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Abstract: 

Monopulse radarsare one of the most accurate tracking radars used to guide various platforms. Detection and tracking 

of surface targets with these radars are performed in order to point strike targets. Sea clutter presents challenges for 

detecting floated targets and in addition to affecting detection height, it can cause errors in monopulse angle finding. In 

this paper, the airborne monopulse radar with high squint angle has been considered. The radar platform has a curved 

path. Under conditions of ragged sea, sea clutter has been modeled with k distribution and simulation of return signal 

from sea surface with big size targets has been performed for the first time. Also, we have analyzed the detection 

heights in various platforms grazing angles in this paper. The results indicated that by increasing the grazing angle, the 

height of detecting floated targets decreases due to the increase in the clutter power in comparison with the power of 

returned signal from targets. Due to the significant changes in the simulation parameters of sea Clutter at the angles i.e. 

gamma function and Omega parameter, the novelty of this paper is simulation of the sea clutter in range and in high 

grazing angle (55 to 75 degrees), which has not been reported literatures. Sea clutter simulation using the cumulative 

distribution function (CDF) k is another novelty. Detection of moving target on sea surface with given curved path of 

the radar platform and real parameters for the simulation have also been performed for the first time. 
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Fig. 1. Specifications and flight monopulse radar platform on a curved path 

1. Introduction

Monopulse radar is used in guiding different platforms 

due to its high accuracy tracking. The tracking of sea 

targets is very important due to the sea clutter. When the 

grazing angle (the angle between the antenna and the 

horizon) of radar platform increases, the sea clutter 

becomes stronger and sea targets detection and 

subsequent tracking will be faced with an important 

challenge. So far not many articles have been published 

about this issue. The simulation of sea clutter is mostly 

done in PDF (probability distribution function) at 

constant height with very low grazing angles [1-16]. On 

the other hand, articles that have been published in the 

monopulse radar issue are mainly in following categories: 

improve ground based them on pulse radar performance 

in angle estimation [17-19]; improve performance against 

electronic ware fare measures [20,21]; SAR-monopulse 

radars and surface targets detection by the monopulse 

radar at fixed altitude and low grazing angle (less than 45 

degrees)[22,23]. 

In this paper, array monopulse radar with uniform 

aperture illumination and maximum squint angle is 

considered. This radar is mounted on a platform with 

curved path (grazing angle of 55 to 75 degrees) and 

detects and tracks a large-scale floated target on the sea 

surface. The overview of the scenario is presented in 

Figure 1. 

Due to the significant changes in the simulation 

parameters of sea Clutter at the angles studied in this 

paper (gamma function and Omega parameter), The 

novelty of this paper is simulation of the sea clutter in 

range and in high grazing angle (55 to 75 degrees), which 

has not been accomplished in published articles. Sea 

clutter simulation using the cumulative distribution 

function (CDF) k is another novelty of this paper. 

Detection of moving target on sea surface with given 

curved path of the radar platform and real parameters for 

the simulation have also been performed for the first 

time. 

 In this paper after the introduction, monopulse radar 

with the related equations for tracking and angular error 

is investigated in the second chapter. It the third chapter, 

sea clutter is expressed with respect to the direction of 

platform motion and equations and also corresponding 

distributions on range and cross range is investigated. By 

considering the changing of thegrazing angle, target 

detection height changes. In addition, due to the 

impossibility of monopulse radar segmentation in cross 

range, it is not possible to simulate sea clutter. Thus using 

different distributions in cross range, the target detection 

in this direction is done through processing techniques. 

However, to simulate sea clutter in range, given the k 

distribution characteristics such as the ability to create 

spatial-temporal correlation between the return signal 

data, enabling the use in situations with low probability 

of detection and high probability of false alarm, as well as 

compare it with the studies conducted on an experimental 

basis, it is selected as the closest mode to sea clutter in 

range and the corresponding relations and equations are 

discussed. In the fourth chapter, with regard to conditions 

considered, the sea clutter in the range is simulated based 

on parameters and the related results are deduced. 

2. Mono-pulse Radar Angular Error

Curve

It is assumed that the airborne radar antenna is an array 

with 20 elements in rows and columns that is uniformly 

12
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illuminated. The antenna produces two beams with 

maximum squint angle. Squint angle is the angle between 

the axes of the primary beams generated in the receiver 

and as this angle increases, monopulse radar angle 

coverage will increase in the parameters of the receiving 

antenna without altering. The maximum squint angle 

between the two primary beams is0.65of half-power 

beam width in range and cross range [24] 

By dividing the difference voltage by the summation 

voltage, a curve based on the angular deviation from the 

axis of the antenna is formed which is known as the 

mono-pulse curve [25]. The angular error curve for 6 

degrees half power beam width is shown in Figure 2. It 

should be noted that in Figure 2, the vertical axis is the 

ratio of difference signal (diff) to summation signal 

(sum). Simulation parameters are shown in Table 1. 

In ground-based monopulse radar applications, the 

angular error curve measurement accuracy can be 

enhanced to some extent by forming an additional 

difference-difference channel, however, considering the 4 

simultaneous channels and the occupied space, this 

method is not used in airborne monopulse radars [26]. It 

should be noted that noise interference in airborne 

monopulse radars using the domain comparison method, 

increases the angle finding error. Considering the 

Gaussian nature of this type of interferences, the methods 

for reducing or preventing these types of noises have 

been reported in the literature [27]. 

Table. 1. Specification of radar and radar carrier platform 

Frequency 10 GHz 

Power 100 W 

Target radar area 4000 m2 

Height 15 Km 

platforms speed 3300 m/s 

Time to reach the target ~ 4 s 

Half power beam width in 

cross range 

6 degrees 

Half power beam width in 

range 

6 degrees 

Grazing angle 55 to 75 degrees 

Average sea clutter speed 5 m/s 

Target dimensions 60×60 m2 

Detection probability 0.6 

False alarm probability 10-6

Noise 3 dB 

Attenuation 10 dB 

Sea mode 3* 
* Sea mode 3 is the closest to the general conditions of the sea.

Fig. 2. Diagram for 6 degrees half power beamwidth 

angular error 

3. Sea Clutter

One of the primary limitations in the performance of 

airborne radars and one of the main subjects in the 

development of radar guided platform speed design is the 

clutter presence. Illuminated Area on the sea surface by 

airborne radar is shown in Figure 3. Surface clutter in 

airborne radars is one of the important challenges in radar 

design, especially for target tracking on the surface or in 

low altitude over the surface. In addition to determining 

the frequency spectrum and radar pulse repetition 

frequency, this clutter has an effective role in determining 

the height of detection and tracking targets. In such 

radars, surface clutter is greater than the environmental 

noise level and in fact, the factor affecting the 

performance of the radar is the clutter. So, in equations 

used in radars, signal-to-clutter ratio (SCR) is used 

instead of signal to noise ratio (SNR). 

3.1. Sea Clutter in Cross Range 

In this case, target can be detected in cross range using 

range and Doppler gates or processing techniques such as 

frequency-Doppler space-time adaptive processing 

(STAP) and the tracking action can be carried out in cross 

range [28]. 

R R.θ

Range cell

Area search in 

range

Search area

Antenna jump

1 2 K

Radar 

platform

Fig. 3. Illuminated area on sea surface by airborne radar 
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3.2. Sea Clutter in Range 

In the published articles so far in radar field, targets 

detection on the sea surface in low grazing angles (below 

20 degrees) have been analyzed [3-7]. the important point 

in these articles is the existence of experimental model of 

sea clutter in the desired area which has been achieved by 

sending and receiving radar signals in that area. 

Noting that the sea radar area is not uniform and is in 

fact random and also taking into account the characteristics 

of statistical models expressed in the published articles [3-

12], the following is concluded: 

1) The statistical results of numerous experiments show that

k distribution provides a limited distribution of sea clutter.

2) k distribution is the best model to simulate sea clutter in

areas that have a low probability of detection and false

alarm.

3) With the exception of k distribution, other non-Rayleigh

distributions are not derived from physical models or

clutter reflectance methods and are only based on

experimental results. These models are not able to provide

time and space correlation data. To overcome this problem,

k distribution is used because it has good accuracy in

predicting the performance independent of correlation

characteristics modeling accuracy compared to other

domain distribution models.

Verification of this method for usual grazing angle to 

real radar sea clutter data is show in figure 4the data set 

used in this plot is taken from Farina et al [13]. The data 

from a single range cell. By visual inspection it can be 

noticed that amplitude distribution of the data best fit K 

distribution. Also, in Ward et al. [14]; Farina et al [15], 

the k distribution has been tested on several other data 

sets and has proven to be the distribution function of 

choice [16].  

Fig.4. fitting non-Gaussian statistical distribution to real 

radar data Farina et al [13] 

3.2.1. Clutter Model With k Distribution 

K distribution model has a wide range of conditions 

and uses two parameters for modeling the returned sea 

clutter in high-resolution radars [3]. The first parameter is 

obtained by Chi distribution development and the second 

parameter is based on speckle pattern and Rayleigh 

domain distribution [2]. 

The first parameter indicates the slow changes and is 

associated with the sea surface large wave structures 

which are not altered by frequency agility. This parameter 

will be associated with the time correlation. The second 

parameter is associated with the rapid changes that show 

the interference between the small waves on the sea 

surface. This parameter becomes uncorrelated using 

frequency agility and its domain distribution corresponds 

to the pseudo-noise clutter. 

In k distribution modeling, there are two important 

parameters: shape parameter υ and scale parameter c; the 

shape parameter determines the sea clutter sharpness. In fact, 

the smaller this parameter is, the sharper the sea clutter is. In 

practice, this parameter varies from 1.0 to 20 [2]. 

Scale parameter determines the power characteristic 

of return signals. The smaller the value of this parameter 

is, the stronger the signals returning from the sea surface 

are. Shape and scale parameters are proportional and the 

relationship between them is [2]: 

 

2 4
2 0

33 3

4

24

l
t t dB

c
f c

PG
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(1) 

 In the above equation, Pt is the transmitter power in 

watts, Gt is the transmitter gain, λ is the wavelength of the 

radar in meters, f4is the two-way antenna pattern on the 

surface, R is the mean distance from the clutter cells in 

meters, θ3dBis the antenna half power beam width in 

radians, τ is the pulse width in seconds, cl is the speed of 

light in meters per seconds and σ0is the mean clutter 

reflectance value or clutter radar area. The average  

Amount of clutter reflectance changes with respect to the 

grazing angle is shown in Figure 5. This curve is deduced 

from the curve depicted in [11]. 

In order to simulate sea clutters using K distribution, 

we can use two distribution functions: PDF (probability 

distribution function) and CDF (cumulative distribution 

function). In the figure 6 two functions are plotted. 
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Fig. 5. Clutter radar area with respect to the grazing angle 

[29] 

Fig.6. Comparison of PDF and CDF 

As previously stated, PDF of K distribution is most 

similar form to the real sea clutter in low grazing angles. 

But at high grazing angles, the use of CDF is closer to 

real sea clutter values. The result is display in figure 7 for 

grazing angle of 70 degrees. 

Fig.7.Fitting CDF of K distribution to real radar data 

Farina et al 

In order to model the sea clutter, statistical 

distribution of sea radar area domain is obtained from the 

cumulative distribution function k. This function is given 

below [2]: 

 
 

     
22

1KF a x K a
 

 


 


(2) 

In the above equation, υ is the shape parameter, ω is 

the omega parameter, Kυ is the modified Bessel function 

and Γ(υ) is the gamma function. “a” is a variable and is 

defined as follows [2]: 

2a x   (3)

In the above equation, x is a numerical variable 

greater than zero. The value of k function is shown in 

Figure 8. As shown in Figure 8, the slope of the curve 

and thus, the limits of reaching the amount of 1 (range of 

distribution curve k) is different at different grazing 

angles and this variation is of utmost importance in sea 

clutter simulation. 

Fig.8. Cumulative distribution function k with respect to 

different grazing angles 

By choosing random values from the distribution 

graph k (because of the randomness of reflection from the 

sea surface), sea radar area can be calculated by 

multiplying them with resolution in range and cross range 

(equal to half power beam width in cross range) and 

replace them in the clutter equation below [29]. 

 

0

2 34

t e rangeP A r
C

R




 (4) 

In the above equation, σo is the sea radar area, which 

varies according to the diagram shown in Figure 5with 

respect to the grazing angle. rrange is the radar range 

resolution in meters, Pt is the radar transmitter power in 

watts, Ae is the effective area of the antenna in square 

meters and R is the mean radar distance from the area 

illuminated by the main beam of the radar, in meters. 

4. Simulation

In this chapter, three examples are investigated and 

simulated. These examples will be compared in the 

results in terms of clutter, signal and different grazing 

angles. It should be noted that the motion path and speed 

of radar platform in the three examples are considered 

and their parameters are given in Table 2. Simulation has 

been carried out using MATLAB software. 

15
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Table. 2. Simulation examples profiles 

parameter Example 1 Example 2 Example 3 

Grazing angle 

(degree) 
60 65 70 

Half power 

beam width in 

cross range 

(degree) 

6 6 6 

Half power 

beam width in 

range (degree) 

6 6 6 

Altitude 

(meter) 
15000 15000 15000 

Target 

position in 

cross range 

(meter) 

8500 7000 5600 

Target 

position in 

range (meter) 

500 500 500 

In Table 2, thet arget position is located at the center 

of the main beam in range, approximately at the starting 

moment. Obviously, this situation will change with 

grazing angle and height of radar platform during the 

simulation. Range and cross range are the X and Y axis 

shown in Figure 1. 

In the simulation, sea clutter in range is modeled with 

k distribution and signal and clutter in range is only 

shown in the diagrams. In Figures 9 to 11, the simulated 

graph of sea clutter (line) and the target signal (*) in 4 

modes for 3 examples is presented. 

Target and clutter signal processing during flying time 

until reaching the target is carried out in 88 moments. The 

amount of these moments is determined based on the 

intended processing method (which in this paper, I/Q 

processor is used taking into account two parameters of 

platform speed and the required accuracy) and the number 

of position data from the flight path. Considering the total 

time for tracking the target from the monopulse radar start 

moment until hitting the target (about 3.8 seconds), and 

taking into account the signal processing duration which is 

equivalent to 0.043 seconds, 88 processing moments 

(steps)occur in the tracking duration. 

Considering the cycle amount of 2048 for FFT in 

processing (which is according to the number of data bits 

required in processing algorithms), and signal 

transmission to IF band with a frequency of 30 MHz, the 

summation and difference components are calculated in 

two channels of I and Q. By designing 5th order 

Butterworth filter with cutoff frequency of 300 MHz, the 

frequency response of the filter is calculated and k 

distribution of the clutter and homogeneous distribution 

is applied to range and cross range channels, respectively. 

At this stage, applying filters on summation and 

difference channels in the two components of I and Q, the 

output of summation and difference in I and Q is 

calculated after taking FFT from the said values. Then, 

calculating d/s in two summation and difference 

channels, the closest angle to the target angle is 

calculated. 

One advantage of I and Q processing is using 

synchronous detector (phase sensitive) which has a wider 

dynamic range than the envelope detectors used in the 

processing of linear range. Another advantage is the 

linear phase and domain(or logarithmic domain) 

processing capability in the spectral content of I and Q 

signals in the occupied IF bandwidth while processing 

domain or logarithmic domain and phase can be spread 

over a wider frequency band (4). 

It should be noted that the grazing angle between 55 

to 75 degrees condition holds in the simulation and to 

better display the charts, they are drawn based on 

moments 1, 15, 30 and 45. The results of the simulation 

are summarized in Table 3. 

Obviously, the reason to select the three mentioned 

angles in Table 2 is the possibility of modifying the angle 

of the platform relative to the target. In fact, in example 

1, selecting the initial 60 degrees grazing angle, it is 

possible to modify the grazing path to up to 75 degrees 

(about 15 degrees)with regards to the curved path that the 

platform traverses to reach the target (see Figure 1). 

However, in example 3, with selecting the initial grazing 

angle of 70 degrees, there is only 5 degrees of grazing 

angle modification by the platform so that the angle 

condition considered can be fulfilled. 

(a) 
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(b) 

(c) 

(d) 

Fig.9. The results of the simulation of the signal and clutter 

for example 1;moment number 1 (a), moment number 15 

(b), moment number 30 (c), moment number 45 (d) 

(a) 

(b) 

(c)

(d) 
Fig.10.The results of the simulation of the signal and clutter 

for example 2; moment number 1 (a), moment number 15 

(b), moment number 30 (c), moment number 45 (d) 
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(a)

(b) 

(c) 

(d) 
Fig.11.Results of simulation of  signal and clutter for example 

3; moment number 1 (a), moment number 15 (b), moment 

number 30 (c), moment number 45 (d) 

Table. 3. Simulation Results 

Altitude 

Of sea 

surface 

(m) 

Example 1 Example 2 Example 3 

S C 
|S-

C| 
S C 

|S-

C| 
S C 

|S-

C| 

14860 
-

92 

-

100 
8 

-

89 

-

95 
6 -87

-

90 
3 

11932 
-

87 

-

97 
10 

-

86 

-

93 
7 -84

-

87 
3 

8789 
-

82 

-

94 
12 

-

80 

-

88 
8 -77

-

83 
5 

5969 
-

76 

-

89 
13 

-

73 

-

83 
10 -69

-

76 
7 

S is the signal strength in terms of dB and C is the mean power of the 

clutter in terms of dB. 

As it is shown in the simulation results in Table 3, 

detection height changes with respect to the grazing angle 

proportional to the level of detection threshold. 

Obviously, the lower is the detection threshold; detection 

takes place at higher altitude and also the possibility of 

false alarm increases and consequently, the detection 

probability decreases. The selection of an optimal 

threshold level requires a compromise between the cases 

presented. 

Given the simulations carried out and considering the 

minimum threshold of 5 dB, the target detection height 

for the grazing angle of 60 degrees will be about 20 km, 

for the grazing angle of 65 degrees, about 15 km and for 

the grazing angle of 70 degrees, about 9 km. 

As the values given in Table 3 demonstrate, with the 

constant half power beamwidth, increasing the grazing 

angle decreases the signal-to-clutter ratio. In fact, with 

increasing the grazing angle, the clutter signal strength 

will be much stronger than the return signal from the 

target, and while reducing the difference between the 

target and clutter signals, detection height will be 

reduced. In other words, in equal heights, the signal-to-

clutter ration is inversely proportional to the increase in 

grazing angle. 

5. Conclusion

Detection and tracking of sea targets is considered as one 

of the major challenges in airborne radar platforms due to 

the random structure of the sea surface and complexity of 

sea clutter, especially at high grazing angles. Using a 

proper distribution to simulate the sea surface so as to be 

very similar to the genuine return sea clutter will present 

a significant advantage in airborne radar design and 

processing algorithms. In this paper, using the cumulative 

distribution function k and taking into account the 

random feature of sea surface, sea clutter was simulated 

and taking into account the size of the target, the speed of 

the platform and the grazing angle, the signal detection 

height by airborne monopulse radarwith path motion was 

simulated and calculated. The results of the simulations 

carried out show that by increasing the grazing angle, the 

signal strength returning from the target decreases 

proportional to the clutter signal strength and therefore, 

the signal-to-clutter ratio and floated target detection 

height on the sea surface decreases. 
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