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Abstract—In order to solve the mine energy consumption of wireless sensor network (WSN) nodes in the net-work system 
perception is perceived as possible under the condition of minimum problem． A coal mine based on machine learning perception 
algorithm for wireless sensor network nodes in three dimensional space is put forward. In the algorithm, first of all, the history of 
the node monitoring data information mining, for 2 d planar mapping and standardized processing, calculating the number of 
attributes．  Secondly each attribute dimension information entropy weight coefficient is calculated, and the node density 
distribution function is used to calculate the impact factor of each attribute. Then modified feature node distance calculation 
formula and spatial data set of spatial relations through the calculation of node areas, based on the node field and density threshold 
iteration of clustering analysis are used． Finally the SVM algorithm is used to shrink after secondary training sample set. 
Experiment results show that the algorithm nodes perception of high precision, node clustering the training speed, small amount of 
calculation and energy consumption of network optimal. 
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I. INTRODUCTION 

In the era of rapid development of information 
technology, the information network represented by internet 
has become an indispensable part of people's daily life. With 
the rapid development of semiconductor technology, micro 
system technology, communication technology and 
computer technology, the end of 1990s in the United States 
began the modern sense of the wireless sensor network 
technology[1]. Wireless sensor network involves many fields 
such as computer, semiconductor, network, communication, 
optics, biology, space, medicine, agriculture and so on. It 
provides a new and convenient means of data collection and 
information processing[2]. 

The transmission information in the wireless sensor 
network is collected by the sensor nodes. Usually collected 
information including methane, oxygen, temperature, 
humidity, carbon monoxide, dust and other parameters, using 
wireless sensor network information acquisition human 
factors has little effect on the small size of the sensor 
deployment and measurement, data acquisition coverage and 
data with high precision, wireless sensor node has data 
calculation and storage ability[3].Wireless sensor network 
because of its small size, node coverage deployment and the 
construction is more convenient, and the density of nodes, 
the nodes can transfer data information and aggregated to 
connect the nodes, each node has computing power, 
according to complicated and changeable external 
environment self adaptive adjustment and re deployment of 
sensor networks. When the mine roadway or some nodes are 
destroyed, the network topology can be reorganized by self 
organization mode, and the important monitoring 
information is transmitted. When the accident happened, the 
wireless sensor network can provide important data for the 

rescue work, these characteristics make mine wireless sensor 
network research has important significance and value[4]. 

This paper proposes based on machine learning of three-
dimensional space of mine wireless sensor network node 
sensing algorithm, the node attribute feature space distance 
calculation and the attribute weights allocation as index, 
using improved DBSCAN algorithm for clustering analysis. 
Then the SVM training set by the improved DBSCAN 
algorithm is used to reduce the sample. Experimental results 
show that the algorithm has good performance of node 
perception, short training time and energy saving effect of 
network nodes. 

 

II. NODE PERCEPTION COMPUTATION IN WIRELESS 

SENSOR NETWORKS 

A. Data preprocessing 

Mine 3D space wireless sensor network node perception, 
first of all the roadway topology in the depth of all the 
monitoring points, the node's attribute information to filter 
and extract, and stored in the corresponding vector. 

Set up Nodei, have the attributes of m, 
},,,{ 21 mxxxm 

. Vector space 
},,,{: 21 nxxxXX 

with n attributes is obtained by 
the property selection and extraction. 

The node attributes of the mine wireless sensor include 
three-dimensional space coordinates (x, y, z), measurement 
parameters (temperature, gas concentration, humidity, wind 
speed), sensing range and transmission distance. When 
calculating the node's perception, the attribute information of 
the node is taken as the original data information. 

The attribute vector space is extracted from the raw data 
information. The unit is not unified, so it is necessary to 
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carry out the standard mapping. Set the data after the 
mapping is x. 
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In type (1),  is a constant, and the data information of 
the standard map is changed. 

B. Basic definition 

Set data collection is DB. The distance function between 
the nodes is Dist, and the neighborhood parameters  and 
density threshold MinPts. 

Definition 1    field 
Set up node DBqp ),( , with p as the center, the 

spherical region with radius is    field of node p , note 

)( pN . 

 }),(|{)(   qpDistDBqpN  (3) 

Definition 2 Characteristic field Xxi  , 

Xxx jj  , . The feature neighborhood of the node xi is a 

collection of all the neighbors of node xi, denoted as SN (xi). 

 )}()(|{)( ijji xxxxxxSN c   (4) 

In the formula, node xi refers to the neighbor node, the 
node xi in the condition of c, a collection of existing adjacent 

relation c nodes of the jx . 

Definition 3 Distance between feature nodes 
Set up (Xi, XJ) is a node of the node set X, its properties 

are )}(,),(),({)( 21 igiii xfxfxfxf   and 

)}(,),(),({)( 21 jgjjj xfxfxfxf  . And )( ikxf and 

)( jkxf are the ix  and jx  K attributes,  g is the highest 

dimension , gk ,,2,1  . Then the distance of the node 

),( ji xx  is: 
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Definition 4 Direct density can be reached 
In the DB node set, if node P is the   field nodes of  

node q  and it contained at least minpts nodes, then from p  
to q directly density reachable. 

Definition 5 Density connection 
If there is a node o )( DBo , and from node o directly 

density reachable node (p, q), node p is density connected 
node q. 

Definition 6 Noise spot 
Data set DB is not an arbitrary class of points known as 

noise points. 

C. Calculation of attribute density distribution function 
and characteristic attribute 

The influence function of p for q is ),( qpDensityB . 
The function is by an arbitrary function depends on the node 
(p, q) from the city, the distance function d (p, q) should 
have reflexivity and symmetry. Typical influence function is 
Gauss function: 
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The density function of node p is the sum of the influence 
function of all data points, set k data object 

},,,{ 21 kxxxD  , the density function of node p is: 





k

i

i
B

D
B pDensitypDensity

1

)()(  (7) 

If the function is used as a function, the density 
distribution function of the node P is: 
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In the formula (8), d (p, q) is a two - dimensional plane 
distance between nodes P and q. The smaller the distance, 
the more compact the node's neighborhood, the greater the 
node density. And the characteristic attributes of the nodes 
can reflect the weight coefficient of the nodes and their areas. 
The weight coefficients in the field can be determined by the 
characteristic properties of the node xi and the xj of its 
neighbors. For node xi , the neighbor weight coefficient 
vector space range is [0, 1], and 1 of its vector. 3D space 
node xj is the space node xi of the space R, then the weight 
W of space node xj is : 
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In the formula (9), q is the maximum number of feature 
attributes that affect the weight coefficient of the space 
neighbor. Spl is the value of the attribute Sp of the node xi of 

L. p  is the influence factor of SP, and 
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1 . For 

each node xi, the value of i  is calculated by the 

information of its nodes. 
 x is a multi - dimensional random variable, 

},,,{ 11 nxxxx  , s(x) is the assignment function of xi , 

p(x) is the probability of occurrence of xi, the information 
E(x) can be expressed as: 
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From the information entropy calculation, it can be seen 
that the probability of the occurrence of information is an 
important factor to determine the accuracy and reliability of 
the calculation. Therefore, the attribute value of the node is 
used as the information of the node when calculating the 
effect of the node's characteristic attribute to the neighbor 
node, using information entropy and node density 
distribution function to measure the spatial attributes of 
nodes. 

Set up a space node set x= {x1, x2,... , xn}, function s(x) 
is a spatial attribute function of node xi. The attribute 
dimension of space is q, the function f(x) is xi density 
distribution function, l(x) is a non spatial attribute function, 
and non spatial attribute dimension is g. The spatial attribute 
matrix of the space node set X can be expressed as: 
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In the formula, rij is the space attribute value of i for the 
space node xj . 

Standard pretreatment:
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information entropy: 
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Set up ]1,0[iH , in the space property of the q 

dimension, entropy weight wi is defined as: 
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In the formula (14), ]1,0[iw ; 



q
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},,,{ 21 iwwww  , it is the influence factor 

},,,{ 21 i   of spatial attribute of the space node 

x. 
Using information entropy and spatial node density 

distribution function to calculate the attribute of the node, 
and combined with the solution of the spatial weight 
coefficient. A formula for calculating the distance between 
the nodes xi and the space neighbor node xj is modified. 
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D. The calculation of the characteristic distance of mine 
3D space node 

The 3D space distance of the mine wireless sensor 
network node is calculated based on the roadway topological 
structure and the height of the tunnel, which is based on the 
space distance of the tunnel connected path. In the 
calculation, the three-dimensional space is mapped to the 
two-dimensional plane by the rules, and the plane 
coordinates of the unknown nodes are estimated by using the 
three edge measurement method. 

The 3D space coordinates of the unknown node S are (x, 
y, z), and the 3D space coordinates of the 3 beacon pairs are 
respectively  ),,(),,,( 11111111 zyxAzyxA , 

 ),,(),,,( 22222222 zyxAzyxA , 

 ),,(),,,( 33333333 zyxAzyxA . By means of coordinate 

projection, the beacon nodes can be projected to the same 
level with the unknown node S, then the coordinates of the 

beacon nodes are ),,( 1111 zyxA , ),,( 2222 zyxA , 

),,( 3333 zyxA , h is the height of the unknown node to the 

roadway floor, ),( 21 dd , respectively, the distance of the 

unknown node ),,( 321 AAA , ),,( 321 rrr represents the 

distance between the beacon nodes ),,( 321 AAA when the 

beacon nodes are mapped to the same plane,  angle is the 

angle between the projection plane and 1SA . The beacon 

node ),,( 1111 zyxA  is projected onto the plane of the same 

height as the unknown node, note as ),,( 1111 zyxA . 
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The formula (17), z  is the coordinates of beacon nodes 
and the Z axis, the actual height of roadway, and accqured 

),( 32 rr
. According to the relevant information, the (x,y) 

coordinates of the unknown nodes can be got, and the Z axis 

of the unknown nodes can be known as hzz  1 . By this 
method, the feature space distance of all nodes in the mine is 
calculated by using the spatial node density distribution 
function and the information entropy calculation. 
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III. NODE PERCEPTION ALGORITHM BASED ON MACHINE 

LEARNING FOR 3D WIRELESS SENSOR NETWORKS IN MINE 

A. Coverage of mine 3D space wireless sensor network 

Due to the complex environment of mine, common 
network node coverage strategy does not apply, and for the 
mine 3D space wireless sensor network node is measured in 
order to ensure the accuracy of measurement parameters and 
the location of the scientific prediction. Therefore, the 
deployment of wireless sensor network nodes based on the 
historical data of mine monitoring, the monitoring area in the 
mine is divided into different coverage areas according to the 
information quantity variation, and to improve the 
performance of wireless sensor networks by assigning 
different sleep time.  

The coordinates of the nodes located in the monitoring 

position are ),,( ddd zyx , the coordinates of the i sensing 

nodes are ),,( sisisi zyx , the coordinates of the I 

communication nodes are ),,( cicici zyx . M-Width is the 

Xiang Daokuan of the node location, M-Length is the 
position of the position of the lane length, M-Hight is the 
height of the roadway, Rs is the sensor's sensing radius, Rc is 
the sensor's communication radius, and I is the expectation 
of the roadway. The constraint conditions for the deployment 
of the sensing nodes are: 
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The distance between nodes and the adjacent nodes 
should be less than the distance between sensor nodes. The 
sensing coverage of the tunnel is greater than the expected 
coverage. The distance between the adjacent nodes should be 
less than the sensing radius. 

B. Improved DBSCAN clustering algorithm 

Improved DBSCAN clustering algorithm description: 
Input: },,,{ 21 mxxxx  is spatial data set, where ix  

is expressed in three-dimensional space coordinates 
),,( zyx , measuring parameters (temperature, gas 

concentration, humidity, wind speed), sensing range and 
transmission distance, etc.. 

Output: },,,{ 21 ntttT  , ti is the first i mine wireless 

sensor network sensing node set. 
Step 1: x of the 3D spatial data information of the input is 

performed by the two-dimensional plane mapping and the 
normalized preprocessing, and the number of nodes is 
calculated by q. 

Step 2: q dimensional spatial attributes of the i-th 
dimensional space attribute information entropy weights wi 
calculation, and the node density distribution function has 

been calculated for different attributes of Sp effects of sigma 
factor  . 

Step 3: The modified characteristics from node to 
calculate formula and the input space data set x of spatial 
relations and epsilon value computation each node   field. 

Step 4：The xi object field epsilon decision nodes more 
than the density threshold of MinPts, if the new clustering 
innovation contains the node. 

Step 5: Based on the new class of innovation, the x loop 
of data collection is determined, and the clustering can be 
reached. 

Step 6: Repeat Step5 until all kinds of new nodes are 
added. 

Step 7: Output T. 
SVM classification algorithm for sample set reduction 
For mine 3D space wireless sensor network node 

perception, the mine monitoring data in data warehouse is 
used as the input space information collection, and then 
according to the attribute of the data information, the 
important influence factors are determined. If the current 
mine node contains three-dimensional space coordinates 

),,( zyx , measurement parameters (temperature, gas 
concentration, humidity, wind speed), sensing range and 
transmission distance, and other attributes, the weight is Wij. 
According to the weight of the information entropy and the 
density distribution function, the improved DB-SCAN 
algorithm can be used to generate the clustering of sensor 
nodes. But due to the attribute node in the pretreatment and 
the important factors of calculation, loss a lot of information 
and node sensing based on three-dimensional space in two-
dimensional projection is at the expense of the roadway 
height of price and in calculating connected path, take the 
Euclidean distance for direct calculation and urban distance, 
compared with some differences between the information. 
Based on this, a machine learning algorithm is needed to 
improve the clustering of the DB-SCAN algorithm for the 
two time. Since SVM can greatly reduce the training time 
and improve the training speed without affecting the 
classification accuracy, it can be used as a method of 
machine learning which can be trained. So this paper adopts 
the SVM algorithm to train the improved DBSCAN 
algorithm. 

SVM classification algorithm for sample set reduction: 
Step 1: Based on the improved DBSCAN step1~ 4 

algorithm  , the nodes are clustered, and the results are as the 
input space data sets. In the original sample, there is a C 

kernel object node },,,{ 21 cppp  , so the new training 

sample set can be set to:  

},,,{),()),(( 211 cc ppprpBrpBX   

Step 2: Select the appropriate kernel function f (x) and the 
penalty factor C, to train new spatial data sets, to obtain the 
support vector and the optimal hyper plane. 

Step 3: If the training support vector in the Step2 
contains the kernel object node pi with the reduced data set, 
the input space data set is based on the SVM 

training: }|{),( UxxrpB ii  . 
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Step 4: Select the appropriate kernel function and penalty 
factor C, and train new spatial data sets to obtain the 
modified optimal hyper plane. 

 

IV. EXPERIMENT AND SIMULATION 

In order to verify the superiority of the algorithm in 
clustering and energy consumption, this paper has carried on 
the experiment simulation. Simulation environment is  
OMNeT + +, due to the length of mine in a few hundred 
meters to several thousand meters interval, roadway width 
and height in different regions vary, so in simulation 
experiment, simulation area (200 m, 10 m, 5 m), which the 
total number of unknown nodes for 50, beacons in 
accordance with the rules of the deployment. Node 
communication radius is 50m, node connectivity is 10, 
simulation of MAC protocol is 802.15.4. The wireless 
information was translated by using the shield model. The 

path loss exponent was  , reference distance 10 d , 

Gaussian random variable with standard error 4. Gas 
monitoring data for the known part of the sensor is shown in 
Table 1: 

TABLE I.   
GAS DATA INFORMATION OF SENSOR HISTORY MONITORING 

Dateti
me 

Min00 Avg00 Max00 Min02 Avg02 Max02 

1:00 0.45 0.47 0.48 0.46 0.47 0.49 

2:00 0.74 0.78 0.83 0.79 0.78 0.82 

3:00 0.39 0.42 0.46 0.38 0.36 0.43 

4:00 0.38 0.43 0.45 0.34 0.36 0.44 

5:00 0.29 0.36 0.43 0.45 0.53 0.63 

6:00 0.43 0.46 0.51 0.43 0.44 0.47 

7:00 0.51 0.54 0.56 0.53 0.57 0.60 

8:00 0. 42 0. 41 0. 45 0. 41 0. 43 0. 45 

9:00 0. 32 0. 38 0. 44 0. 45 0. 48 0. 51 

10:00 0. 43 0. 45 0. 48 0. 44 0. 45 0. 47 

11:00 0. 41 0. 43 0. 46 0. 39 0. 42 0. 47 

12:00 0. 36 0. 38 0. 40 0. 37 0. 39 0. 40 

13:00 0. 35 0. 37 0. 38 0. 35 0. 37 0. 40 

Using maximum likelihood estimation algorithm and 
3DL-RD algorithm and the algorithm of clustering execution 
time is compared and analyzed, the implementation time 
overhead of the specific algorithm of different beacon node 
density is shown in Figure 1. 

As can be seen from the experiment, the maximum 
likelihood estimation algorithm needs more beacon nodes, 
the energy consumption of the communication will be higher 
than the literature and the algorithm, and this paper uses 
machine learning algorithm to carry out the two clustering, 
the effect is better, the training time is shorter. 

 
Figure 1.  Comparison of the execution cost of the algorithm with different 

density of beacon nodes 

V. CONCLUSION 

Based on the research of the structure of the mine tunnel 
structure, the data mining of the historical data information is 
carried out. After the mapping of the standard processing and 
the 3D space to the two-dimensional space, the node density 
distribution function and the attribute weight calculation 
method of the nodes are introduced. Through the node 
density of information entropy calculation and node attribute 
value weighted information entropy weight calculation, puts 
forward a three-dimensional space of mine wireless sensor 
network nodes sensing improved DBSCAN and SVM based 
on combination of machine learning algorithm, the algorithm 
to measurement node properties as feature vectors, with 
improved DB-SCAN and support vector machine (SVM) 
method clustering can reflect the change of the quantity of 
monitoring information better. At the same time, the 
algorithm based on historical information to data mining, the 
mine monitoring area in accordance with the degree of 
monitoring information changes in the region, the coverage 
of the sensor node deployment, and the distribution of 
different sleep time, in ensuring the reliability of the sensor 
nodes measure information, saving energy. 
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