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Abstract. The paper deals with a problem of performance evaluation of the range-

bearing centroid processing for a surveillance radar. First, we review several 

techniques for centroid processing that are Moving window estimator, Beam shape 

centroid estimator, Center of mass correlation and Recursive least-squares centroid 

estimator. Then we point out that the range root-mean-square error (RMSE) and 

bearing RMSE are not sufficient for performance evaluation of the range-bearing 

centroid processing. Further, a new parameter using time series analysis for 

evaluation of structural stability of the centroid processing is proposed. As an 

illustration, a test with data from an X-band coastal surveillance radar is given. 
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1. Introduction 

Radar [1] is a system that uses the radio waves to detect the objects of various types 

such as aircraft, spacecraft, guided missiles, ships, motor vehicles, weather formations 

and terrain. A radar system consists of a transmitter producing electromagnetic waves 

in the radio or microwaves domain, a transmitting antenna, a receiving antenna (for a 

pulse radar the same antenna is used for transmitting and receiving) and a receiver and 

processor (see Figure 1).  
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Figure 1. Radar block diagram [2] 

The block “Detection” in Figure 1 contains the “Plot detector” and the  “Plot 
extractor” modules (see Figure 2). 

       
Figure 2. “Detection” block [3] 

       When the antenna scans across any target, there may be threshold crossings at the 

“Plot detector” in several inter pulse periods, and in several adjacent range and azimuth 

resolution cells. The output of “Plot detector” is called detected hits. The “Plot 
extractor” (or range-bearing centroid processing, centroid processing) takes the output 

of the signal processor of a radar system. Its function is to correlate all threshold 

crossings (all detected hits), grouping together all those which appear to come from the 

same target and to estimate range-bearing centroid for generating plot reports such as 

range, azimuth, power and radial velocity information on all validated targets. Then, 

the plot reports are used as input for “Tracking and Parameter estimation” block (see 
Figure 1) to perform object’s trajectories which are displayed on the radar monitor. The 

more accurate plot reports of range-bearing centroid processing are, the better 

performance of a radar system is. 

The present paper deals with the problem of performance evaluation of the “Plot 
extractor”. Since the “Plot extractor” has an important role for the performance of a 

radar system, there are a lot of numbers in the literature concerning the problem of 

range-bearing centroid processing (see [4-8,10-12]). However, for performance 

evaluation there is only an approach mentioned in the literature which is based on the 

range and azimuth (bearing) RMSEs. As illustration in Section 2 (see Figure 7) the 

range and bearing RMSEs are not sufficient for evaluation of centroid processing. In 

fact, the target plot reports over scans form a time series and any break-point (change-

point) will strongly influence to the “Tracking and Parameter estimation” block. But 

the range and bearing RMSEs do not give us information about the existence of 

change-points in a time series. In this paper, a new parameter using time series analysis 

for evaluation of structural stability of range-bearing centroid processing is introduced. 

The paper is organized in the following way. In the next section, we recall the 

common approaches for range-bearing centroid processing and its evaluation. The main 

contribution of the paper is presented in section 3. Last section gives out the conclusion 

and future works. 

Plot detector 
Plot Hit  

extractor

N. Van Loi et al. / Performance Evaluation of Radar Range-Bearing Centroid Processing 297



2. Related works 

The “Moving window estimator” is one of the earliest methods of correlating hits to 

form plot reports (see [4,5]). For each pulse repetition time (PRT), the detected hits are 

stored as “1”s in the range-cell dimension (see Figure 3). At every range cell, a window 

in the time-cell dimension is applied to count the number of “1” that are present in the 

window. The size of the window equals the number of reflected pulses when the radar 

antenna scans across a target. The target azimuth is estimated by (see [4,6]):  

     (1) 

where  and  are the beginning and end azimuth angles of the targets. 

 

 

 
Figure 3. Moving window estimator process [5] 

The moving window estimator has many disadvantages. For example, the 

estimated azimuth in (1) depends only on the first and last detected azimuths of the 

target. Therefore, the error of the estimated azimuth does not significantly decrease 

with increasing signal-to-noise ratio.  

To avoid the disadvantages of the Moving window estimator, the “Beam shape 
centroid estimator” based on the collection of association and clustering algorithm was 

introduced for surveillance radar with coherent processing (see [7, 8]). However, both 

the Moving window and Beam shape centroid estimators give only the target azimuth 

estimate, it can not be applied for high range resolution radars, i.e. targets may spread 

over several adjacent range cells. For these cases, a more modern plot processor needs 

to be used for the correlation process than the simple sliding window. 

One possible method is the Center of mass correlation [9]. The correlator is 

grouped first in range direction and then in azimuth direction (see Figures 4-6). The 

plot report is computed by using the center of mass of the signal processor output.  

 
Figure 4. The Signal Processor provides hits including information about reveived power [9] 
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Figure 5. A range correlation provides groups [9] 

 

 
Figure 6. An azimuth correlation provides plots [9] 

Some extensions of the Center of mass correlation can be found in [8-12].   
For evaluation of the above mentioned methods researchers use the simulation data 

and calculate the range root-mean-square error (range RMSE) and bearing RMSE. 

However, the range-bearing centroid processing produces a series of time-dependent 

plot reports for each target (at every radar scan a plot for each target is reported). 

Therefore, the range and bearing RMSEs may not be enough to evaluate performance 

of the range-bearing centroid processing. Figure 7 presents two time series with the 

same RMSEs. But they have different behaviors. In fact, one of them (the dash-line) 

contains a shock (change-point), i.e. it is not structural stable.  

 So, in relation with the performance evaluation of range-bearing centriod 

processing there is a need to consider new parameters than RMSEs. In the next section, 

we propose the use of time series analysis for this purpose. 

 
Figure 7. Two time series have the same RMSEs, but different behaviors.  

The dash-line series has a change-point. 
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3. Application of time series analysis for performance evaluation of range-bearing 
centroid processing 

Let  be the range (in meter), bearing angle (in degree) and power 

(in Watt) of a target centroid (target plot report) at radar scan k. Three time series are 

available for analysis that are  and . The reason for 

considering the series   follows from the radar equation. It is well 

known (see [13], [14]) that the received signal power reflected from a target is 

determined by 

     (2) 

where: 

�  is the received signal power (W) at the radar receiver. 

�  is the radar transmitting power (W). 

�  are the gain of the transmitting and receiving antennas, respectively. 

�  is the radar cross section (m2). 

�  is the wavelength (m) of the radar electromagnetic energy. 

�  is the target range (m). 

From (2) it follows that  is (theoretical) constant if the radar cross section  

does not change. Two types of targets satisfied for the analysis are (see Figure 8): 

� Type 1: targets that move along a straight line toward or away from the radar. 

� Type 2: targets that move with a constant range to the radar. 

 
Figure 8. Illustration of targets of Type 1 (left) and  of Type 2 (right) 

The targets of type 1 and type 2 have (theoretical) constant radar cross section. 

Moreover, targets of type 1 do not change their bearing angles, so their series of 

bearing angles are useful for analysis while targets of type 2 do not change their ranges, 

so their series of ranges are used for evaluation. 

We propose the new approach for the performance evaluation of the range-bearing 

centroid processing, which consists of  

� accuracy evaluation using range RMSE and bearing RMSE; 

� structural stability evaluation using time series analysis. 

The Change-Point Ratio (CPR) is used for the evaluation of structural stability. 

Three values of CPR are estimated, that are bearing CPR (for a target of type 1), range 

CPR (for a target of type 2) and power CPR (for both types): 
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The Matlab function findchangepts is applied for detection of change-points (see 

[15-17]). This function minimizes 

 

Where K is the number of change-points;  and  are respectively the first and the 

last samples of the data;  and  denote the deviation measurement and the emperical 

estimate which depend on the statistical property. For example,  

� if ‘Statitical property’ is specified as ‘mean’: 

 

� if ‘Statitical property’ is specified as ‘linear’: Let the best-fit line through 

 be 

 

where  

 

 

 

then  

 

 

Test result. For the test we use the data from an X-band coastal surveillance radar 

in which the center of mass correlation is used for the range-bearing centroid 

processing. A target of type 1 (see Figure 9) is chosen for the evaluation of structural 

stability of centroid processing. In real scenario, we understand that type 1 contains all 

targets that move in a straight line with a small change of their bearing angles (not 

exceeding 5 degree). The bearing angles of the test target are in the interval from 110 

degree to 115 degree.  
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Figure 9. The test target (ID 1036) in the radar screen 

 

Two data series  and  are used for analysis of structural 

stability of range-bearing centroid processing. The parameters for the function 

findchangepts are set by: 

� ‘Statistic’ = ‘linear’ (since the target moves in a straight line); 

� ‘MinThreshold’ = 0 (to find all possible change-points); 

� ‘MinDistance’ = 30 (to reject the random noises in the change-points. The 

value 30 means that minimum number of samples between change-points is 

30, or equivalent to 5 minutes of radar scan data. Each radar scan is 10 

seconds). 

The test results are given in Figures 10 and 11. 

 
Figure 10. The change-points for the series  of the test target. Bearing CPR = 4/162. 
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Figure 11. The change-points for the series  of the test target. Power CPR = 4/162. 

From Figures 10 and 11 it follows that the series  and , and 

hence the range-bearing centroid processing, are not structural stable. The causes of the 

unstability of range-bearing centroid processing may occur in “Plot detector” or “Plot 
extractor” (see Figure 2). If the causes are in “Plot extractor” the radar designers need 

to use another centroid processing algorithm to avoid the structural unstability. For 

comparison, it is clear that the evaluation method used in [4]-[12] could not be able to 

detect the change-points while the proposed method gives us the detailed structural 

stability of the centroid processing. The unstability of the centroid processing will lead 

to a poor performance of “Tracking and Parameter estimation” block. 

4. Conclusion and Future works 

We have proposed a new (offline) approach for evaluation of range-bearing centroid 

processing for a radar system that consists of the accuracy evaluation using range and 

bearing RMSEs and the structural stability evaluation using time series analysis. A test 

with data from an X-band coastal surveillance radar is given for illustration.  

In future works, we will study the online performance evaluation and its application for 

automatic calibration of a radar system. This will use the online time series analysis 

which is intensively investigated recently. 
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