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Abstrac—t-Stroke is one of the most serious disease, and the 
incidence rate of stroke is confirmed to be related to 
environmental factors including temperature, pressure and 
humidity .In order to obtain the relationship between the 
incidence rate and environmental factors , we research on 
local daily meteorological data and stroke disease cases 
from January 2008 to December 2012, which is provided by 
the administrative department of public health and medical 
institutions statistics in China, then build the improved 
BPNN(Back propagation neural network) model to carry 
out data analysis and processing, obtain the weight matrix 
between them. It can be seen that the relationship between 
incidence rate and pressure is the highest degree from the 
value of weight matrix, and pressure is positive correlation 
with the incidence rate. The relationship between the 
temperature and incidence rate is second, and they are 
negative correlation. The incidence between average relative 
humidity and correlation is quite small. 

The results show that the model can be used to predict 
the future stroke incidence rate under various 
meteorological conditions, and it can play a certain role in 
making disease knowledge popular and providing a 
reference to potential patients. 

 
Index Terms—Stroke, BP, neural network, incidence rate, 
meteorological conditions 
 

I. INTRODUCTION 
The relationship between the incidence rates of stoke 

and environmental factors (pressure, temperature, humid-
ity) have recently emerged as one of promising research 
areas for safety of the patients and the potential patients. 
In this paper we study the relationship; it means that we 
should get the influence coefficient of correlation (weight) 
between environmental factors and incidence rates of 

stroke [1]. The rationality of correlation coefficient is 
directly related to the accuracy of the model. Because this 
is a complex relationship, with the passage of time and 
space, the weights may be changed .How to determine the 
weights is a key to improve the performance [2][3]. The 
BPNN is a forward multi-layer network, which bases on 
BP algorithm, and the topological structure as a layered 
feed-forward network, is composed of the input layer, 
hidden layer and output layer[4] . In essence, the BPNN 
algorithm makes the input and output of a set of samples 
into a nonlinear optimization problem with using the gra-
dient descent algorithm optimization technique, which 
uses the iterative solution to get the right value [5]. 

We use momentum adaptive learning rate adjustment 
algorithm to improve the BPNN model in this paper. 
With our intellectual contributions, we improve the per-
formance of BPNN algorithm. Through theoretical analy-
sis and extensive evaluation, it is shown that our design 
provides an efficient way to outperform the existing algo-
rithm. 

II. MODEL IMPROVEMENT 

A. Notations  
m: the input layer node number; 
n: the output layer node number; 
s: the hidden layer node number; 
xj: the input of j node in input layer, j =1,2,3; 
wij: the weight between i node in hidden layer and j 
node in input layer; 
θi: the threshold of i node in hidden layer; 
f(x): the excitation function in hidden layer; 
wki: the weight between k node in output layer and i 
node in hidden layer;  
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ak: the threshold of k node in output layer; 
Ψ(x): the excitation function in output layer; 
Ok: the output of k node in output layer. 

B. The BPNN Flow  

 
Figure 1. BPNN flow  

C．Forward Propagation Process of Signal 
The input of i node in hidden layer [6]: 

        
M

net = w x +θi ij j ij=1
∑               (1) 

The output of i node in hidden layer: 

( ) M
y =φ net =φ w x +θi i ij j ij=1

∑
⎛ ⎞
⎜ ⎟
⎝ ⎠

          (2) 

The input of k node in output layer: 

  ( )
1 1 1

q q q
xnet w y a w w aijki kik i k kkii i i

θϕ∑ ∑ ∑= + = + +
= = =

      (3) 

The output of k node in output layer : 

( ) ( )q q M
a =ψ net =ψ w y +a =ψ w φ w x +φ +ak k ki i k ki ij j i ki=1 i=1 j=1

∑ ∑ ∑
⎛ ⎞⎛ ⎞
⎜ ⎜ ⎟ ⎟

⎝ ⎠⎝ ⎠
   (4) 

D. Back Propagation Process of Error  
For the two type of criterion function of every sample 

p[7]: 

        ( )
2L1E = T -op k k2 k=1

∑              (5) 

The total error criterion functions of P training sam-
ples: 

      ( )
2p L1 p pE= T -Ok k2 P=1k=1

∑ ∑             (6) 

The weight adjustment formula for output layer: 

     

k k k
ki

ki k ki k k ki

net o netE E EΔw =-η =-η =-η
w net w o net w

∂ ∂ ∂∂ ∂ ∂
∂ ∂ ∂ ∂ ∂ ∂       (7) 

The threshold adjustment formula for output layer: 

        
k k k

net netE E-η -η -η
net a a net a

k k k
k

k k k

oEa
a

∂ ∂ ∂∂ ∂ ∂Δ = = =
∂ ∂ ∂ ∂ ∂ ∂

      (8) 

The weight adjustment formula for hidden layer: 

        

net y netE E Ei i iΔw =-η =-η =-ηij net net w y net wk i ij i i ij

∂ ∂ ∂∂ ∂ ∂
∂ ∂ ∂ ∂ ∂ ∂

           (9) 

The threshold adjustment formula for hidden layer: 

  

net y netE E Ei i iΔw =-η =-η =-ηij net net w y net wk i ij i i ij

∂ ∂ ∂∂ ∂ ∂
∂ ∂ ∂ ∂ ∂ ∂

       (10) 

E. The Improved BPNN Algorithm 
The BP algorithm is simple, easy, small amount of 

calculation, and has the parallel advantages, so it is one of 
the largest and most mature training algorithms for net-
work training at present. The essence of the algorithm is 
to solve the minimum value of the error function. Be-
cause it exists following problem by using the method of 
steepest descent in nonlinear programming [7]: 

(1) low learning efficiency, slow convergence; 
(2) falling into local minima easily. 
In order to make the model more accurate, we use 

momentum adaptive learning rate adjustment algorithm. 
The weights and threshold adjustment formula with addi-
tional momentum factor [8]: 

    
ij i j ijΔw (k+1)=(1-mc)ηδ p +mcΔw (k)        (11) 

      i i iΔb (k+1)=(1-mc)ηδ +mcΔb (k)         (12) 

In which, k is the training times, we take 10000, mc is 
the momentum factor, we take 0.9. At the same time it is 
not easy to select appropriate learning rate for a particular 
problem. To solve the problem, it is natural to adjust the 
learning rate automatically in training process. The adap-
tive learning rate adjustment formula is as follows [3][4]: 

1.05η(k)
η(k+1)= 0.7η(k)

η(k)

⎧
⎪
⎨
⎪
⎩  

E(k+1)<E(k)
E(k+1)>1.04E(k)
other ,     

(13) 

E(k) is sum of squared errors for the k step. The selec-
tion of the initial learning rate can be optional, we take 
1.0[9]. 

 

 
Figure 2.system setting 

F. Other Network Parameters 
(1) The initial weight values should not be equal to a 

set of values, we take-1~+1[10]; 
(2)The excitation function of network, we take sigmoid 

function; 
(3) The training function of network, we take trainr 

function; 
(4)The adaptive function of network, we take learngd 

function; 

1a

kiwijw

La

ka

qθ

iθ

…
 

…
 

…
 …

 

…
 

…
 

1x

jx

Mx

1o

ko

Lo

O

U

T

P 

U

I 

N 

P 

U 

Input 

layer

hidden 

l

Output 

l

φ

φ

φ

ψ

ψ

ψ

JOURNAL OF COMPUTERS, VOL. 9, NO. 8, AUGUST 2014 1859

© 2014 ACADEMY PUBLISHER



 

G. The Network Environment/platform 
Windows XP, VS2010, C++ 

H. Model Solution 
In this paper the pressure, temperature, humidity, and 

the corresponding incidence rate between 2009 and 2011 
are the training samples. Train them to solve the weights 
from input layer to the hidden layer and from the hidden 
layer to the output layer. Then use the resulting weight 
and the pressure, temperature, humidity data in 2010 to 
predict the actual data. We analyze the difference be-
tween the forecast value (forecast incidence) and the ac-
tual incidence to prove that the model is correct. The 
process is as follows:  

(1)Training samples input 
The pressure, temperature, humidity during the period 

2009-2011 are the training samples and input layer nodes, 
which namely input layer node 3, see the incidence rate 
as the output layer nodes, which namely the input node 1. 
Meanwhile train samples of the corresponding data. In 
this paper the dynamic functions of hidden layer nodes 
is[11]: s = 4, 

And 
2s= 0.43mn+0.12n +2.54m+0.77n+0.35+0.51 ,  

samples number is: 
3*12*3=108, Matrix size of the input layer is108*3, ma-
trix size of the input layer to the hidden layer is 3*4=12, 
matrix size of the hidden layer to the output layer is 
4*1=4, the matrix of the output layer is 36*1.  

TABLE 1.  
RELATIONSHIP OF CLIMATE AVERAGE AND INCIDENCE  

2008 tempera-
ture pressure humidity Disease 

incidence
early January 1028.250 4.010 72.800 2.900 
middle Janu-

ary 1028.320 4.660 80.800 2.100 

late January 1028.118 4.809 66.727 2.000 
Early  Feb-

ruary 1023.290 8.080 65.500 2.100 

middle  
February 1018.410 8.490 71.300 1.800 

Late  Feb-
ruary 1020.375 9.825 76.750 1.700 

Early March 1020.460 9.620 70.400 2.800 
Middle 
March 1021.940 8.360 68.900 1.800 

Late March 1012.973 16.245 68.636 2.500 
Early April 1021.150 12.780 60.000 3.000 

Middle April 1013.400 15.610 64.500 2.700 
Late April 1015.080 17.720 63.200 2.500 
Early May 1010.150 20.770 62.700 2.900 

Middle May 1009.560 22.690 54.400 2.700 
Late May 1005.718 24.227 67.636 2.700 
Early June 1007.570 22.410 76.900 2.800 

Middle June 1007.440 22.720 77.500 2.700 
Late June 1003.500 28.920 72.100 2.400 
Early July 1001.370 27.950 79.100 1.900 

Middle July 1000.650 28.680 75.100 2.700 
Late July 1006.536 31.355 66.455 2.500 

Early August 1004.300 30.660 65.700 3.100 
Middle Au-

gust 1002.700 28.780 71.600 2.900 

Late August 1007.527 29.255 69.909 3.200 
Early Sep-

tember 1008.530 24.060 77.000 3.400 

Middle Sep-
tember 1008.310 24.170 82.100 2.900 

Late Sep- 1014.510 24.660 69.100 3.000 

tember 
Early Octo-

ber 1013.540 23.400 76.900 3.700 

Middle Oc-
tober 1022.910 17.490 68.900 3.600 

Late October 1020.282 17.327 69.364 3.300 
Early No-
vember 1023.480 13.860 58.000 3.200 

Middle No-
vember 1023.940 12.690 69.100 3.000 

Late No-
vember 1024.940 11.170 59.000 3.000 

Early De-
cember 1026.140 8.450 77.500 3.600 

Middle De-
cember 1021.610 7.260 75.400 3.000 

Late De-
cember 1022.700 8.055 52.000 3.900 

 
The data format is as follows: 

 
TABLE 2 

.DATA INPUT FORMAT 
 Input layer Output 

layer 
Data Pressure 

value 
temperature 

value 
humidity 

value 
incidence 

rate 
 

(2) Samples training 
When all the samples are trained over, and reach the 

precision requirement, we can get weight matrix from 
input layer to hidden layer and from hidden layer to out-
put layer. 

In which, the weight matrix from input layer to hidden 
layer is 3 4X × : 

3 4

-0.0062 0.1695 0.4637 0.1864
X = -0.4296 0.0796 -0.1296 0.1365

0.0245 -0.1191 -0.2651 -0.4984
×

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎣ ⎦  The weight matrix from hidden layer to output layer is 

4 1Y ×  : 

4 1

-0.1485
0.1503

Y =
0.4346
-0.1893

×

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦           

k
X jllw = ,j=1,2,3;l=1,2,3,4.j m k

| X |ili=1 l=1

∑

∑ ∑
       

(14)

 
Then use the formula (14) to obtain the weight matrix 
[ ]w= 0.5224,-0.3899,0.0877 of pressure, temperature, 

humidity [12,13]. It can be seen that there is a specific 
positive and high degree correlation between pressure and 
incidence rate of stoke, there is a negative and lower cor-
relation between temperature and incidence rate of 
stoke,the incidence rate of stoke is little relevance to hu-
midity. 
(3)Samples Prediction and Effect 

We use the data in each stage of 2012 as training sam-
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ple, pressure, temperature, humidity as input nodes,use 
the weights matrix gotten above, then get the rate value of 
the corresponding stage,at last compare with the real val-
ue, get the error curve. 

 
Figure 3. Error curve 

It can be seen from the figure 3, the last system error 
stabilized stay between 6-8% with the increase of training 
times. 

From the discussion above, according to the estab-
lished network, we can predict the incidence rate of 
stroke was 3 in 2010 early January, and the relative errors 
of the real value of 3.2 is about 6%, predict the incidence 
rate was 2.7 in the mid January, and the relative errors of 
the real value o of 2.9 is about 7%. Sequentially compar-
ing relative errors stay between 6% ~8%, the error is very 
small, so we can say our established model is accurate 
and reasonable. Using this model, we can forecast the 
incidence rate of stroke in future; if we know the envi-
ronmental factors (pressure, temperature, humidity).Thus 
we can use the model to prevent the disease.. 

 

 
Figure 4. data comparison 

I.  Mode evaluation and promotion 

This model can not only accurately reflect the rela-
tionship between incidence rate and pressure, temperature, 
humidity, but also predict the future stroke incidence rate 
under various meteorological conditions. It can play a 
certain role in making disease knowledge popular as well 
as in transformation of health status. 
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