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Abstract— Nowadays, the position information is precise and required by many professionals communities.Therefore, 
in one device various technologies for location are integrated. 
This paper combines two methods; the one is a hybrid TOA/AOA (Time Of Arrival, Angle Of Arrival) TS-LS (Taylor 
Series-Least Square) and the second is the module GPS/IMU. 
Index Terms—BTS, hybrid TOA/AOA, the module GPS/IMU, TS/LS, WLS estimation, RMSE, algorithms,   

——————————      —————————— 

1 INTRODUCTION                                                                     

owadays, the information of the present vehicle’s posi-
tion is very important because provide any service of 
autonomous vehicle and C-ITS (cooperative Intelligent 

Transportation System) [1]. 
Use GPS is the common way to provide information of vehi-
cle’s position. 
In this paper, we first propose a hybrid TOA/AOA localiza-
tion algorithm which extends the Taylor Series Least Square 
(TS-LS)[2] and then propose vehicular positioning with 
GPS/IMU. 

2 HYBRID TOA/AOA LOCALIZATION ALGORITHMS  

In the section, denote (xi,yi), (x,y) as the position of the ith BS 
and the MS respectively. The first BS is the home BS. ti is the 
TOA measurement at the ith BS and θ is the AOA measure-
ment at the home BS. The range measurement between the ith 
BS and the MS can then be calculated by ri=cti, where c is the 
speed of light. 
Denote the noise free value of {*} as {*}0, the range measure-
ment ri can be modeled as: 

 
(1) 
where ni  is modeled as a zero-mean Gaussian variable i.e, 
ni~N(0, σn

2) which  is the measurement error. 
Expanding (1), and introducing a new variable R = x 2 + y 2  
we obtain:  
 

 
 

 
Which ki=  

then  

 (3) 

and  : 

 

Let   , and rewriting (2), (4) in the matrix form, 

we have  

   (5)        

Where 

 

    (6) 

           (7) 

 

Note from (1) that   : 

 
                  

φ is found to be  

φ =    (8) 

where 

,       (9) 

and the covariance matrix    is evaluated as  

 
                

 

 (10) 

Assuming the independence of x, y and R the Maximum Like-

lihood (ML) estimator of Za is  

 

 

A- Numerical Result 

Scenario  

1/ Use the distances measured B to obtain an initial estimate 
of 

 

 

N 
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2/Use this initial solution of  to calculate B (equation (9)) 

and calculate the value of  (equation (10)) 

    

3/ Recalculate to get a more accurate result using the new 

value of ψ 

 

 
 

3 GPS/IMU 

3.1 GPS 

The Global Positioning System (GPS) is a satellite-based navi-
gation system that generates information correlated to location 
and time irrespective of the weather conditions or location of 
object equipped with GPS receiver [5]. 
In this section, we define the vehicular positioning with 
GPS/IMU [6] for trajectory tracking of the MS and to improve 
the localization accuracy. 

3.2 The estimation errors with GPS/IMU  

Denoting the obtained initial value of (x, y) as (xˆ, yˆ), we 
have: 

 

where Δx and Δy are the estimation errors to be determined. 

By expanding (1) into Taylor Series and retaining the first 
order terms, we obtain : 

 

Where  

Substituting (12) into (4), we obtain: 
 

 

Defining Z’a=  [Δx  Δy] T and expressing (13), (14) in the 
matrix form, we have: 
 

 

 
Where 

 (16) 

  (17) 

 

 

 The covariance matrix ψ '= E [φ' φ ' T] can be easily evaluated. 

The WLS estimation of (15) is then given by: 

 

and the covariance matrix of Za' is: 

 

The location estimate can then be updated using (12) 

 

4 SIMULATION RESULTS FOR TOA/AOA TS-LS 

We compare the performance of the TOA/AOA TS-LS in the figure 1 

with the other three conventional algorithms: 

a- TOA TS-LS as described in [3] 

b- TOA/AOA positioning with single BS as described in 

[4] 

c- TOA/AOA positioning with multiple BSs using LS as 

described in [4] 

The cellular networks use a hexagonal layout that we assume it. 

Three BSs are arranged at: 

1- (0m,0m) 

2- (2000 3m,−2000m)  

3-  (2000 3m,2000m) . 

The MS is randomly deployed within a 2000 3m × 4000 m 
 rectangle included the three BSs . 
The standard deviation of the TOA measurement error σn is 
placed to 200m, and the other parameters used in the simula-
tion are specified in Table I, unless otherwise stated. 
The performance criterion of the algorithm is chosen as the 
Root Mean Square Error (RMSE) defined in (21), and is com-
puted over 10,000 independent runs. 

 

  (21) 

TABLE 1 

PARAMATERS SETTING IN THE SIMULATION 

 

Standard 
Deviation 
σ 

System Model Observation Model 

ax 
(m/s2) 

ay 
(m/s2) 

θ (o) v (m/s) a 
(m/s2) 

Value 0.1 0.1 2 3 1 
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Fig. 1. RMSE based on the measurement error of TOA 
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Fig.  2. RMSE as a function of the measurement error of the angle of arri-

val AOA 

 

5 SCENARIO 

For Δx and Δy to be weak, we will use the following meth-
od: 

1. Install a GPS / IMU module on each BTS in the chosen 
area (Military Zone for example) 

2.  Or install a GPS / IMU module on the BTS 
3. There are two methods to know the position of BTS: 
 By GPS / IMU module that gives us the estimated val-

ue  
 The exact value of BTS 
4. Install a GPS / IMU module on the vehicle 
How can one calculate the distance r1 with this method? 
 

1- Calculate the estimated position using the GPS / IMU 
module of BTS Home  

 

 
,  are vehicle’s position that are estimated as longi-

tude and latitude. 
Where θ is pitch angle.  
GYROy and GYROz are y and z-axis angular velocity.  
ACCx is x-axis acceleration. 
g is acceleration of gravity. 
aLong and VLong are the longitudinal acceleration and ve-

locity. 
VGPS and ψGPS and XGPS and YGPS are velocity and yaw and 

longitude and latitude from NMEA of GPS data.  
VZ and VXY is velocity calculated by variation of altitude 

and longitude and latitude, respectively. 
2- Compare this position to the exact position of BTS 

 

 

3- Find the error Δx and Δy: 

 

(Δx , Δy)=  

4- Calculate the estimated vehicle position 

 

 

5- Correct the position of the vehicle with the error found 

 
(Δx et Δy) 

6. CONCLUSION  
This paper combines two methods; an algorithm hybrid with 
TOA/AOA (Time of Arrival/Angle of Arrival) which extends 
the Taylor Series Least Square (TS-LS) method and the module 
GPS/IMU that can trace the objects relatively well, further 
decreasing the positioning error.  
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