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Abstract-- In a wireless communication system, wireless location is the technique used to estimate the location of 
a mobile station (MS). To enhance the accuracy of MS location prediction, we propose a novel algorithm that 
utilizes time of arrival (TOA) measurements and the angle of arrival (AOA) information to locate MS when three 
base stations (BSs) are available. Artificial neural networks (ANN) are widely used techniques in various areas to 
overcome the problem of exclusive and nonlinear relationships. When the MS is heard by only three BSs, the 
proposed algorithm utilizes the intersections of three TOA circles (and the AOA line), based on various neural 
networks, to estimate the MS location in non-line-of-sight (NLOS) environments. Simulations were conducted to 
evaluate the performance of the algorithm for different NLOS error distributions. The numerical analysis and 
simulation results show that the proposed algorithms can obtain more precise location estimation under different 
NLOS environments. The design of modern wireless networks, which involves decision making and parameter 
optimization, is quite challenging due to the highly dynamic, and often unknown, environmental conditions that 
characterize wireless networks. The role of using neural networks for wireless-communication engineering has 
been gaining momentum. Although it has been used for a variety of purposes and in different ways, the basic 
purpose of applying neural networks is to change from the lengthy analysis and design cycles required to develop 
high-performance systems to very short product-development times. In particular, NNs are especially popular for 
tasks involving classification, learning, or optimization. In this paper, we provide both an exposition of common 
neural networks models and a comprehensive survey of the applications of neural networks in wireless networks 
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I. INTRODUCTION 
 

The simplified block diagram of a cellular phone communication would be show in Figure 1. The voice coming 
from the phone speaker (analog signal) has to be digitalized to be transmitted through the wireless network, and 
this is the task of an Analog/Digital converter. The digitalized voice then has to be compressed to reduce bit rate 
and bandwidth. It is also codified, to format the data so the receiver can detect and minimize errors by doing the 
reverse operation. Location estimation of mobile users in cellular phone networks is becoming more prominent as 
the number of emergency calls originating from mobile stations (MS). There are number of different radio 
frequency based techniques that can be used for wireless position location. The implementation of various 
Artificial The objective is, how efficiently the problem of tracking a Mobile station (MS) based on some parameters 
has been of interest for some time. Many Wireless Location techniques have been used in recent years. 
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Figure 1 simplified block diagram of a cellular phone communication 
 

Some of them are Time of Arrival (TOA), Angle of Arrival (AOA), Time of Difference Arrival (TDOA), Received 
Signal Strength (RSS), Hybrid TOA/AOA. Among them TOA is most widely used technology for Location Estimation 
of Mobile Station (MS). The accuracy of the location estimation in wireless communication vastly depends on the 
propagation conditions of the wireless channels. The Non-line-of-sight (NLOS) greatly affects the accuracy of MS 
location estimation. Precise position accuracy can be achieved if LOS propagation exists between the MS and each 
participating Base Station (BS). But LOS paths are usually available in urban and suburban areas. Different 
reflection and diffraction between the MS and BSs results in NLOS propagation. Due to NLOS propagation, there 
are biases in time and angle measurement. So, it is very necessary to remove NLOS error before applying the time 
and angle measurement in location estimation and tracking. 
 

II. REVIEW OF LITERATURE 
2.1 Time of Arrival Location Estimation Approach (TOA) 
Available measurements are either network-assisted or mobile-assisted, using uplink or downlink information. 
TOA technique Position estimation by the triangulation is based on knowing the distance from the mobile to at 
least three base stations in the line of sight (LOS). Subtracting the TOA measurements from the two BS’s. The base 
station determines the time signal takes from the source to the receiver either on the uplink or the downlink. We 
must need at least 3 Bs’s to estimate position. Suppose the coordinates for BS1, BS2, BS3 are (X1, Y1), (X2, 
Y2)=(X2,0), and (X3,Y3) respectively. Then the distance between one of the base station and the MS can be written 
as follows: 

 
2.2 Range-Scaling Algorithm (RSA) 
Range scaling algorithm (RSA) is proposed, based on a nonlinear object function, to solve an optimization problem 
under three TOA measurements. It does not need to make a distinction between the NLOS and the LOS BSs. Since 
the NLOS error is always positive, the constrained nonlinear optimization algorithm utilized the bound of the 
NLOS error from the geometry obtained by the cell layout and range circles for only three BSs. This algorithm 
utilizes the relationships drawn from the geometry of the BSs and the bound on the NLOS error to compute the 
value of the scale factors. The scale factor can be estimated by scaling the NLOS-corrupted range measurements to 
approach the true TOA value. 
2.3 BPNN Algorithm 
The ANN is an information processing system inspired by the ability of human brain to learn from observations 
and generalize by abstraction. The system employs a set of activation functions and input-output of sample 
patterns, and it does not require a priori selection of a mathematical model. Actually, the neural network can be 
trained for totally different applications, and it has been used in diverse fields. A BPNN is one of the most 
frequently utilized ANN techniques for learning both linear and nonlinear functions. An ANN is composed of 
nonlinear computational units called neurons. Basically, BPNN is a neural network that uses a supervised learning 
method and feed-forward structure for computer learning and modeling. 
2.4 LM Algorithm 
The LM algorithm not only has the fastest convergence but also train a neural network 10–100 times faster than 
the BPNN algorithm. 
Another advantage of this algorithm is especially useful when a very accurate training is required. It is an 
approximation to the Newton’s method and like the Quasi-Newton methods, the LM algorithm can approach the 
second order training speed without having to compute the Hessian matrix. Therefore, it is a widely used 
advanced optimization algorithm that outperforms the steepest descent algorithm. Hence, the LM algorithm 
provides a good compromise between the speed of Gauss-Newton and the guaranteed convergence of the steepest 
descent methods. Thus LM is much faster and more powerful than the gradient descent algorithm. 
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III. RESULTS AND DISCUSSION 
 

First, an attempt was made to compare all the 4 protocols under the same simulation environment. However, 
simulations couldn’t be successfully carried out for the TOA routing algorithm, as matlab repeatedly gave a bus 
error while running the TOA simulations. The simulation results bring out some important characteristic 
differences between the routing algorithms. The presence of high mobility implies frequent link failures and each 
routing protocol reacts differently during link failures. The different basic working mechanism of these protocols 
leads to the differences in the performance. Range-Scaling Algorithm maintains only one route per destination and 
consequently, each packet that the MAC layer is unable to deliver is dropped since there are no alternate routes. 
BPNN Algorithm maintaining routing information, it is not as adaptive to the route changes that occur during high 
mobility. In contrast, LM Algorithm to build the routing information as and when they are created make them 
more adaptive and result in better performance. 
 

IV. CONCLUSION 
In this paper, we propose different neural network algorithms for location estimation of Mobile Station (MS) based 
on Time of Arrival (TOA) in presence of NLOS errors and compare the performance of algorithms in terms of RMS 
error for both training and testing data. After the efficient training, the proposed algorithm can reduce NLOS error 
and one can obtain more accurate position estimation.  In future, many other efficient neural network algorithms 
can be used for different purposes in wireless communication 
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