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ABSTRACT  

 Location based services are gaining more attention and several studies are carried out to 

create innovative and new applications that will make it easier to improve our life style. 

Those services needs positioning techniques with more accuracy, availability and simple 

implementation.  In this paper, we are interested in UTDOA (uplink time difference of 

arrival) approach to determine the location of  a Mobile Station within an acceptable accuracy 

and respect of emergency cases. The comparative study carried out in our work focus on the 

performances of three different type of controlling algorithms for adaptive filters applied to 

the UTDOA method in two different propagation environments (outdoor/indoor). The 

enhancement of this method is performed under  MATLAB software, to compare the 

advantages, drawbacks, and efficiency in emergency calls even with legacy phones of the 

different algorithms. 

keywords: Positioning, UTDOA, Location, adaptive filters, cross correlation, RLS, LMS, 

NLMS, emergency calls. 

 

 

INTRODUCTION 

 

Positioning methods based on cellular networks are now gaining more interest thanks to 

their accuracy, availability and performance in emergency cases [1]. Among these 

techniques we can find three categories, which are the following [2] :  

 

       Network-based:  The network measures all data needed for the handset’s 

approximate location and calculates the position of the handset. The handset is passive in 

the whole progress. 

 



International Journal of Emerging Trends in Engineering and Development           Issue 5, Vol.1 (Dec.-Jan 2015)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 
 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 144 
 

       Handset-based:   The handset measures the data needed for its approximate 

location and calculates its own position on its own out of this data. for this category a 

client software must be installed to receive the measurements and estimate the mobile 

location. 

       Hybrid positioning:  In hybrid positioning, the network and the handset work 

together to first measure and then calculate the device’s position, other technologies such 

as GPS can be used in this mode.  

 

To have a full operability of our approach and to take on consideration legacy phones, 

in emergency calls, we are interested in the second type which depend totally on the 

network computing power and this allows us to implement more complex algorithms  for 

better performances. 

 

Uplink Time Difference Of Arrival (UTDOA) is a time based method to estimate the 

mobile station's location [3]. this technique is well known by its accuracy. the user's 

position is calculated using the propagation times between the mobile and more than one 

base station, knowing the propagation speed, we can easily determine the distance mobile-

base station and so the searched coordinates of the user. 

 

In the following sections,  we will first present the concept behind the uplink time 

difference of arrival positioning technique. Secondly we will show the principle of 

adaptive filters with three different algorithms LMS (Least Mean Square) , NLMS 

(Normalized Least Mean Square) and RLS (Recursive Least  Square) then the results of 

their use in the positioning process under MATLAB software. 

 

I. UPLINK TIME DIFFERENCE OF ARRIVAL POSITION ESTIMATION 

It is a real time locating technology for mobile phone networks that uses multilateration 

(hyperbolic positioning) based on timing of received signals. Location Measurement Units 

(LMUs) are co-located at the Base Stations (BSs) to calculate the time difference 

measurements used to determine the location of a mobile phone. The technique is a 

network-based location technology, so it can locate any phone. It can also locate any 

phone in any environment – including indoors and in urban areas with tall buildings. The 

accuracy is within 50 meters. Typically, the time to first fix is about 6 or 7 seconds in 

GSM and about 10 or 11 seconds for UMTS [4].  

 

The time of arrival of an MS (Mobile Station) signal can be defined according to one or 

multiple base stations, simple measurement coming from one BS cannot be accurate and 

need a high synchronization  between the BS and MS clocks which require expensive 

changes on the handset (not suitable for emergency cases with legacy phones); so instead 

of time of arrival we are interested in time difference of arrival between two base stations 

with known coordinates (xi , yi).  
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For hyperbolic lateration, the mobile terminal’s position is determined by the distance 

differences (di -dj) instead of the absolute distance d . A hyperbola is defined to be the set 

of all points for which the difference from two fixed points is constant [5]. Then two BSs 

with known locations determine a hyperbolic curve. The intersection of two hyperbolic 

curves can determine a unique point. Therefore, three BSs are required to locate a mobile 

terminal in 2D coordinates. The mobile terminal’s position (x, y ) can be derived from 

equation (1) : 

 

 
d2 − d1 =  (x2 − x)2 + (y2 − y)2 − (x1 − x)2 + (y1 − y)2

d3 − d1 =  (x3 − x)2 + (y3 − y)2 − (x1 − x)2 + (y1 − y)2
                                (1) 

 

knowing that the speed of  propagation is estimated to be c = 3.108 ms-1, we can 

replace the distances in (1) with their corresponding times according to the following 

formula c =
di

ti
 . After some simplification we can write the previous equations in the 

form: 

                  
x2

a
−

y2

b
= 1                                                                                                 (2) 

 

which describes an hyperbolic form of our curves. The figure 1 shows the results of a 

hyperbolic lateration with three base stations to determine the location of an MS. 

 

Fig 1: Time Difference Of Arrival  hyperbolic solution 
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This method has been chosen, firstly,  because the cellular signals can arrive at almost 

everywhere which make it more available than satellite signals, then among those 

techniques based on these signals we prefer to work with the network based positioning 

approach so the legacy phones can be taken into consideration when treating emergency 

cases. Finally, UTDOA is the best network based method in term of accuracy compared to 

other solutions as shown in the table 1 [6]. 

 

Positioning techniques Accuracy Precision 

Cell ID 526m 95% 

Cell ID+TA 80m-800m - 

Angle of Arrival 100m-200m - 

Time Difference of Arrival 624m 95% 

Uplink TDOA <50m 96% 

Pilot Correlation Method 80m 67% 

Observed TDOA 97m 67% 

Enhanced Observed TD 80m-110m - 

GPS 5m-30m - 

Assisted GPS 15m-100m - 

Table 1: accuracy and precision in urban area 

 

II. ADAPTIVE FILTERS 

 

When we try to estimate the time difference of arrival, a cross correlation is performed 

between the same signal received at two different BSs one of them should be the currently 

serving BS. a peak detection correspond to the searched time value. The sent signal s[n], 

from MS to a pair of BSs spatially separated, is received with an additive n[n] term which 

represent the noise due to signal propagation. the received signal to the ith BS is defined 

as: 

                                          ri n = Ais n − τi +  ni[n]                                                    (3) 

 

where τi is the time of arrival and Ai is the amplitude of signal related to the ith base 

station. so the received signals at BS 1 and 2 are respectively: 
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                                         r1 n = A1s n − τ1 + n1[n]                               (4) 

                                         r2 n = A2s n − τ2 +  n2[n]                                                  (5) 

  

Considering that BS 1 is the one actually the MS is connected to, so it has the shortest 

time of arrival then the received signal equation can be rewritten as: 

 

                                         r1 n = s n + n1[n]                                                                (6) 

                                         r2 n = A s n − τd +  n2[n]                                                    (7) 

  

where τd =  τ2 − τ1 is the searched time difference of arrival between the two base 

stations and A is the amplitude ratio.  To be able to determine an estimation of TDOA we 

have to perform the cross correlation for received signals r1 and r2, the form of cross 

correlation equation is given as: 

 

                                            Rr1,r2
 k =  r1 n  r2[n − k]+∞

n=−∞                                          (8) 

 

where k is the estimation of TDOA which correspond of detection of a peak. the 

conventional Cross correlation's block diagram is shown in figure 2. 

 

 
Fig 2: Cross Correlation block diagram 

 

As shown in the modeling equations of the received signal an additional term referring 

to the propagation noise is attached to every version of this signal, and this term will affect 

the precision of time difference measurements if we perform the cross correlation directly. 

From here came the idea of pre-filtering the received signal with adaptive filters before the 

cross correlation so we can minimize the noise effect to have more accurate position 

[7][8].   

 

Adaptive filters are a class of recursive signal or parameter estimation methods that 

appear in many signal processing and communication systems for applications such as 

system identification, channel equalization, echo cancellation, noise reduction, radar/sonar 

signal processing, the tracking of the position and velocity of objects or vehicles e.g. in 

GPS systems, computer vision, beam-forming, space-time signal processing in mobile 

communication audio coding and video coding. They iteratively alter their characteristics 

in order to achieve an optimal desired output [9]. Figure 3 shows a block diagram of the 

adaptive noise cancellation system.  

 

 

Cross Correlation Peak detection 
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Fig 3: Adaptive filter's block diagram 

 

The coefficients of the filter are algorithmically adjusted after each iteration by the 

adaptive algorithm.  Next we will introduce three types of these algorithms that are 

included in our simulation to determine the best one serving our needs.  

 

III. CONTROLLING ALGORITHMS 

 

In order to update the filter coefficients and control its convergence rate we need a 

controlling algorithm which can perform these tasks. In this category of algorithms we 

distinguish three types: 

 

3.1. Least Mean Square (LMS) Algorithm 

 

  The LMS algorithm [10], is a type of adaptive filter algorithm that is also known as 

stochastic gradient-based algorithm as it utilizes the gradient vector of the filter tap 

weights to converge on the optimal wiener solution. With each iteration of the LMS 

algorithm, the filter tap weights of the adaptive filter are updated according to the 

following formula: 

 

                                         w n + 1 = w n + μ e n  r(n)                                               (9) 

 

where 

 wn=[w1  w2 .......  wN]T  the coefficients vector of the adaptive FIR filter at time n.  

 e(n)  is the error signal. 

 r(n)  is the received noisy signal at the base station. 

 μ      is the filter's step size. 

 

The parameter μ, known as the step size parameter, is a small positive constant. This 

step size parameter controls the influence of the updating factor. Selection of a suitable 

y[n] 

e[n] 

r [n] 

- 

+ 

 

noise n [n] 

signal s [n] 

+ 
+ 

z-∆ Linear 

predictor 

Adaptive 

algorithm 
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value for μ is imperative to the performance of the LMS algorithm, if the value is too 

small the time the adaptive filter takes to converge on the optimal solution will be too 

long; if μ is too large the adaptive filter becomes unstable and its output diverges. 

 

3.2. Normalized Least Mean Square (NLMS) Algorithm 

 

In the standard LMS algorithm, when the convergence factor μ is large, the algorithm 

experiences a gradient noise amplification problem. In order to solve this difficulty, we 

can use the NLMS (Normalized Least Mean Square) algorithm.  The correction applied to 

the weight vector w(n) at iteration n+1 is “normalized” with respect to the squared 

Euclidian norm of the input vector r(n) at iteration n. We may view the NLMS algorithm 

as a time-varying step size algorithm [11], calculating the convergence factor μ as  

 

                                         μ =
α

c+ r(n) 2
                                                                  (10) 

 

 Where: α is the NLMS adaption constant, which optimize the convergence rate of the 

algorithm and should satisfy the condition 0< α<2, and c is the constant term for 

normalization and is always less than 1. In NLMS algorithm, the filter weights are updated 

by the equation 

                               w n + 1 = w n +
α

c+ r(n) 2  e n  r(n)                                         (11) 

 

 

3.3. Recursive Least Square (RLS) Algorithm 

 

The recursive least square error (RLS) filter is a sample-adaptive, time-update, version 

of the Wiener filter [12]. For stationary signals, the RLS filter converges to the same 

optimal filter coefficients as the Wiener filter. For non-stationary signals, the RLS filter 

tracks the time variations of the process. The RLS filter has a relatively fast rate of 

convergence to the optimal filter coefficients. This is useful in applications such as speech 

enhancement, channel equalization, echo cancellation and radar where the filter should be 

able to track relatively fast changes in the signal process. 

 

Unlike the LMS filter, who updates the coefficients by single parameter μ, the recursive 

least square algorithm perform this update by a vector k(m) called the Kalman gain vector 

[12], and the corresponding equation is given by  

 

                                 w n = w n + 1 + k n  e(n)                                                      (12) 

 

Where:  

                            k n =
Mrr

−1 n−1  r(n)

1+rT n  Mrr
−1 n−1  r(n)

                                                     (13) 

and  



International Journal of Emerging Trends in Engineering and Development           Issue 5, Vol.1 (Dec.-Jan 2015)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                  ISSN 2249-6149 
 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 150 
 

                  Mrr (n) =   r  n N−1
n=0 rT n                                                            (14) 

Is the autocorrelation Matrix of the noisy signal r(n). 

 

IV. RESULTS AND DISCUSSION 

 

In order to investigate the performances and the influence that each algorithm has on 

our approach, we did computer simulation in MATLAB software, using the DSP and 

signal processing toolboxes, to build conventional  UTDOA block and those of LMS, 

NLMS and RLS filters. To perform this simulation we consider the sent signal to be a sin 

wave described by the form 

 

                                                       s n = A sin(2πfsn + φ)                                           (15) 

 

where we set A= 4 is the amplitude, fs = 1 KHz is the signal frequency and φ = 0 is the 

phase as simulation parameters of the signal. 

The filters parameters used in this simulation are as following:  

 

filter order   25 

step size  µ = 0.15 

iterations  350 

constant  c=0.03 

 

The channel between the MS and each BS is assumed to follows the COST-231 model 

(i.e. multipath Rayleigh fading with PN paths and inductive amplitude) in outdoor 

environment and the Log-Distance model in indoor cases [13]. The noise component is an 

additive white Gaussian noise (AWGN) so the received signal at the ith base station can be 

modeled by the equation (16) 

 

                                           ri n =  Aij  s[n − τi]
PN
j=1 + ni[n]                                          (16) 

                       

Accuracy of a positioning technologies is a measure that defines how close the location 

measurements are to the actual location of the mobile station being located. Basically, the 

closer the measured location is to the true location the more accurate the measurement is.       

According to [14], in evaluating the accuracy of a positioning device, one has to consider 

how many location measurements are made, how location measurements are scored and in 

what form the results are presented. A widely used score function in accuracy evaluation 

of multiple location measurements is the Root Mean Square Error (RMSE) [15], where 

RMSE is defined as: 

 

                         RMSE =  
1

N
  xmeasured  k − xtrue  2N

k=1                                             (17) 

 

Where N the number of measurements in the set and k is the index of the measurement.  
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4.1. Simulated network structure 

 

Before starting the positioning process of our mobile station we need to model the 

cellular network structure where the MS exist. In our case a set of 7 cells is chosen to carry 

on this work as shown in figure 4, the radius of each cell is 1000 meters and the small 

triangles in the center refer to the corresponding Base Station. The MS true position is 

fixed to a known coordinates (800,400). the covered area by this structure is estimated to 

be 25 Km2. 

 

Fig 4:  7 cells network structure. 

 

4.2. Root mean square error's cumulative probability for outdoor environments 

 

In figure 5, we investigated the cumulative probability of different RMSEs of the  

standard UTDOA and the three algorithms mentioned earlier. It can be clearly seen that 

the positioning error has been hugely reduced by applying the adaptive filters to  the 

localization method.  according to the FCC's requirements for E911 location services the 

RMSE of the proposed approach should be less than 100m in 67% of cases, this criteria is 

fulfilled at respectively 55%, 68%, and 75% of cases for LMS, NLMS and RLS filters 

while the same condition can be achieved at  only 15% for the conventional UTDOA. 
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Fig 5:  RMSE cumulative probability for outdoor  areas. 

4.3. Root mean square error's cumulative probability for indoor environments 

 

In figure 6, as shown for outdoor areas earlier, the cumulative probability of different 

RMSEs of the  standard UTDOA and the three algorithms mentioned is investigated.  

 

Fig 6:  RMSE cumulative probability for indoor  areas. 
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We can see a similar behavior  to the outdoor case (great improvement in the difference 

between the estimated and the actual position of the MS) .  As for the FCC's requirements 

for E911 location services , it was achieved  at respectively 40%, 66%, and 70% of cases 

for LMS, NLMS and RLS filters while the same condition is fulfilled at  only 10% for the 

conventional UTDOA. 

 

4.4. Multipath : 

 

Figure 7 look into the effect of the paths number in the multipath  propagation channel 

on the accuracy of the proposed positioning methods. 

 

Fig 7:  Multipath effect on RMSE 

 

As discussed before, based on equation (16), having more  paths  introduces a high 

degradation of the received signal quality, then the position accuracy is worst. despite 

having the same number of signal's paths, the conventional UTDOA is more influenced 

than the LMS, NLMS and RLS-UTDOA techniques. it is noticed that the adaptive filtering 

compensates the noise and multipath effect on the measurements precision. 
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CONCLUSION 

 

As shown in the study carried out through this paper, adaptive filtering can increase 

enormously the accuracy of UTDOA technique for two different environments 

(Outdoors/Indoors) , and compensate the degradation caused by the propagation noise and 

multipath. In our case the enhancement was investigated in a fixed and known mobile 

position, for future work, this technique can be generalized to take in charge the mobility 

of the MS according to an already known path or an arbitrary one, then  associated with 

GPS to develop a hybrid robust positioning  solution. 
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