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Abstract
In view of the problems that the localization accuracy is not high and the convergence is slow of the 
basic BP neural network algorithm in the application of the GSM network positioning, this paper 
presents a GSM network location model based on self-adaption and error correction BP neural 
network. First, in order to speed up convergence and prevent oscillation, this paper introduces a 
momentum factor by adopting a new performance index function under the condition of the guarantee 
that the network training error is as small as possible to make the network with smaller weights. And 
then using the different learning rate to dynamically adjust the connection weights between different 
nodes and improve the adjustment efficiency of the weight, speed up the convergence rate of the 
error function. Simulation experiments show that the proposed GSM network location model based 
on self-adaption and error correction BP neural network has higher precision and faster convergence 
speed, it has good application effect.
Key words: GSM Network Location, self-adaption error correction, 
improved BP neural network algorithm, Momentum Factor, 
differentiation

Introduction
With the constant enlargement of the scope and 

scale of the network application, the management and 
optimization of the network become more and more 
important. Mobile communication network as a dy-
namic network, including network structure, wireless 
environment, users distribution and usage behavior 
are constantly changing, it needs operators to conti- 
nuously adjust the network to adapt to the changes 
[1]. An important work is according to actual opera-

tion state of the wireless network system, having the 
parameter acquisition and data analysis for the op-
erational wireless network, find out the cause of the 
network quality problems, through technical means 
or adjust the system parameters and other means to              
improve the performance of the system, ensure sys-
tem running under state of providing optimal servi- 
ces, so that the network resources can obtain the best 
benefit [2].

GSM network localization way can divide into
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two ways technically, they are time of arrival (TOA) 
[3], the increase of measurement time difference 
(E-OTD) [4]. He Yuanhua did the corresponding              
introduction to TOA location method, and had some 
improvement[5]. Wylie-Green present geometric 
measurement method, he made the receiving signal 
strength according to the propagation model formula 
mapped to the actual physical distance, merged with 
TOA method for improvement, it effectively against 
the interference of non-line-of-sight spread (NLOS), 
to a certain extent ensure the positioning precision in 
the complex communication environment [6]. TOA 
positioning method does not need to add additional 
software, it can be implement localization in any of 
the mobile terminal. But in the way to locate, it re-
quires additional hardware facilities, namely the posi-
tioning measurement unit described earlier, it is used 
to calculate the arrival time of the signal under the 
condition of sudden [7]. S. Charitanetra proposed the 
protocol specification standard of GMS location, in 
the standards he proposed two localization ways of 
E – OTD. The positioning way mainly through the 
Position calculation function module of the mobile 
terminal or network, after a certain calculation, de-
termine the position of the mobile terminal. When the 
parameters of the function provided by the network 
structure and the mobile terminal, measurement unit 
functions are same, location estimation method can 
be realized by the following two ways: hyperbola 
method and the way of arc [8]. Bai expounded the                                                         
E - OTD actual application in GSM network position-
ing [9]. Among them, he mentioned E - OTD by pro-
cessing arrival time (TDOA) between mobile station 
and at least three BTS get the estimated position of 
mobile station. However, when the multipath trans-
mission exist in the process of signal transmission, 
the same signal from the base station is transmit-
ted through multiple paths to the mobile station, it 
happened the same emission signals have different 
transmission delay. This kind of situation can bring  

adverse effect to TDOA measurements. He put 
forward when the pending target in the network                                                                            
appeared the following two situations, E - OTD locat-
ing method was unable to complete positioning of the 
target: one is only a neighbor or the main service area 
in the overlay network, the second is the overlay net-
work adopt repeaters [10]. A.K ushki described the                  
method of field measurements for offline fingerprint 
database, from the description you can know that the 
field measurements need to prepare a lot of testing 
equipment (including laptops and mobile phones and 
other mobile handset), in the sampling points of po-                                                                                                    
pulating area or broad test area, a large number of 
sampling points required, the required collection 
workload is also bigger [11]. Han Lyu’s description 
is based on the received signal strength (RSS) finger-
print positioning technology, detailed introduces the 
selection of access point (AP) and the reference point 
(RP) of hoof process. The technical principle based 
on the received signal strength fingerprint positioning 
is that the received signal strength presents  regular 
changes with distance of the base station, the change 
rule can be obtained according to the different propa-
gation model calculation formula[12].

In view of the defects of basic BP neural network 
exist in the GSM network positioning in this paper, 
this paper proposes a GSM network location model 
based on self-adaption and error correction BP neural 
network.

The defects of positioning based on neural net-
work

The BP neural network is composed of input layer, 
hidden layer and output  layer. The discrete time series 
of N  sample set
{ }( ( ), ( )) , , 1, 2, ,m nx t y t x R y R t N∈ ∈ =  , BP network 
can complete the highly nonlinear mapping from 
input to output, we can find some kind of mapping: 

: m nF R R→ , all the samples are divided into training 
samples 1φ and testing samples 2φ :

{ }1 1 1( ( ), ( )) , , 1, 2, , ,m nx t y t x R y R t N N Nφ = ∈ ∈ = ≤ (1)

{ }2 1 2( ( ), ( )) , , 1, 2, ,m nx t y t x R y R t N N Nφ = ∈ ∈ = + +  (2)

Using 1φ  to establish a mapping relationship first, 
and then make sure if the network can give correct 
input – output to 2φ , if it can, we say that the mo-                  
del can be used in practice to forecast. For such time 
series mapping building, we can use the three layers 
BP neural network whose input nodes is m , output 
node is n , hidden nodes is p  to realize. The rela-
tionship between the network's input and output are 
as follows:

1 1

ˆ ( ) ( )
p m

k jk ij i j k
j i

y t f w x t rυ θ
= =

 = • • + +  Σ Σ
                (3)

Among them, 

1
1( ) . 1, 2, , , 1, 2, , ,

1 ixf x k n t N x
e−= = =

+
 

 
is the input of the network, ˆky is the output of the 
network, ijw  is the weights of input layer node j to 
the output layer node k , jθ as the threshold of hidden       
layer node kr , kr is the threshold value of output node 
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k , f  is the activation function. Set network total               
error is less than 1ε , then:

[ ]
1 2

1 1
1 1

1 ˆ( ) ( )
2

N n

k k
t k

E y t y t ε
= =

= − ≤ΣΣ                       (4)
A test sample average error is less than 2ε , there 

are:

[ ]
1

2
2 2

11

1 ˆ( ) ( )
N n

k k
t N k

E y t y t
N N

ε
= =

= − ≤
− Σ Σ                 (5)

The learning process of BP algorithm is based on 
the gradient descent method to implement the cor-
rection of network connection right (weights and              
thresholds), make the network error sum of squares 
is minimal. First of all, give a set of networks ini-
tial connection randomly, and from the input layer 
to enter the training sample, step by step processing 
through hidden layer to output layer. If the actual out-
put and desired output error of output layer is big-
ger than the setting standard error, then propagate the             
error signal along the original path back, and revised 
the original right of network connection, making the 
error smaller. After repeated adjustment of network 
connection rights until the network global error is less 
than the set value or training number reach to the pre-
set values, the entire training process is over. To get 
a group of good connection right, further input test 
samples, if the error is less than the set error, then the 
network can be applied in practice.

By using the BP neural network algorithm to the 
GSM network positioning, the positioning result is 
shown in the following figure.

Figure 1. The results based on the GSM network 
positioning BP neural network

It can be seen from the diagram, when using the 
basic BP neural network algorithm for GSM network 
positioning, there is a big error, so this article carries

on the optimization.
Neural network based on Self-adaption and            

error correction 
The neural network error correction
In order to accelerate the convergence and prevent 

oscillation, this paper introduced a momentum factor
α :

0 0 0 0 0( 1) ( ) ( ) ( ) ( )w n w n n d n w nη α+ = + + ∆             (6)
α is the momentum, it is usually a positive num-

ber. 
Among them, the third is the change of a moment 

weight on memory, and the changing direction in the 
moment 0( )n is the combination of the direction in the 
moment 0( 1)n − and 0( )n .

0 0 0 0 0
0

0
0 0 0 0

0

( 1) ( ) ( ) ( ) ( )
( )

( 1)
( ) ( ) ( ) ( 1)

( )

w n w n n d n w n
n

n
w n n d n d n

n

αη
η

αη
η

η

 
+ = + + ∆ 

 
 −

              = + + − 
  (7)

The type is similar to the conjugate gradient 
method formula, but 0( 1)d n − and 0( )d n  are not 
conjugate, and 0 1α< < , it is recommended that 
when 0( )nη makes adjustment, if ∆Ε > 0 , η  becomes 
smaller, make 0α = , and then adjusting to the increase                                                                                          
ofη ,α  recover to 0.

Regularization method is the first step in changing 
the error function, the original error function is the 
sum of the squares of the network for training mode, 
namely:

2 2

1 1

1 1( ) ( )
N N

i i i
i i

F mse e t a
N N= =

= = = −Σ Σ
                   (8)

Here N is the training mode logarithmic, it  is the 
network expected output, ia  is network actual output. 
Now the error function is revised as follows:

(1 )msereg mse mswγ γ= ⋅ + −                              (9)
Here γ is error coefficient, msw is the average of 

sum of squares of all network weight, then
2

1

1 N

j
i

msw w
N =

= Σ                                                   (10)
As you see, through the adoption of a new perfor-

mance index function, we can guarantee the network 
with smaller weights    under the condition of  net-
work training error is as small as possible , even the 
network effective weight is as less as possible, this 
effectively automatically reduces the size of the net-
work.

Convergence speed optimization
This paper also uses vector differentiated, dyna- 

mically adjust the connection weights between diffe- 
rent nodes, and improve the adjustment efficiency of 
the weight, speed up the convergence rate of the error
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function. Improved BP neural network, a new                  
method of algorithm implementation process are de-
scribed below, back propagation parameters is shown 
in figure 2.

Figure 2. Improved algorithms propagation mechanism

The threshold of BP neural network can adjust to-
gether as weights, and include it in the weight matrix, 
setU as the weights matrix from input layer to hid-
den layer, V as the weights matrix from hidden layer 
to output layer. X is the input vector of the network, 
Y is the output vector of the network, M is the total 
number of samples, ( )f ⋅ is the activation function of 
BP neural network, yd is the expected output of the 
network. Then:
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Using new adaptive algorithm to improve the BP 

neural network, there is no change in the propagation 
process of network:

1( ) (1 )xf x e α− −= +                                             (14)
1

1

( )
I

j mi ij
i

Y f x u
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=

= ∑
                                              (15)
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=
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Set ( )W n as the weight matrix of the n th research 
of BP neural network, *( )W n is the reverse weight 
matrix of ( )W n , The network's initial weights matrix 
and initial reverse weight matrix can be expressed 
as (0)W and *(0)W . When adjust the weight *W , set 

( )iw n  as the numerical value of the n th research of 
iw , ( )i nη as the learning rate of the n th research of 
iw .

If ( )W n  is positive spread stage, it can meet the 
learning termination conditions

( )E n e≤                                                           (18)
In the equation, ( )E n is the n th learning error of 

network, e  is the preset value accuracy, then ( )W n  is 
the optimal weight matrices.

If it is not meeting the learning conditions, the BP 
neural network gets into the reverse adjustment phase 
of error. To clearly illustrate the  back propagation 
process  of new  algorithm, now making any weight 

iw  in reverse order weights matrix *W as an example, 
the adjustment method is as follows:

If the gradient of iw is 0, 0
i

E
w

∂
=

∂ . And adjust next 
weight 1iw + , the method of adjustment is as same as 
adjusting iw .

If the gradient of iw is not 0, 0
i

E
w

∂
≠

∂ . In the n th 
learning, according to equation (19) and (20) to cal-
culate the new weight.

( ) ( )i iw n n ∂
∆ = −

∂                                          (19)
( 1) ( ) ( )i i iw n w n w n+ = + ∆

                             (20)
If ( 1)iw n + is according to the forward propagation 

calculation, better than ( )iw n  (The error value get 
small),then:

( ) 2 ( )i in nη η× ⇒                                              (21)
Then along ( )iw n the negative gradient direc-              

tion , according to a new study recalculated rate                                                                                                           
( )i nη . First , obtain a new weight (1) ( 1)iw n + , If 
(1) ( 1)iw n + calculated by the forward propagation                        

error is less than ( 1)iw n + , then press (21) contin-
ues to increase learning rate. Then , according to 
the new learning rate backpropagation obtained 
weights (2) ( 1)iw n + , If (2) ( 1)iw n +  is still better than                                                                              

(1) ( 1)iw n + , continue to increase learning rate. If the 
weights ( ) ( 1)m

iw n +  calculated 1m + times is not as 
good as ( 1) ( 1)m

iw n− + , then let:
( 1)( 1) ( 1)m

i iw n w n−+ = +                                      (22)
( 1)( ) ( )m

i in nη η −=                                                (23)
If ( 1)iw n +  is calculated by forward propagation, 
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not superior ( ie, error value increases ), then let:

( ) / 2 ( )i in nη η=                                                 (24)
Then along the negative gradient direction                   

( )iw n , according to the new learning rate ( )i nη  re-
calculate ( 1)iw n + . If new ( 1)iw n +  is not as good as 

( )iw n , then press (24)continues to decrease learning 
rate ( )i nη . As long as the corresponding gradient of 

( )iw n  is not 0 , according to this calculation method 
, will be able to find a different ( )iw n  from ( 1)iw n + , 
making ( 1)iw n +  is superior ( )iw n .

According to the ( 1)iw n +  calculation method ,                 
adjust the connection weights of all nodes again, that 
is called the completion of a learning. So we will get 
a new weight matrix ( 1)W n +  and reverse weight ma-

trix *( 1)W n + , Analyzing whether the iteration termi-
nation condition (18) are satisfied. If so, then ( 1)W n +   
is the optimal weight BP neural network weights. If 
not , starting from *( 1)W n + , repeat the above calcu-
lation steps until the iteration termination condition 
is satisfied.

Algorithm simulation
In order to verify the effectiveness of the improved 

algorithm proposed in this paper , we will do simu-
lation experiments. Within a two experimental area, 
algorithm GSM network positioning test of standard 
BP neural network algorithm and improved BP neural 
network. The results are as follows :

Figure 3. Positioning the test results on the 1st test area Figure 4. Positioning the test results on the 2nd 
experiment area

Figure 5. Two algorithms convergence speed comparison 
results

As can be seen from the simulation results, the       
improved BP neural network algorithm proposed in 
this paper has a good GSM network positioning accu-
racy and faster convergence.

Conclusion
Now the positioning accuracy of GSM network po-

sitioning technology is still far cannot meet the needs 
of the user, the low accuracy of the positioning will 
greatly restrict the business development which is re-
lated with location services LBS. Therefore, the fur-
ther research of the GSM network positioning tech-
nology is very necessary. In view of the defects of the 
basic BP neural network algorithm in the application 
of the GSM network positioning, this paper presents 
a GSM network location model based on self-adap-
tion and error correction BP neural network. Simula-
tion experiments show that the improved model has              
higher precision and faster convergence speed, it has
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good application effect.

Acknowledgements
Henan province science and technology develop-

ment plan in 2014(No. 142102210468).
       References
1.	 Y J Li (2012) Remote Object Wireless Moni-           

toring System Based on Beidou and GPS and 
GSM. Science Technology and Engineering, 
20(14), p.p.3360-3372.

2.	 B X Liu (2012) Design of Transportation Ve-
hicle Positioning and Communication System 
Based on GSM. Logistics Technology,31(9), 
p.p.405-407.

3.	  H J Wang (2011) Signal Processing Algorithm 
of Locating GSM  Mobile Station with TDOA. 
Telecommunication Engineering, 51(7), 
p.p.55-59.

4.	 F F Cui (2014) Design and Implementation 
of Real-time Location of Wireless Terminal 
for Intelligent Map. Bulletin of Surveying and 
Mapping, No.11, p.p.21-24.

5.	 X G Shao (2014) Automated Vehicle License 
Identification System of Mobile Telephone 
Based on GSM and Image Processing Tech-
nology. Microelectronics & Computer, 28(10), 
p.p.125-128.

6.	 X C Xu (2014) Design and implementation of 
terminal location LBS system. Science of Sur-
veying and Mapping, 36(3), p.p.193-194.

7.	 C Y Qu (2014) Design of vehicle monitoring 
system based on combination localication 
technology. Computer Engineering and De-
sign, No.16, p.p.3580-3583.

8.	 X Wang (2014) TDOA technology application 
analysis in GSM and CDMA network. Journal 
of Natural Science of Heilongjiang University, 
No.3, p.p.403-407.

9.	 P C Zhang (2014) Research on Dual Base Sta-
tions Allocation Optimization for Passive Ra-
dar Based on GSM Signal. Instrument Tech-
nique and Sensor, No.7, p.p.46-47.

10.	 J He (2014) Study on Freeway Incident De-
tection Using Integrated Wireless Position-
ing Terminal. Journal of System Simulation, 
No.12, p.p.3828-3832.

11.	 H Wang (2014) Signal fringerprint wireless lo-
cation method assisted with bluetooth network 
formation for GSM. Journal of Computer               
Applications, No.11, p.p.2894-2896.

12.	 L Xu (2014) Design and Implementation of 
Shipboard Position Test System Based on GPS 
and SMS. Aerospace Contro, No.3, pp.90-93.


