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Abstract 

Recently, the time difference of arrival (TDOA) based position determination technique is 

broadly used in many kinds of real time locating systems. In contrast with other position 

determination methods, TDOA based localization technique has the strength that it is 

unnecessary to synchronize the time between each receivers. With at least three receivers 

which we know their position, we can obtain TDOA solution. In a position determination 

problem including TDOA method, the accuracy of the estimated position is one of the 

significant factors. In this paper, in order to compensate measurement error due to time delay 

of signal propagation, the recursive least square (RLS) method is used. The RLS method is an 

iterated technique of least square (LS) method. The accuracy and calculation speed of 

estimated solution are improved through this algorithm. Simulation results show the 

performance of the proposed algorithm. 
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1. Introduction 

The position determinate method is used in many types of modern location based 

services such as wireless communication, social network service, navigation and 

augmented reality platform. The global positioning system (GPS) is the most widely 

used location system. However, GPS has a limitation to estimate accurate position of 

target since GPS signal can be disturbed easily by jamming. Moreover, due to the 

limited condition of GPS which necessarily uses a satellite signal, it is difficult to 

estimate a precise position of target in downtown or indoor environment [1-3]. 

Recently, position determination technique using TDOA method has been used broadly 

as it uses time difference of signal arrival from target to fixed receivers. The strength of 

TDOA based localization method is that it is unnecessary to synchronize between 

receivers. Due to this characteristic, TDOA has been used extensively in real time 

locating systems [4-6]. We can obtain the TDOA signal by two methods. Firstly, we 

need to measure time of arrival (TOA) of signal between a target and each receiver. By 

subtracting TOA measurements from reference one, we can acquire the TDOA 

measurements. In order to apply this method, however, every receiver needs time 

synchronization. The second one is cross-correlation method of each received signal to 

derive TDOA signals [7]. 

In TDOA based position determination technique, the estimation of target’s accurate 

position is also a significant problem. To estimate the target’s accurate location, Chan 

[8] proposed a time of arrival (TOA) and TDOA based localization algorithm through 
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an approximate maximum likelihood method. Chan showed the performance of the 

proposed algorithm compared with Cramer-Rao lower bound (CRLB). Chiang [9] 

suggested Kalman tracking algorithm for heterogeneous wireless location systems for 

improving the accuracy of estimation. Zhu [10] proposed a particle filter to improve 

underground mine geolocation through UWB ranging. 

In this paper, we propose a TDOA based position determination of target using the 

RLS algorithm to compensate for the measurement errors from TDOA data. The RLS 

algorithm is an iterated technique of LS algorithm. This proposed algorithm provides  a 

rapid calculation speed even when we get additional TDOA data from each receiver. On 

the basis of this strength, we can treat much more TDOA data for the estimation of an 

target’s position. As the iteration process is increased, we obtain more precise position 

of target.  

This paper is organized as follows. Section 2 analyzes TDOA based position 

determination equation. In order to apply LS algorithm to a geolocation problem, a 

specific form of position determination equation is needed to formulate. In Section 3, 

we first obtain an LS solution of derived position determination equation. Then we 

explain a measurement noise compensation through RLS algorithm. The effectiveness 

of proposed algorithm is confirmed through some simulations in Section 4. Finally 

conclusion appears in Section 5. 

 

2. Position Determination by TDOA 

In this section, we derive the TDOA based position determination equation for 

applying RLS algorithm. If there are fixed receivers of which the location is supposed 

to be known, we can get TDOA data on the basis of specific receiver  [11]. TDOA 

method needs at least three receivers for applying RLS algorithm in two dimensional 

environments. When the TDOA data is available, we can derive the geolocation 

formulation of a target. We express the unknown position of a target which we try to 

estimate as  ,  
T

x yp and the known positions of receivers are represented as  ,  
i i i

T
x yr , 

{1,  2,  ,  }i M  
in two dimensional coordinates. We can obtain the TDOA 

measurement values as follows 
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where 
0

id  means the range from target to -thi receiver and c  is the propagation speed of 

signal. 1it  means the measured TDOA between -thi receiver and the first receiver. In 

this paper, the first receiver is reference receiver which computes the time difference of 

signal arrival. 0

id  means the calculated range difference between  -thi receiver and the 

first receiver.  In a real case, the measured TDOA data contains noise due to nonline-of-

sight (NLOS) problem [12]. TDOA data can be as following 
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Given 1M   noisy TDOA measurements, the unknown position of a target can be 

obtained by the following equations  
 

Ap h                                                                                    (3) 
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In equation (3), the vector p
 
is then the solution of the system equations.  denotes 

Hadamard process which multiplies vector elements with same array.  The measurement 

error in TDOA data of real environment causes that it has a difference between the 

estimated position and the true position of a target. In order to solve this problem, we 

propose the RLS algorithm in Section 3 [13].  
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Figure 1. Estimated Position of Target Using RLS Method 
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3. RLS Estimator for TDOA localization 

The RLS algorithm is an iterated method of LS algorithm. In order to apply the RLS 

algorithm to TDOA based position estimation, we need to obtain the LS solution. In this 

section, we derive the LS solution of the TDOA formulation which is obtained in 

Section 2. Based on LS solution, the RLS criterion is applied to a geolocation problem. 

When we get additional TDOA data set in each receiver, it is unnecessary to compute 

all over again by using the RLS technique [14-16]. 

 

3.1. Least Square Method 

The LS method is a procedure to determine what the best fit line is to the data. It 

means the overall solution which minimizes the sum of the squares of the errors 

resulted from every single equation. Equation (3) is overdetermined system since there 

are more equations than unknowns. Therefore, we can derive general LS solution of this 

equation as follows 
 

1ˆ ( )T TLSp A A A h                                                         (5) 

 

In equation (5), ˆ LSp
 
is the estimated location of target through the LS algorithm. The 

parameter A  is an 2M   matrix, therefore, the inverse matrix of parameter 
T

A A  exists. 

Using this equation, we derive an RLS solution in Section 3.2. 

 
3.2. Recursive Least Square Method 

In order to apply RLS criterion, we need to express system equation in a different 

form. Equation (3) can be rewritten as  
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represent the values 

which contain k  TDOA data. 1kA  and 1kh
 
are ( 1)-thk  TDOA parameters. Using 

( 1)k   TDOA data, the position of a target is obtained through the LS algorithm as 

follows 
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Using the equation (8), the equation (7) is rewritten as below 
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Since the term 
T

k k kS A h  in equation (9) can be denoted as ˆ kp , the equation (9) can be 

rewritten as follows 
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where 1kS  represents 
1

1 1( )T T

k k k k



 A A A A  due to the equation (8). Therefore, the 

equation (10) can be rewritten as 
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Equation (11) is the RLS solution of a position determination problem. We can 

derive the position of a target more rapidly through equation (11) when we receive 

additional TDOA data sets. In equation (11), ˆ kp  denotes the estimated position of target 

which is calculated at previous iteration by using k  TDOA data. kA  is the parameter 

based on information of k  data. These values were calculated by the previous 

-thk iteration. 1kA  and 1kh  are additional measured data. We can rapidly estimate 

the location of a target with previously calculated TDOA solution and additionally 

received information. 

 

4. Simulation Results 

In this section, we demonstrate the performance of a proposed position determination 

algorithm using RLS method through some simulations. In our simulation, the location 

of a target is estimated by using four receivers. The locations of each receivers are (0, 

0) km, (100, 0) km, (0, 100) km and (100, 100) km, respectively. In two dimension 

environment, at least three TDOA data are needed to obtain estimated position of target. 

If only three TDOA data are available, however, it is unnecessary to apply LS solution 

since the parameter A  in equation (3) has an inverse function. In a real case, each 

TDOA signal contains measurement noises. We assume that the measurement noises 

follow the Gaussian distribution with a variance of 0.1. We assume the signal 

propagation speed c  is 1 for simplifying the calculation. Figure 2 describes that the 

estimated trajectory using a proposed algorithm follows the true trajectory. The thin 

line means the true trajectory of a target, the thick line represents the estimated 
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trajectory using RLS method and the upward triangles express the receivers.  As shown 

in Figure 2, the estimated trajectory of a target is almost same with true trajectory.  
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Figure 1. Estimated Position of Target Using RLS Method 
 
The effectiveness of iteration process is confirmed in Figure 3 and 4. In Figure 3 and 

4, the measurement noises is assumed to follow the Gaussian distribution with a 

variance of 1 for verifying the performance in proportion to iteration number. Figure 3 

denotes each root mean square error (RMSE) of iteration #1, #3, #5 and #10, 

respectively. As shown in that figure, the more iteration is progressed, the higher 

performance of estimated position is obtained. 
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Figure 3. RMSE for Different Iterations 
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In Figure 4, the change of RMSE is shown depending on iteration increased. The solid line 

denotes the RMSE between true target position and estimated position using proposed RLS 

algorithm. As the number of iteration is increased, the RMSE converges to zero. Using RLS 

algorithm, the estimated position of a target can be easily updated. 
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Figure 4. RMSE Depending on Number of Iteration Increase 
 

5. Conclusion 

This paper introduces the TDOA based position determination algorithm through 

RLS method. This proposed algorithm can perform whether the target moves or stops. 

Moreover, when we obtain additional TDOA data from receivers, the proposed 

algorithm provides rapid computing speed to estimate target’s position. We can treat 

more TDOA data with this proposed algorithm. In order to determinate the position of 

target, we use the TDOA signals from at least three receivers. In order to apply the RLS 

algorithm, we set the position determination formulation with measured TDOA data. 

We confirm a high performance of proposed RLS algorithm based TDOA localization 

method through some simulations. As the iteration process is repeated over again, we 

can obtain much more precise position of a target. 

 

Acknowledgements 

This research was supported by Basic Science Research pro-gram through the 

National Research Foundation of Korea (NRF) funded by the Ministry of Education, 

Science and Technology (2013R1A1A2006728) 
 

References 
 
[1] S. Wu, J. Li and S. Liu, “Improved localization algorithms based on reference selection of linear least squares 

in LOS and NLOS environment”, Wirel. Pers. Commun, vol. 68, (2013) January, pp. 187-200. 

[2] K. W. Cheung, H. C. So, W. K. Ma and Y. T. Chan, “A constrained least squares approach to mobile 

positioning: Algorithms and optimality”, Eurasip J. Appl. Signal Process, (2006). 



International Journal of Control Automation 

Vol. 7, No. 6, (2014) 

 

 

72                    Copyright ⓒ 2014 SERSC 

 

[3] T. N. Lin and P. C. Lin, “Performance comparison of indoor positioning techniques based on location 

fingerprinting in wireless networks”, International Conference on Wireless Networks, Communications and 

Mobile Computing, Hawaii, United States, (2005) June 13-16. 

[4]  S. Kay and N. Vankayalapati, “Improvement of TDOA position fixing using the likelihood curvature”, IEEE 

Trans. Signal Process, vol. 61, (2013), pp. 1910-1914. 

[5]   D. A. Tran and T. Nguyen, “Localization in wireless sensor networks based on support vector machines”, 

IEEE Trans. Parallel Distrib. Syst, vol. 19, (2008), pp. 981-994. 

[6] K. C. Ho, X. Lu and L. Kovavisaruch, “Source localization using TDOA and FDOA measurements in the 

presence of receiver location errors: analysis and solution”, IEEE Trans. Signal Process, vol. 55, (2007) 

February, pp. 684-696. 

[7] B. T. Fang, “Simple solutions for hyperbolic and related position fixes”, IEEE Trans. Aerospace & Electronic 

Systems, vol. 26, (1990) September, pp. 748-753. 

[8] Y. T. Chan, H. Y. C. Hang and P. C. Ching, “Exact and approximate maximum likelihood localization 

algorithm”, IEEE Trans. Veh. Technol, vol. 55, (2006) January, pp. 10-16. 

[9] C. T. Chiang. P. H. Tseng and K. T. Feng, “Hybrid unified Kalman tracking algorithms for heterogeneous 

wireless location systems”, IEEE Trans. Veh. Technol, vol. 61, (2012) February, pp. 702-715. 

[10] D. Zhu and K. Yi, “Localization technology research based on particle filter in underground mines”, Comput. 

Inform. Syst, vol. 9, (2013) April, pp. 3011-3018. 

[11] G. Shen and R. Zetik, and R. S. Thoma, “Performance Comparison of TOA and TDOA based Location 

Estimation Algorithms in LOS Environment”, Proceedings of the 5th Workshop on Positioning, Navigation 

and Communication, Hannover, Germany,  (2008) March 27. 

[12] L. Cong and W. Zhuang, “Non-line-of-sight error mitigation in TDOA mobile location”, IEEE Global 

Telecommunications Conference, Texas, United States, (2001) November 25-29. 

[13] T. Kariya and H. Kurata, “Generalized Least Squares”, Wiley Series in Probability and Statistics, West 

Sussex, (2004). 

[14] J. Luo, E. Walker, P. Bhattacharya and X. Chen, “A New TDOA/FDOA-based Recursive Geolocation 

Algorithm”, Proceedings of the Annual Southeastern Symposium on System Theory, Texas, United States, 

(2010) March 7-9. 

[15] K. Dogancay and A. Hashemi-Sakhtsari, “Target tracking by time difference of arrival using recursive 

smoothing”, Signal Process, vol. 85, (2005) April, pp. 667-679. 

[16] K. C. Ho and Y. T. Chan, “Geolocation of a known altitude object from TDOA and FDOA measurements”, 

IEEE Trans. Aerospace & Electronic Systems, vol. 33, (1997), pp. 770-783. 

 

Authors 

 

Kyunghyun Lee 

He received his B.S. degree in electrical engineering from 

Sungkyunkwan University in 2013. He is working as a research staff 

in applied optimization lab. in Sungkyunkwan University. His 

current interest fields are intelligent control, geolocation problem 

with TDOA/FDOA, measurement sensor development, estimation 

theory and real-time nonlinear systems. 

 

 

Jungkeun Oh 

He received his B.S. degree in electrical engineering from Hallym 

University in 2002, and received his M.S. degree from 

Sungkyunkwan University in 2005. He is working as a research staff 

in applied optimization lab. in Sungkyunkwan University. His 

current interest fields are radio resource management, geolocation 

problem with TDOA/FDOA, measurement sensor development, and 

real-time nonlinear systems. 

 



International Journal of Control and Automation 

Vol. 7, No. 6, (2014) 

 

 

Copyright ⓒ 2014 SERSC              73 
 

Minwoo Lim 

He received his B.S. degree in electrical engineering from 

Sungkyunkwan University in 2013. He is working as a research staff 

in applied optimization lab. in Sungkyunkwan University. His 

research interests are heterodyne laser interferometer error 

compensation, seismic wave detection with laser interferometer, and 

sliding mode control. 

 

 

 Kwanho You 

He received his B.S. and M.S. degrees in electrical engineering 

from Korea Advanced Institute of Science and Technology (KAIST) 

in 1993 and 1996, and received his Ph.D. Degree from the 

University of Minnesota in 2000, respectively. He had worked as a 

faculty at Texas A&M University-Kingsville. In 2001, he joined the 

School of Information and Communication Engineering at 

Sungkyunkwan University. His research interests are in nonlinear 

and optimal control, radio resource management in wireless 

communication, adaptive optimization methods in nonlinear process, 

and estimation theory. 



International Journal of Control Automation 

Vol. 7, No. 6, (2014) 

 

 

74                    Copyright ⓒ 2014 SERSC 

 

 


