcome this error, digital 

filtering method is used to suppress the interference component in the effective signal and eliminate the 

random error in the signal. The digital filtering method is to remove the impulse interference in the 

sampling value through a certain calculation program, and then average the remaining sampling values, so 

as to eliminate or weaken the influence of interference noise. The technology is expressed as follows: 

X

RA
C


                                                                   (1) 

where: A  is the maximum value among the sampling values, and R  is the minimum value among the 

sampling values; X  is pulse interference signal; C  is all sampling values. 

 

After the data processing is completed, the system receives various data sent by the sensor and 

monitors the operation of the ship cabin and equipment in real time. Respond to abnormal conditions in 

time and report the actual state of forest fire to the monitoring center to obtain corresponding instructions. 

 

III. DATA MINING TECHNOLOGY 

 

(1) Basic theory of data mining 

 

The relationship between the data analyzed by data mining has confidence, and its confidence needs to 

be calculated to judge whether the relationship exists or not. Once it is within the scope of our reliability, 

the result can make a more accurate judgment for the relationship between things. It consists of the 

following steps: 

Step 1: Data preparation: first, we need to understand the relevant background of data mining, analyze 

the needs of customers after getting familiar with it, and decide what kind of mining system to adopt. On 

the basis of user requirements, find out the data associated with data mining from the database, and make it 

clear that we will carry out data mining from these data. 

Step 2: Data preprocessing: because the original data generally has some small problems, such as 

incomplete data, abnormal data, etc., we should actively remove the abnormal data, and we should use 

mathematical methods to make up for some missing data for incomplete data. In fact, transaction attributes 

are generally expressed as numerical values to facilitate data mining. 

Step 3: Determine the goal of data mining: take user requirements as the goal, and specify the type of 

knowledge mining, 

Step 4: Determine the data mining technology: After the data mining technology is determined, the 

reasonable data mining technology is determined. Specifically, for example, the transaction is expressed as 

data, and the mining model is selected according to the characteristics of the data. 

Step 5: Data mining: analyze the relationship between data according to the adopted data mining 

technology. 

Step 6: Pattern evaluation: correctly analyze the found data relevance. In the process of pattern 

evaluation, in order to make the final knowledge law more convincing, it is necessary to delete some 
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redundant and worthless knowledge. Therefore, it may involve the above steps, which need to be extracted 

repeatedly. 

 

(2) Data dimensionality reduction processing 

 

The loss of data information will occur when the dimension of data is reduced. The degree of data loss 

is controlled by PCA technology. Define the data matrix as ),,,( 21 nkkkk  , where 'Qk j  , the average 

value of k  is calculated by [15] 





n

j

jk
n

k
1

1
                                                                  (2) 

PCA technology mainly extracts the main characteristic components after k -means removal. Its main 

principle is to analyze the distribution pattern of data samples in high-dimensional space, and take the 

maximum variance of data samples in space as the discriminant vector to reduce the dimension of data. 

The objective function is as follows: 

RMMtskMp TT  ..,                                                          (3) 

where M  is the data conversion matrix, 'rrQM  , data matrix k  is converted by the data conversion 

matrix 'rrQM  , and a new 'r  dimension space p  is obtained, R  denotes the unit matrix.  

 

The optimal features are obtained through linear transformation, and the training data are reconstructed 

according to the features. The mean square error of the data before and after reconstruction is constrained 

to minimize the error. Make assumptions about linearly independent vectors that are defined by 

m ,,, 21  , the vector is n -dimensional linear independent vector, and the matrix based on it is 

expressed as ),,,( 21 m  , The n -dimensional random variable is expressed as  , random variables 

can be expressed through the above matrix m  . 

 

The correlation matrix of   is set to L  that is expressed by [16] 

 




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






2

1

)(                                                 (4) 

Generally, the known data information can be described by  , from the above, L  is known, when 

RT  , then R  is a single matrix, defined as 

jjjL                                                                     (5) 
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When KL  performs dimension reduction transformation, the feature vector in front of m  shall be 

selected, and the number of selected vectors is expressed as 'n , and other feature vectors of the remaining 

part shall be removed after selection, which is expressed by  





n

nj

i

n

j

j mm
1'

'

1

                                                        (6) 

For the useful information retained after the residual vector is eliminated, the calculation formula of the 

mean square error before and after the feature vector is as follows: 





n

nj

jv
1'

22 ˆ                                                         (7) 

The covariance matrix is calculated by  

T

j

n

j

jE )()(
1

 


                                                       (8) 

(3) Data mining method of association rules 

 

Association rule mining can be divided into two steps: Step 1: given transaction database D  and item 

set },,,{ m21 iiiI  , find the set of all frequent item sets in D . Step 2: obtain the association rule 21 TTT   

from each frequent item set T  in the set, and its confidence must be greater than or equal to min_conf. 

 

Apriori technology is used in this research, which is a fast mining technology proposed by R. Agrawal 

et al. Apriori technology is the most important technology for mining frequent itemsets in association rules. 

Its technology idea is an iterative method of layer by layer search, which uses the known 1k -dimensional 

frequent itemsets to generate k -dimensional frequent itemsets. 

 

The specific methods are as follows: first, find out the frequent 1-itemset and record it as 1L ; Then use 

1L  to mine 2L , that is, frequent 2-itemsets; Recurse repeatedly until frequent k -item sets cannot be 

generated. Of course, each mining system needs to scan the transaction database again. According to the 

nature of apriori, the process of seeking kL  ( 2k ) from 1kL  is mainly divided into the following two steps: 

Step 1: connect. Connect 1kL  with itself to generate candidate k -item set kL . 

Step 2: prune. First, if the 1k  item subset of kL  is not in 1kL , the candidate item set is infrequent and 

is deleted from kL . Then kL  is generated in combination with the minimum support.  

 

Although Apriori technology is the most commonly used and classic technology, it still has some 

shortcomings, such as repeatedly scanning the database. At the same time, the technology consumes a lot 

of time to read on I/O, which makes the efficiency of the technology very low. Therefore, we need to 

improve the Apriori technology to improve the mining efficiency of the technology. 
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After analyzing the previous forest fire database, it is found that the forest environmental parameters 

can reflect the situation of forest fire to some extent. In order to monitor the forest fire information 

remotely and in real time, the whole forest fire remote monitoring system collects the forest environmental 

parameters every 30s, so the amount of data is very large. The traditional Apriori technology has to scan 

such a large database repeatedly, so we can use an improved Apriori technology to scan the transaction 

database only once, and simplify the process of generating frequent item sets, so as to improve the 

efficiency of the supervisor's analysis of the system data. 

 

In this technology, each transaction is represented by an attribute value, and different transactions are 

different attribute values. When scanning the database, we first assign a value to each item, determine the 

support of the transaction by comparing whether the values of each item in the transaction set are 

consistent, and then calculate the number of transactions with consistent values of each item, that is, its 

support, So we can get the frequent item sets we need. When calculating its confidence, we add another 

forest environment item to each transaction. According to the situation of forest fire, this forest 

environment item is divided into three categories: severe fire, moderate fire and mild fire. When 

calculating the frequent itemset, we calculate the transaction volume containing these three types of forest 

fire at the same time, then through the definition, the confidence between the environment and each fire 

situation can be obtained, and the association rules between forest environment and forest fire situation can 

be deduced. In this way, we only need to scan the transaction database once to find the frequent item set 

we want, which is concise and very suitable for our forest fire remote monitoring system. 

 

The technology procedure is listed as follows: 

Step 1: Read the first record in the database, obtain the 2-item set composed of the record and forest 

fire items, and mark that their support count is 1 at this time; 

Step 2: Read the second record of the database, and also obtain the 2-item set composed of the record 

and forest fire condition items. If it does not appear in the previous records and combinations, mark the 

support count of the record and combination as L. if it already appears, add 1 to their support count; 

Step 3: The processing method is the same as that in step 2, process all records of the database in turn, 

and complete the statistics of the number of records and the corresponding support count of the 

combination; 

Step 4: According to the set minimum support, complete their pruning, and calculate the corresponding 

confidence. Then, according to the minimum confidence, the reasonable and correct strong association 

rules are selected. 

 

IV. CASE STUDY 

 

In order to verify the effectiveness of proposed forest fire remote monitoring system, the forest in a 

county is selected to be research object, the area of forestry land is 2843km
2
, and the forest coverage is 

72.4%. This county is divided into three levels of fire risk areas. The first-class fire risk area is the key 

forest area around the county or the area with frequent fire risk, including 4 towns; Level II fire risk area 

refers to the area with dense personnel activities or frequent fire risk, including 7 towns; Class III fire risk 
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area refers to the area with occasional or no fire risk, including 8 towns. The data mining technology is 

used to cope with data collected from forest fire remote monitoring system. The hardware parameters are 

listed as follows: the dominant frequency is 2.10GHz, the memory is 2GB, the operating system is 

Windows 10, the database uses SQL-2010. 

 

The relationship between running time of technology and records is shown in figure 3. It can be seen 

from the figure 3 that the time consumed by the improved data mining technology is far less than that of 

the traditional data mining technology, and with the increase of the number of records, the advantages of 

the improved data mining technology become more and more obvious. This is because the improved data 

mining technology only needs to scan the database once when pruning, which greatly saves the scanning 

time and improves the operation efficiency of the technology. 

 
Fig 3: Relationship diagram between running time and number of records 

 

The environmental data successfully received by the environmental monitoring terminal are listed in 

Table I and Table II respectively. The data of ZigBee unit number, temperature, humidity, carbon 

monoxide, flame, smoke and overall condition is shown in the display screen. Where “1” denotes the 

normal, “0” denotes the abnormal. 
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TABLE I. Normal test results of monitoring controller 

 

Number Temperature/K Relative 

humidity/% 

CO Fire Smoke Overall 

1 300 42 1 1 1 1 

2 300 43 1 1 1 1 

3 310 41 1 1 1 1 

4 300 40 1 1 1 1 

5 300 39 1 1 1 1 

6 300 42 1 1 1 1 

 

TABLE II. Abnormal test results of monitoring controller 

 

Number Temperature/K Relative 

humidity/% 

CO Fire Smoke Overall 

1 300 42 1 0 1 0 

2 300 43 0 0 1 0 

3 300 41 1 0 1 0 

4 300 40 0 1 0 0 

5 300 39 1 1 0 0 

6 300 42 0 0 1 0 

 

As seen from table 1, the data collected is normal, and the forest fire remote monitoring system is 

normal. As seen from table 2, the fire data of Zigbee unit 1 is abnormal, the CO and fire data of Zigbee 

unit 2 is abnormal, the fire data of Zigbee unit 3 is abnormal, the CO and smoke data of Zigbee unit 4 is 

abnormal, the smoke data of Zigbee unit 5 is abnormal, and CO and fire data of Zigbee unit 6 is abnormal. 

 

V. CONCLUSION 

 

The application of forest remote monitoring system based on data mining technology can well grasp 

the dynamics of forest security, which is conducive to the realization of all-weather fire detection. In fact, 

remote monitoring system is an advanced high-tech monitoring technology. Compared with the traditional 
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forest fire monitoring system, it has great application advantages, can realize uninterrupted automatic 

patrol monitoring and improve the efficiency of forest fire prevention patrol. Time consumed by the 

improved data mining technology is far less than that of the traditional data mining technology, and the 

abnormal of forest environment parameters can be obtained correctly. Analysis results show that the data 

mining technology can effectively correctly and efficiently monitor the security of forest. In future, an 

novel data mining technology with better precision and efficiency should be developed. 
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