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ABSTRACT. 

The paper proposed a method of target detection on the background clutter using the standard deviation (STD) 

of polarimetry parameters. The authors conducted the examination, evaluation and comparison of the detection 

abilities of radar target models on the background clutter using the STD of ellipticity coefficient K and of the 

degree of polarization DoP. The results showed that the detection probability of the target Swerling 0 is better than 

other targets when using the STD of K and DoP. It is also found that the probability of target detection using the 

STD of K is higher than using the STD of DoP. From that results, it can be proposed the type of detection param-

eters suitable for each type of target model. 

 

1. Introduction 

Today scientists have recognized the effectiveness 

that data from polarimetric radar gives to marine appli-

cations and operations, such as: target detection on the 

sea surface [1, 2, 3], detection of metal targets on the 

sea surface [4, 5], monitoring oil spills on the sea sur-

face [6]. In the problem of detecting targets on the back-

ground clutter, research results have shown that polari-

zation measurements can be used effectively to detect 

targets on the background clutter.  

In the polarimetric parameters used for the prob-

lem of detecting targets on the background surface, not 

many works have used the STD of polarization param-

eters. From experimental results with the detection of 

“polarization trace” effect, performed by Козлов А.И., 

Татаринов В.Н [7], [8], [9], [10] (Table 1, in which the 

target is a metallic pipe with the height l =1.5 m, and a 

diameter of 0.05 m at a distance of 1.5÷1.6 km on the 

sea surface) showed that in addition to the difference of 

the average K coefficient in the case of the sea surface 

without of a radar object and the case of compound ob-

ject (sea surface plus man-made small-scale object), 

there is also a strong change in the variance of the el-

lipticity coefficient K between two cases. In particular, 

in the case of the sea surface without of a radar object, 

the variance of K varies from 0.23 to 0.56 depending on 

the wave conditions, whereas in the case of compound 

object, the variance of K varies from 0.033 to 0.125 

with the same sea conditions. This experimental results 

shows that it is possible to use both the ellipticity coef-

ficient K and the variance of K in the problem of detect-

ing (or distinguishing) the target on the background sur-

face. 

Due to the fluctuation of the reflected signal from 

the background clutter, the polarization parameters de-

rived from these signals are also random and fluctuate 

depending on the nature of the target and the back-

ground. The paper proposes an algorithm to use the 

standard deviation of the ellipticity coefficient K (K-

STD) and the standard deviation of DoP (DoP-STD) in 

the problem of detecting targets on the background sur-

face, especially on the sea surface. The layout of the 

article is as follows: part 2 gives an overview of the el-

lipticity coefficient K and the degree of polarization 

DoP; part 3 examines the ability to detect the radar tar-

get models Swerling using the STD of polarization pa-

rameters K and DoP; part 4 performs the comparison of 

the detection quality using K-STD and DoP-STD in the 

problem of target detection on the background clutter, 

part 5 is the conclusion. 

Table 1. 

Experimental results of ellipticity coefficient K on the sea surface [7] 

Object Wave height Mean K , Km  Variance of K, K  

Sea surface ≈ 0.2 m 0, 2 0,1K     0,23K   

Object on the sea surface ≈ 0.2 m 0.8K    0.07 0.08K    

Sea surface ≈0.4÷0.5 m 0K   0.26K   

Object on the sea surface 
≈ 0.5 m 0.75K    0.033K   

Sea surface ≈1.2÷1.5 m 0K   0.56K   

Object on the sea surface ≈1.2÷1.5 m 0.7K    0.11 0.125K    
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2. Statistical characteristics of K and DoP 

a. Ellipticity coefficient 

It is assumed that the transmitted signal (Tx) is a plane uniform right hand circular polarization (RHCP) ER, 

which is presented by the Jones vector in Cartesian coordinate system [11]. The signals, received simultaneously 

from 2 orthogonal polarimetric channels, are expressed by quadrature components ELcos (ELsin) and ERcos (ERsin) as 

follow: 
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If the received signals are scattered from the complex object (target and background), the quadrature compo-

nents of received signal are: 
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where Eint(t) – the reflected signals from background clutter; Esig(t) – the reflected signals from target. 

The orthogonal polarimetric components of received signal: 
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The absolute value of the circular polarization ratio is calculated as follows [11]: 
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Following [12] the ellipticity coefficient is then can be calculated: 
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b. Degree of polarization 

We consider that a target with deterministic polar-

ization scattering matrix (PSM) is being illuminated by 

polarimetric radar, which has the ability of dual-polari-

zation simultaneous reception (i.e., horizontal and ver-

tical reception). The radar returns also include clutter 

signals surrounding the target echoes. Specially, the 

clutter in the main beam of the radar is mainly consid-

ered in this paper. There upon, the radar return corre-

sponding to the range cell that the target exists can be 

established as the following model [13]: 

1 : tH x Sh a c n     (6) 

0 :H x c n     (7) 

 

where H1 denotes the target-present hypothesis, S 

is the 2 × 2 PSM of the target, which represents the po-

larization change of the transmitted signal; ht is the 2 × 

1 polarization Jones vector of the transmitted electro-

magnetic wave; a includes the transmitted radar wave-

form. The second term in the right side of Equation (6) 

represents the clutter signals. n is the noise in each po-

larimetric channel. We assume that the target exists in 

only one range cell. Then in other range cells, the signal 

model satisfies target-free hypothesis H0.  

Then, the measured data x in H0 and H1 case fol-

lows the bivariate complex Gaussian distribution with 

zero means [14]: 
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where H denotes the Hermitian transpose, Σ is the 

covariance matrix, and |Σ| is the determinant of Σ; the 

mean vector of x is defined as, ( ) ss E x Sh a and

(x s)(x s)HE       . 

As we know, the degree of polarization can be 

used to characterize the polarization state of the par-

tially polarized waves. We can obtain this parameter 

from the Stokes vector or polarization covariance ma-

trix. The latter is considered in this paper. Then, the 

DoP p can be defined in [15] as: 
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where tr(Σ) denotes the trace of Σ, η1 and η2 (η2 ≥ 

η1) are the eigenvalues of Σ. Since we have no prior 

knowledge about the covariance matrix in real applica-

tion, it should be estimated from the measured data. 

According to the definition of the polarization co-

variance matrix (PCM) in [16], the estimation of the 

PCM can be generated from a set of observation sam-

ples 
1 2, ,..., Nx x x as follows: 
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where N is the integrated number of samples. If the 

eigenvalues of ̂ are
1 2
ˆ ˆ,  , then the sample estimate 

of the DoP is defined as: 
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   (12) 

In order to solve the problem of target detection 

using polarimetric parameters, it is necessary to use a 

statistical method based on the difference between the 

probability density function (PDF) of the reflected sig-

nal from the background clutter and of the total signal 

reflected from target and background. These probabil-

istic models are presented in the [17]. 

3. Examination of the detection ability of radar 

target models using the standard deviation of polar-

imetric parameters 

In this section, the simulation of the ability to de-

tect target models Swerling has done using the standard 

deviation of the polarization parameters: K and DoP. 

The parameters of three targets model Swerling 0 such 

as parameters K, DoP, range and radar cross section 

(RCS) are given on Table 2. 

Table 2. 

Parameters of targets 

 Target 1 Target 2 Target 3 

Range (m) 2024,66 3518,63 3845,04 

K 0,82 -0,75 -0,98 

DoP 0,18 0,28 0.71 

RCS (m2) 0,5 0,1 0,7 

Firstly, calculate K by the equation (5) and DoP 

according to the equation (12), then calculate the stand-

ard deviation of K and DoP in each radar cell using 

Montecarlo method with N=1000. The simulation is 

performed independently of each value of RCS. 

Fig 1 shows the simulation results of the ability to 

detect targets based on parameters K and DoP (Fig.1c) 

as well as based on the standard deviation of K, K and 

standard deviation of DoP, DoP (Fig.1d). Fig.1a de-

picts the reflected signal after each pulse, Fig.1b de-

scribes the signal after coherent integration with N=10 

and using sensitivity time control (STC). Fig.1c are the 

estimated of K and DoP over time. Fig.1d are the esti-

mated of K and DoP . The target position is located 

at the range marked with a dashed line on Fig.1c, d. 

 
a 

 
b 
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c 

 
d 

Figure 1. a. Reflected signal; b. Signal after coherent integration N=10 and using STC;  

c. Values of K và D; d. STD of K and DoP 

 

In addition to the three target locations is the back-

ground clutter. Fig.1c shows that the target's polariza-

tion parameters change due to the effect of background 

clutter and are different from their true values. Specifi-

cally, for target 1, the measured K value is ˆ 0.5K   

compared to the true value 0.82K  , target 2 has

ˆ 0.48K    compared to the true value 0.75K   , 

target 3 has ˆ 0.4K   and 0.98K   . Similarly, tar-

get 1 has a measured DoP, ˆ 0.6DoP   compared to 

the true value 0.18DoP  , target 2 has ˆ 0.7DoP 

and 0.28DoP  , target 3 has ˆ 0.83DoP  and

0.71DoP  . So when using K or DoP parameters, 

the values of these ones are mixed with the values of 

background clutter, which lead to the higher probability 

of false alarm. In contrast, as shown in Fig1.d, it can be 

seen that the STD of K and DoP at the target position 

differs from those with only background clutter. For ex-

ample, for background clutter, K  varies from 0.35 to 

0.45, while 0.1K  for target 1, 0.11K  for tar-

get 2 and 0.12K  for target 3. Similarly, the stand-

ard deviation of DoP for background clutter 

0.1 0.15DoP    meanwhile 0.05DoP  for tar-

get 1, 0.06DoP  for target 2 and 0.07DoP  for 

target 3. 

To assess the quality of detection with the radar 

target models Swerling using STD of the parameters K 

and DoP, 1000 independent tests to calculate K  and 

DoP for target 1 have been performed at each value of 

RCS. We give RCS values gradually increasing step by 

step from 0 to 1 m2. The probability of detection PD is 

calculated by the number of times the measured STD (

K , DoP ) is less than the detection threshold on the 

total number of tests. The detection threshold by the 

STD is calculated based on the probability of false 

alarms when only background clutter is present. The 

target parameters are given in Table 2. The comparative 

results of the probability of target detection based on 

the STDs of K and DoP with the Swerling target models 

have been shown in Fig 2 and Fig 3. 

Fig 2 shows that PD for the target Swerling 0 is the 

best when DoP is used. Specifically, if RCS of the tar-

get is greater than 0.3 m2, 1DP  for the target model 

Swerling 0. PD for target models Swerling 3, 4 are 

worse than for the target model Swerling 0 but better 

than for the target models Swerling 1, 2. For example, 

with 
610FAP  (Fig.2d), if 

20.6RCS m then 

0.62DP   for target model Swerling 1; 0.73DP 

for target model Swerling 2; 0.85DP   for target 

model Swerling 3, 4; and 1DP   for target model 

Swerling 0. If 
20.8RCS m then 1DP   for all of 

models Swerling. 
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Figure 2. The comparison of quality of target detection based on STD of DoP with different FAP  

 

Fig 3, corresponding the case of using the STD of 

K, shows that the PD for all target models Swerling are 

nearly equal. Specifically, the case with
510FAP  , if 

20.4RCS m then 1DP   for all target models. PD 

increased suddenly from 0 to 1 when RCS changed 

from 0.1 m2 to 0.4 m2.  

When comparing the quality of detecting the target 

models Swerling, it can be seen that, PD for detection 

of target models Swerling 0 is best using DoP , it is 

good for target models Swerling 3, 4 and is worst for 

target models Swerling 1, 2. 

 
a 

 
b 
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Figure 3. The comparison of quality of target detection based on STD of K with different FAP  

 

4. The comparison of quality of target detection 

using the standard deviations of K and DoP 

The comparison process is performed when simu-

lating the ability to detect a same target model Swerling 

but using two different detection parameters K and

DoP . The comparison results are shown in Fig 4. 

Fig 4 showed that, generally the detection quality 

of target model Swerling using K was better than us-

ing DoP . However, for the target model Swerling 0, 

the method using DoP  gave good results superior to 

the method using K and better than with target mod-

els Swerling 1, 2, 3, 4. 

 
Figure 4. The comparison of quality of target detection using the standard deviations of K and DoP 

 

5. Conclusion 

The paper examined the ability to detect targets on 

the background clutter based on the standard deviation 

of polarization parameters: K and DoP with different 

target models Swerling. The results show that when us-

ing the K-STD method, the probability of detection for 

the target models Swerling is nearly equal. Meanwhile 

if the DoP-STD method is used, the probability of de-

tection for the target model Swerling 0 is better than for 

the target models Swerling 1,2,3,4. The quality of target 

detection by K-STD method is also better than using 

DoP-STD method. Based on the results of the research, 

it is possible to propose the appropriate detection pa-

rameters for each radar target model to increase the 

ability to detect targets on the background clutter. 
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АННОТАЦИЯ. 
В соответствии основных принципов охраны окружающей среды (ОПС) в статье рассматривается ме-

тодология процедуры проведения ОВОС, инженерно-экологических изысканий, экологического контроля 

на предприятиях, государственной экологической экспертизы федерального и регионального уровней. 

SUMMARY. 
In compliance of the basic principles of environmental protection (OPS) in article the methodology of the 

procedure of carrying out EIA, engineering-ecological researches, environmental control at the enterprises, the 

state environmental assessment of federal and regional levels.  

Ключевые слова: природные среды, планируемая хозяйственная деятельность (ПХД), ОВОС, эколо-

гия, мониторинг, изыскания, экспертиза, контроль. 


