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Abstract. When monitoring and tracking the relative distance and the azimuth angle between the 
host and the target aircraft, a traffic collision avoidance system (TCAS) needs to filter observed 
relative distance and azimuth angle using a Kalman filter. For the target of uniformly moving aircraft, 
the - filter algorithm is employed in general. In order to improve the filtering effect of - filtering 
algorithm, an improved filtering algorithm is presented in this paper. The algorithm not only considers 
the residual in direction of range, but also considers the residual in orthogonal direction of range. The 
calculation formula of range azimuth tracking filtering algorithm is derived according to the azimuth 
angle and the relative distance between the host and target aircraft, by projecting under rectangular 
coordinate system, considering both the residuals in direction of range and the orthogonal direction of 
range. The filtering effect of the algorithm has been verified by the Monte Carlo simulation carried out 
in MATLAB. The experiment results show that, in comparison with - filtering algorithm, this 
algorithm retains the advantage of lower computation cost of - filtering, and meanwhile achieves 
smaller estimate errors and better filtering effect. 

Keywords: target tracking, alpha-beta filtering, direction residual, distance azimuth tracking filter, 
matlab simulation. 

1   Introduction 

In the collision avoidance logic of the traffic collision avoidance system (TCAS), it is necessary to monitor 
and track the target aircraft [1]. The main observation for monitoring and tracking the target aircraft is 
the relative distance and azimuth angle between the aircraft and the target aircraft. By processing the 
observed values of the relative distance and azimuth angle of the target aircraft, the track information of 
the target aircraft is formed, so as to achieve the tracking of the target aircraft [2-3]. Therefore, relative 
distance and azimuth angle need to be filtered in engineering, and the commonly used filter is kalman 
filter [4-5]. Due to the large amount of work in calculating the gain matrix in kalman filter, in order to 
reduce the calculation amount of the gain matrix, alpha-beta filtering is generally adopted for the uniform 
motion (CV) model [6]. In order to improve the filtering effect and reduce the filtering error, a range 
azimuth tracking filtering algorithm based on alpha beta filtering is proposed. 

For the measurement of the filter system in polar coordinate system, when constructing the filter 
equation, the state vector can take either rectangular coordinate vector or polar coordinate vector. The 
former will face the nonlinear problem of measurement equation and the latter will face the nonlinear 
problem of state equation. After extended kalman filter, the estimation accuracy of the two methods is 
basically the same [7]. In rectangular coordinate system, measurement errors are coupled with each other. 
If decoupling filter in x and y direction is used instead of coupling filter, tracking accuracy will be reduced. 
However, in practical engineering applications, rectangular coordinate system is often decoupled and the 
resulting error can be ignored [8]. Therefore, the range-azimuth tracking filter proposed in this paper 
adopts rectangular coordinate system. Firstly, the measured values in the polar coordinate system are 
converted into cartesian coordinate system, and the relative distance and azimuth are directly projected 
onto the x and y directions respectively. Then kalman filter is used to filter the data after coordinate 
transformation. 
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2   Alpha-beta Filtering Algorithm 

- filter is a constant gain filter for the target uniform velocity motion model (CV) [9]. In general, the 
following assumptions are made: the target is moving at a uniform speed and the noise is observed 
smoothly. Let x and x  be the position vector and velocity vector of the moving target respectively. At 
this time, the state vector is [ , ]TX x x  , then the state equation of the target is: 
 1

ˆ ˆ
k k kX AX Cu    (1) 

where, 1
ˆ

kX   represents the estimated value of system state 1kX   obtained by - filter at k+1. 
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white noise with variance ( ) ( )TQ E u k u k 
   and mean zero. The expression of the observation equation is: 

 k k kZ DX v   (2) 
where: Zk represents the position observation quantity of the system at moment k. Measurement matrix 

1 0D     . Measurement noise vk is white gaussian noise with mean zero and variance ( ) ( )TO E v k v k    . 
The filtering equation is: 
        ˆ ˆ ˆ1 1X k k X k k H Z k DX k k        

(3) 
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T

H T      (5) 
where H is the gain matrix. 

Since the selection of Q and O will affect the accuracy of the filter, and α and β are directly related to 
Q and O, the selection of alpha and beta must take into account Q and O, namely noise characteristics 
and dynamic performance. Meanwhile, according to various optimization rules, the following formula is 
commonly used as the parameters of  and  in engineering practice [10]. 
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3   Range Azimuth Tracking Filter Algorithm 

The range azimuth tracking filter algorithm is based on the - filter. In the rectangular coordinate 
system, relative distance R is projected on the x and y directions according to the azimuth Angle, and 
then the x and y directions are filtered respectively, so as to achieve the tracking of moving targets. 

Aircraft 1

Distance to CPA
R

Aircraft 2

 

Figure 1. The closest distance between two points 

In TCAS, the closest distance between two aircraft is the relative diagonal distance when the two 
aircraft reach the closest point. As shown in figure 1, the relative distance R between the two aircraft is 
located on an inclined plane connecting the two aircraft. According to the azimuth Angle between the two 
aircraft, the relative distance is projected on the x and y directions on the inclined plane, thus turning the 
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collision avoidance problem of three-dimensional space aircraft into that of two-dimensional inclined plane 
[11]. Set up a rectangular coordinate system with the origin of aircraft 1 on the inclined plane, as shown in 
figure 2. 
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Figure 2. Projection diagram of distance azimuth target tracking 

In figure 2, aircraft 1 is used as the observation point. Aircraft 2 as target. R is the relative distance 
between the observation point and the target. B is the observed azimuth angle. According to the echo data 
of target motion, the target is known to do uniform acceleration motion, and then the system model is 
established. 

First, the system model is used to predict the target at time k, and coordinate transformation is carried 
out to project the position of the target onto the x and y directions in the rectangular coordinate system. 
If the distance predicted at time k is 2 2

k kR X Y  , then it is Xk=RsinB, Yk=RcosB, where, Xk and Yk 
represent the measured distance at time k projected to the x and y directions, respectively. 

Set Xk1, 1
ˆ

kX   and 1kX 
  as target position, estimated value and estimated error respectively at k1, and 

the estimated error is 1 1 1
ˆ

k k kX X X    . At this time, the error covariance is predicted by the system 
model. Prediction covariance Pk,k1 (prediction error variance matrix PCOV) satisfies the prediction error 
formula of kalman filter: 
 , 1 , 1 1 , 1 , 1 1 , 1

T T
k k k k k k k k k k k kP P Q             (7) 
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the estimated error is 1 1 1[ ]T
k k kP E X X     . Is the process noise variance matrix Qk1. Substitute into the 

above formula as follows. 
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The relationship between the prediction covariance matrix and / and the smoothing parameter (W1 
/W2) of the position/velocity in the distance orthogonal direction is as follows, where 
VAR=R27.569103 is the measurement variance in the orthogonal direction of distance. 
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Then calculate the residual of the distance direction of x and y and the residual of the orthogonal 
direction of the distance, as follows: 
 ( sin cos )R k kRESID R X B Y B     , cos sinCR k kRESID X B Y B     (11) 

The residual RESIDR in the distance direction and the residual RESIDCR in the distance orthogonal 
direction are projected onto the x and y directions to obtain the estimated value of the state: 
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x and y direction filters are kalman filters. After projecting relative distance R and azimuth Angle B to x 
and y directions, kalman filters are used for filtering. After filtering, the x and y direction data are 
resynthesized into range and azimuth Angle, thus completing the filtering of range and azimuth Angle. 

4   Simulation Results and Analysis 

To verify the performance of the range-azimuth tracking filter algorithm, it is compared with the results of 
conventional alpha-beta filtering in the x and y directions. The two filtering algorithms are also simulated 
in monte carlo for 200 times [12]. The parameters of the computer simulation are as follows: assume that 
two aircraft are flying in the same direction, with the target aircraft in front and the aircraft behind. 
Initial velocity Vb0 = 900km/h. Initial velocity Va0 =700 km/h. The azimuth of the target aircraft 
relative to the aircraft is equal to 30°. The observation period is T=1s. Simulation time t=500s. The 
relative distance between the two aircraft R=280km. The change of observation target position (relative 
distance) Navr=100m. 

Computer simulation using MATLAB programming. The simulation results are shown in figure 3, 
where figure (a) and figure (b) are respectively the comparison between the real trajectory of the moving 
target and the observed trajectory after the - filtering, and after the range-azimuth tracking filtering. 
Figure 4 shows the error of the observed target position. Figure 5 is a comparison of the estimated errors 
of the - filter and the range azimuth tracking filter. 

  
 (a)Alpha-beta filtering (b) Range azimuth tracking filtering 

Figure 3. Comparison of alpha-beta filtering and range azimuth tracking filtering for moving target trajectories 
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Figure 4. The error of observation target 

 

Figure 5. Comparison of the estimation errors between alpha-beta filtering and range azimuth tracking filtering 

From the simulation results in figure 3, it can be clearly seen that the observed track is closer to the real 
value after the range-azimuth tracking filter than after the - filter. It can be seen from figure 4 and 5 
that the observation error has always existed in the whole observation process, but the estimated error 
after filtering is gradually approaching to zero, and the filtering effect is very good. In figure 5, it is clear 
that the estimation error generated by the range-azimuth tracking filter tends to zero faster than that of 
the - filter, and the fluctuation is small. 

It can be seen from the above computer simulation results that the estimated error of the range azimuth 
tracking filter proposed in this paper is significantly less than that of the conventional - filtering 
algorithm when tracking a target moving at a uniform speed. This shows that the range-azimuth tracking 
filtering algorithm is superior to the conventional - filtering algorithm in tracking performance. The 
improved filtering algorithm is suitable for tracking the moving target with uniform speed, and the 
tracking effect is good. 

5   Conclusion 

In this paper, an improved range-azimuth tracking filtering algorithm is proposed based on the 
conventional alpha-beta filtering algorithm. This algorithm introduces the idea of coordinate projection. 
The relative distance between the two aircraft is projected on the inclined plane according to the azimuth 
in the x and y directions. The problem of collision avoidance of three-dimensional space aircraft is changed 
to that of aircraft on two-dimensional inclined plane. The prediction results are modified by using the 
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residuals of distance direction and distance orthogonal direction, which improves the filtering accuracy of 
the algorithm. The computer simulation results show that the improved algorithm not only maintains the 
advantages of less calculation of the - algorithm, but also has a better tracking effect on the moving 
target. It is suitable for monitoring and tracking the moving target of airborne anti-collision system. Due 
to the limitation of space, this paper only discusses the target moving at a uniform speed, and the azimuth 
tracking filter algorithm for the target moving at a uniform speed will be discussed in another paper. 
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