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Abstract — In order to provide real-time information of environmental health indices and improve their effective prediction, an 
intelligent perception system is designed in this paper. The indices include humidity, temperature, illumination intensity and CO2 
concentration. Based on wireless sensor networks, this system uses an improved Back Propagation (BP) neural network algorithm 
with factor analysis and self-adaptive mutation, and has been implemented by Java language. The system gives a real-time display 
and prediction function of environmental health indices and, through experiments, the analysis results of the system are very close 
to the actual results. With respect to the trend method, predicted values of the improved BP neural network algorithm are closer to 
the actual values.  
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I. INTRODUCTION 

BP neural network is a multilayer feedforward network 
that is proposed by a team of scientists headed by Rumelhart 
and McCelland. In the artificial neural network, BP neural 
network has the most extensive range of applications. A 
majority of applied neural networks use BP neural network. 
In forward networks, BP neural network occupies an 
important part.  

BP neural network adopts a classic BP algorithm, while 
BP algorithm is the steepest descent method based on 
gradients and regarding squared errors as objective functions, 
therefore, inevitably, there are four significant deficiencies: 
1) network training is easy to fall into local minimum; 2) the 
rate of convergence of learning processes is slow; 3) the 
designed network generalization that is difficult to be 
determined by the network structure can’t be guaranteed 
[1][2]. Over the last decade, many experts and scholars have 
done a lot of work on improving the performance and 
achieved fruitful results on studying BP neural network. At 
present, researches on BP neural network are mainly divided 
into application-oriented researches and theoretical 
researches: application-oriented researches are to apply the 
existing theories and use them into different areas, and the 
current BP neural network has the main application areas: 
pattern recognition, image processing, information 
processing, intelligent control, fault detection, business 
management, market analysis, etc.; theoretical researches are 
to study the deficiencies of classic BP neural network and 
improve network performance so as to make BP neural 

network tend to be perfect, and they focus on the 
improvement of slope of excitation functions and error 
curved surface, selection of initial weights of the network, 
perfection of optimization network, optimization of network 
structures and other aspects. 

Originated from the theory of “the science of human 
settlements” founded by famous Greek urban planning 
experts, scholars, etc., human settlements assessment 
emphasizes comprehensive studies of human settlement 
environment [3][4]. Since then, World Health Organization, 
United Nations and other organizations have repeatedly 
taken human settlements as a key content of the conferences 
and “livability” has become the main focus of researches of 
foreign scholars and institutions, for example, the factors of 
residents’ residential location choice have been divided into 
categories, which has set a precedent for systematic review; 
it has been proposed that important indicators and elements 
of assessing living environment should include 
sustainability; research institutions and magazines of the 
United Kingdom and the United States also have carried out 
selecting activities of livable cities [5]. A group of scholars 
conducted the evaluation research on residents’ perception 
on living environments [6][7]. Wang Lei et al. launched 
survey researches on the satisfaction index of human 
settlements in six urban districts of Beijing, and the results 
showed that in the first half of 2012, the satisfaction index of 
human settlements of Beijing was 3.10 points (5 points is the 
full mark and means very satisfactory) at the general level. 
Jin Yong et al. investigated Beijing residents’ satisfaction of 
the environment and established an environment satisfaction 
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index model, in which Beijing residents’ satisfaction index 
on the overall situation of environment was 58.90 and the 
perception quality index was 56.07 (both the full marks were 
100 points).  

II. SYSTEM REQUIREMENT ANALYSIS 

A. Overall analysis of the system 

With the increasing prominence of environmental 
problems and the rapid development of computer 
technology, people need a more efficient way to analyze 
environmental data so as to understand environmental 
conditions, make decisions based on the understanding of 
environmental conditions, excavate technology with acquired 
data, obtain useful knowledge of environmental conditions 
combining with the corresponding analytical model, and 
display it via simple and intuitive visualization methods.  

The basis of the system implementation lies in data 
acquisition through a large number of wireless sensor nodes, 
storage of the acquired data, as well as the analysis and 
display of data. Sensor nodes are based on the universal 
TinyOS operating system in the wireless sensor operating 
system, and aiming at the data acquired through sensor 
nodes, an efficient data analysis method and a friendly way 
to display the system are needed. The system should have 
simplicity and ease of use and a friendly interface so that 
users can operate the system easily; system operation should 
maintain a good response time and ensure the robustness of 
the system; the system needs to adopt a module development 
way and reduces the coupling degree between modules so as 
to enhance the scalability of the system [8][9].  

From the perspective of functional requirements, the 
system should include the display of perception data from 
sensor nodes so that users can understand the environmental 
conditions in monitored areas through perception data, and it 
should be able to save the perception data acquired from 
sensor nodes and query historical information and make 
certain analytical operations if necessary. At the same time, it 
also should be included to let users understand the 
distribution of nodes and the state of each node, and the way 
of display should be intuitive. The system also should make 
users understand the operation conditions of the entire 
wireless network, so when there’s a problem in the overall 
network operation, users can easily locate the node where the 
problem occurs so as to conduct replacement operation for 
the node. 

B. Module analysis of health indexes 

Health index modules are mainly to provide decision 
guidance for people’s healthy life according to 
environmental information and users should be able to 
intuitively understand the current environmental conditions, 
including the information of temperature, humidity, 
illumination intensity and CO2 concentration as well as the 
change trend of the information. According to the change 
trend of temperature, humidity, illumination intensity and 
CO2 concentration in a period of historical time, the system 
should provide the data in the coming period, get the index 
information through calculation based on the result data, and 

give different suggestions according to different index 
information for behavioral guidance to people’s dressing, 
traveling and exercising. At the same time, the system needs 
to provide an early warning function, so when CO2 

concentration or air humidity reaches a certain level, the 
system will make corresponding prompts. 

 
III. DATA REQUIREMENT ANALYSIS 

 
The system mainly requires four types of data that 

respectively are perception data, neighbor node data, data of 
node status and latitude and longitude data of nodes.  

Perception data. Perception data is collected by wireless 
sensor nodes, including the data such as illumination, 
temperature, humidity, CO2, etc. It provides data sources for 
health indexes and it is also the major target of query of 
historical data.  

Neighbor node data. Adjacent point data indicates the 
sensor’s status of neighbor nodes, including the quantity of 
neighbor nodes, ID of neighbor nodes, routes of neighbor 
nodes and other data, and according to neighbor node data, 
the topology of the entire wireless sensor network can be 
depicted.  

Data of node status. Dada of node status indicates the 
data associated with the data packet, including the number of 
opening antennas, the number of packets received 
successfully, the total number of data packets sent by nodes 
and other data. Dada of node status is the basis of detecting 
health status of the whole network.  

Latitude and longitude data of nodes. Except the 
perception data that can be acquired by the sensor, the 
system needs to identify the geographical location of the 
sensor in the sensor map module, so it is needed for the data 
related to latitude and longitude of nodes as well as other 
data on nodes.  

Each type of data corresponds to a corresponding 
database table in the database, the reliability and integrity of 
data are ensured by using stored data in the database, and in 
data storage, the system’s reaction speed to the database 
needs to be improved as much as possible, therefore, data 
storage must meet the third normal form. 

 

IV．SYSTEM DESIGN 

A.   Overall system design 

A complete data analysis and display system consists of 
three parts: data acquisition and storage, implementation of 
the data mining algorithm and the front desk display system 
[10]. 

Data acquisition and storage includes the data acquisition 
by wireless sensor network as well as the storage, reading, 
query, statistics, updates and other aspects of the acquired 
data. The wireless sensor uses TelosB sensor nodes of 
CrossBow Company, and the sensor adopts TinyOS 
operating system and uses the self-organizing distribution 
network composed of sensor nodes to acquire and 
summarize data. Data storage uses sql server database. The 
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system uses SQL language through programming to 
complete all operations of the database.  

Another major part of the system is the data mining 
algorithm. Based on temperature, humidity, illumination and 
other data collected by sensor nodes, the system analyzes and 
predicts the acquired data. At the same time, the system can 
analyze the health status of the network on the basis of data 
of the sensor node status.  

Artificial neural network can discover possible patterns 
in data through learning, it can use neural network to do 
regression analysis and prediction, and at the same time, the 
excellent learning ability of the neural network algorithm is 
ideal for the analysis and prediction of environmental data, 
and in the data analysis module of the system, it’s the most 
important to complete the training and testing of the model.  

Based on the simplicity and robustness of Java language, 
the system uses Java language to achieve an efficient 
artificial neural network algorithm. 

The display system of data adopts Java language whose 
scalability and cross-platform capacity can meet the 
requirements that data can operate on various platforms.  

B. System architecture design  

The overall architecture of the perception data analysis 
and the display system is as shown in Figure 1, in which 
sensor nodes are arranged in the monitoring areas or objects, 
the wireless sensor nodes gather data to aggregation nodes 
through wireless sensor networks, aggregation nodes store 
perception data in the database through the connection with 
the database, the database communicates with a data analysis 
platform via communication networks and makes data 
processing and data mining for the perception data required 
via the data analysis platform, and the results obtained will 
be sent to the display system for visualized presentation of 
data [11]. 

 

Figure 1. Architecture diagram of perception data analysis and display system 

Users can log into the system via a local area network or 
Internet, and the system can display processed data to users 
through the interaction between the system server and the 
background data. 

 
 

V. MODULE DESIGN OF HEALTH INDEXES 
 
The module of environmental health indexes is mainly to 

provide decision guidance for people’s healthy life, mainly 
including colds indexes, human comfort indexes, dressing 

thickness meteorological indexes and drying indexes four 
parts. Each health index has different calculation methods, 
according to the calculation process of indexes, different 
calculation results can be given, and below, we will 
introduce the calculation of each index one by one.  

A.  Calculation of colds indexes 

Colds are common diseases that occur all year around, 
but they mainly concentrate in autumn, winter and spring, 
namely from mid-October to early May in the next year. 
People get colds easily in two kinds of weather situations: 
one is that strong cold air goes southward fast and results in a 
sharp decline in temperature, the other is in sunny daytime 
with a cold morning and evening, namely a large daily 
temperature range can easily lead to colds [12][13]. In 
addition, when temperature in summer is high, people always 
forget to add clothing after sweating, the weather of 
“sometimes cold and sometimes hot” also can cause colds, 
but this kind of situation is not universal.  

According to the above circumstances, colds can be 
divided into 5 grades as shown in Table I. 

 
TABLE I  COLDS GRADE 

Colds grade Influence 

Grade 1 Weather conditions are unlikely to cause colds 

Grade 2 
Weather conditions have little effect on human 

colds 

Grade 3 People with weak physique are easy to get colds 

Grade 4 Some people are easy to get colds 

Grade 5 Extremely easy to get colds 

 
Based on the above, we have established the prediction 

model as shown in Table II. 
 

TABLE II.  PREDICTION MODEL OF COLDS INDEXES 

Weather changes Grade 

24h temperature decrease＞10℃ 5 

8℃≤24h temperature decrease<10℃ 4 

5℃≤24h temperature decrease<8℃ 3 

2℃≤24h temperature decrease<5℃ 2 

Daily temperature range≥13℃ 4 

10℃≤Daily temperature range<13℃ 3 

8℃≤Daily temperature range<10℃ 2 

Maximum 
temperature≥30℃ 

50<Minimum relative humidity≤60 2 

60<Minimum relative humidity≤70 3 

70<Minimum relative humidity 4 

25℃≤Maximum 
temperature<30℃ 

60<Minimum relative humidity≤70 3 

70<Minimum relative humidity 4 

 
In winter, if the minimum temperature is less than 5℃, 

the grade increases 1; when the average daily temperature is 
8℃ or less, the grade also increases 1.  
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B.  Calculation of human comfort indexes  

Human comfort indexes refer to whether general 
population feel comfortable to the external weather 
conditions and the degree after the combined effects of 
temperature, humidity, wind and other meteorological 
elements on human body are considered.  

     0 0( ) 0.55(1 /100) ( ) 38)I T F RH T F        (1) 

In the formula: I —human comfort degree, 0( )T F —

predicted value of environmental temperature, RH —
predicted value of relevant humidity.  

Meteorological indexes of human comfort degree can are 
divided into nine grades and the grading partition of 
meteorological indexes of human comfort degree is as shown 
in Table III. 

 
TABLE III   MODEL OF HUMAN COMFORT DEGREE 

Grade Index Description 

Grade 1 I＜25 Chilly and feel very uncomfortable 

Grade 2 25≤I＜40 Cold and feel uncomfortable. 

Grade 3 40≤I＜50 
A little cold or colder, most people feel 

uncomfortable 

Grade 4 50≤I＜60 
Slightly cool or cold, some people feel 

uncomfortable 

Grade 5 60≤I＜70 Generally feel comfortable 

Grade 6 70≤I＜79 
A little hot, most people feel 

uncomfortable 

Grade 7 79≤I＜85 Hot and feel uncomfortable 

Grade 8 85≤I＜90 Sultry and feel very uncomfortable 

Grade 9 I≥90 
Extremely sultry and feel uncomfortable 

a lot 

 
Calculation of dressing thickness meteorological indexes: 
Dressing thickness meteorological indexes refer to the 

needed standard dressing thickness in order to make the 
surface temperature of human remain constant or make 
human body keep a comfortable state according to the effects 
of sky conditions, temperature, humidity, wind and other 
meteorological elements on the sensible temperature of 
human body.      

The calculation results still need to be adjusted according 
to the maximum temperature difference and the adjustment 
method is as follows. 

1 max max

1 max min

1 max min

               T -T 8

2         10 MT -T

1          8 T -T 10

H H

H H

H H

 
   
    

          (2) 

In which, when Tmax 18 , then 

  max
1

(1.24 0.4 /100) 0.61 (33 )

1 0.01165

RH T
H

RH RH

    


  
       (3) 

when  
max18 T 26  ,then  

1 0.61 (33 max) / (1 0.01165 ) H T RH RH       (4)                                                                     

when  Tmax 26  ,then 

max
1

(1.24 0.4 /100) 0.61 (33 )

1 0.01165

RH T
H

RH RH

    


  
         (5) 

 
In the formula: H represents dressing thickness 

meteorological indexes, maxT  is the maximum 

temperature, minT is the minimum temperature, and 
RH represents minimum relative humidity.  

According to the recorded H value, we can divide 
dressing thickness indexes into nine grades, and the grading 
is as shown in Table IV. 

 
TABLE IV    MODEL OF DRESSING THICKNESS INDEXES 

Grade Index Description 

1 H≤1.5 Short and thin summer clothes 

2 1.5＜H≤4 Short summer clothes 

3 4＜H≤6 Summer clothes, long-sleeved shirt/shirt 

4 6＜H≤8 
Spring and autumn clothes, 

shirt+vest/shirt+jacket 

5 8＜H≤11 
Spring and autumn clothes, shirt+suit/shirt+thin 

sweater 

6 11＜H≤14
Late autumn clothes, thin sweater+suit/thin 

sweater+coat 

7 14＜H≤20
Early winter clothes, sweater+thin woolen 

coat/sweater+thin cotton-padded clothes 

8 20＜H≤22
Winter clothes+cotton-padded clothes/thick 

sweater+woolen coat 

9 H>22 Midwinter clothes, down jacket, etc. 

 
C. Improved GA BP network 

Gray code.  
A binary string 1 2, n   ， ， , the corresponding 

Gray series for 1 2, , n   ， , the calculation formula for 
binary string into Gray coding string is shown in Formula 
(6). 

1

1

1

1k
k k

k

k




 


   

                         (6) 

Among them,   represents modulo 2 addition. 
Factor Analysis. 
The overall sample 1 2,( , , )nX x x x  ( n  is the number 

of overall samples), any 1 2( , , , )i i i ipx x x x  ( p is the 

dimension of each sample)，then the whole sample is shown 
as formula (7). 

11 12 1

21 22 2

1 2

m

m

n n nm

x x x

x x x
X

x x x

 
 
 
 
 
 





   



                     (7) 

Standardized variable correlation coefficient matrix R : 
                                       ( )ij m mR r                                 

(8) 
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Where, 
1

1 n

ij ai aj
a

r x x
n 

            

The A's given-values 1 2 3 0p         and 

corresponding unit feature vector. 
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Factor loading matrix is described as A , it is shown as 
formula (9). 

                    
11 1 1

1 1
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p pm m

a a

A

a a

 

 

 
 

  
 
  



  



                    (9) 

A' is A's  Maximum swivel of variance matrix. 
The factor score is 'F XA . 
Self-adaptive mutation. 
Set 1 2,( , , )ns v v v  is the parent individuals, ( )f s B is 

its fitness, maxf  is the biggest fitness of the problem’s 
solution. Then the mutation temperature is defined as: 

                               
max

( )
1

f s
T

f
                                    (10) 

With the concept of mutation temperature, mutation 
methods is the same as the mutation operator, but the 
evolution algebra of t  is replaced by T , the function 
expression is shown as formula (11). 

(T,y) [1 exp( )]y r T                        (11) 

 
 

VI.  SYSTEM IMPLEMENTATION 
 

A.  Setting of network training parameters  

The training algorithm adopted by BP neural network 
model in the system is LMBP. In the algorithm, these 
training parameters need to be set: the maximum number of 
cycles is 2000, the target error is 0.01, the momentum 
constant is 0.00002, and the learning rate is 0.1. The number 
of hidden nodes N , which is shown in formula (12): 

N nIn nOut k                               (12) 
In which, nIn  represents the node number of the input 

layer, nOut  represents the node number of the output layer 
and k is the window value. 

The evaluation methods for the model include mean 
square error (MSE) method, mean absolute error (MAE) 
method, square sum error (SSE) method and mean relative 
error (MAPE) method, and the system selects mean square 
error method whose formula is as follows in formula (13). 

2

1

1
( )

N

i i
i

MSE t a
N 

                          (13) 

After setting network parameters, use training data to 
train the network. As shown in Figure 2, with the progressive 
increase of the cycle number of the network, the overall error 
value of the network decreases gradually. Training error  
begins to converge at about 350 generations, and ultimately 
the training error is 0.0058, the training precision is higher. 

When reaching the stop conditions of the network 
training, the network stops the training process, the setting of 
various neuron parameters in the network is finished, and 
these network parameters can be used to assess the predictive 
effect of the network on detection data. In this case, the 
comparison between the training results of the network and 
the expected value is as shown in Figure 3. 

 

 

 
 

 
 

 

 

Figure 2. The curves of the training error with iterations times 

 
Figure 3. Comparison diagram of training results of the network and the 

expected value 

B. Optimization strategy of the network  

One of the problems of neural network is that the trained 
and the original training set are too coupled, thus, the ability 
of inductive generalization is lost. In order to avoid this 
situation, the algorithm with noise can be used to avoid over 
fitting. Noise is random numbers with the average value less 
than 0, and adding them into the training data can prevent the 
data point specified by over fitting during the training of the 
network. Different training sets have great impact on the 
final network model, the data source is the over 100,000 
pieces of data collected by sensor nodes from April 10, 2015 
to April 30, 2015, data is added into a test set on the 
probability of 68%, other data is as a validation set, and the 
results are as shown in Figure 3, and  the comparison 
diagram of human body comfort indexes in different date 
with different method which is as shown in Figure 4. 
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Figure 4. Comparison diagram of using neural network algorithm, trend 

prediction method and the actual value 

 
 Figure 4.  Comparison diagram of human body comfort indexes in 

different date with different method 

Compared with the result of improved neural network 
prediction and trend prediction method, and treated with data 
gauge, the global error values is shown as Table V and the 
effect of improved neural network prediction has large 
improvement. 

 
TABLE V    COMPARISON OF GLOBAL ERROR VALUE BETWEEN THE 

IMPROVE NEURAL NETWORK AND TREND PREDICION 

Method Global error value（10-3） 

 1st 2st 3st 4st 5st Mean vlue

Improved 
neural 

network 
3.171 1.901 2.246 2.898 1.498 2.343 

Trend 
prediction 

method 
3.269 3.041 3.571 3.199 2.694 3.155 

 
TABLE VI    THE INFLUENCE OF TRAINING SET SIZE ON THE TRAINING SPEED  

Training 
set size 

The number of iterations 

 1st 2st 3st 4st 5st Mean vlue

T=10000 18121 12041 12021 15685 14075 14388 

T=50000 33102 35164 39124 31406 38127 35384 

T=100000 98125 106216 122042 95421 94139 103188 

 

 

TABLE VII    THE INFLUENCE OF TRAINING SET SIZE ON THE GLOBAL ERROR 

VALUE  
Training
set size 

Error rate（10-3） 

 1st 2st 3st 4st 5st Mean vlue

T=10000 3.32 2.81 2.89 3.48 3.06 3.112 

T=50000 2.97 2.13 2.65 3.37 2.68 2.760 

T=100000 2.65 1.91 2.22 2.85 2.25 2.376 

As can be seen that Training set is larger, the slower the 
convergence speed, and lower error rate from Table VI and 
Table VII. 

VII.  CONCLUSIONS 

 
Under the present background of environmental 

degradation, people need to monitor the environment to meet 
their willingness of understanding the environment, and 
using wireless sensor network to acquire environmental data 
has natural advantages. This paper introduces the 
development of wireless sensor network and its functions in 
environmental monitoring, the characteristics of the sensor 
operating system Tiny OS and the overall process and key 
technologies in artificial neural network, and it highlights BP 
neural network.  

On the basis of the discussion of key technologies, we 
propose a perception data analysis and display system based 
on wireless sensor network to show people the processed and 
analyzed perception data through a intuitive visual way, 
analyze the overall demands of the system, divide the 
functional modules of the system, make detailed demand 
analysis for each functional module of the system, make 
statistical analysis of the system aiming at the data 
requirements required by the system, and form the functional 
architecture of the perception data analysis and display 
system, and then we make the overall design for the 
functional architecture and the physical architecture of the 
system as well as the detailed design for each module. On 
this basis, we complete the design of the database table 
mode, and through the comparison of different artificial 
neural networks, we complete the preliminary design of the 
network.  

Finally, we achieve the whole data analysis and display 
system by programming, complete the realization of the 
artificial neural network and optimize the network to make 
the network have a fast convergence and reach a certain 
accuracy through adjusting all parameters of the model of 
artificial neural network, and verify the availability of the 
system through the display of all functional modules of the 
system; and after running for a long period of time, the 
system has a good stability. 
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