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ABSTRACT 

We have made observations of X-band radar sea clutter from the sea surface and sea-surface state in the Uraga Suido 
Traffic Route, which is used by ships entering and leaving Tokyo Bay, and the nearby Daini Kaiho Sea Fortress. We 
estimated the distributions of reflected amplitudes due to sea clutter using models that assume Weibull, Log-Weibull, 
Log-normal, and K-distributions. We then compared the results of estimating these distributions with sea-surface state 
data to investigate the effects of changes in the sea-surface state on the statistical characteristics of sea clutter. As a 
result, we showed that observed sub-ranges not containing a target conformed better to the Weibull distribution re-
gardless of Significant Wave Height (SWH). Further, sub-ranges conforming to the Log-Weibull or Log-normal distri-
bution in areas contained a target when the SWH was large, and as SWH decreases, sub-ranges conforming to a 
Log-normal. We also showed that for observed sub-ranges not containing a target, the shape parameter, c, of both 
Weibull and Log-Weibull distribution correlated with SWH. The correlation between wave period and shape parame-
ters of Weibull and Log-Weibull distribution showed a weak correlation. 
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1. Introduction 

As electronics technology has advanced, equipment sup- 
porting marine navigation has become computerized, and 
highly automated vessels have begun to appear. Safe, 
reliable, and rapid goods delivery services are essential 
for a plentiful and comfortable society. To provide these 
services efficiently, cargo vessels are expected to in-
crease in size, speed and energy efficiency, and ensuring 
the safe navigation of these vessels is an important issue. 
Sea charts are also essential for safe navigation, and Elec-
tronic Chart Display and Information Systems (ECDIS) [1] 
have been realized, able to display radar data overlaid on 
the charts. This has contributed to radar becoming essen-
tial for safe navigation of sea vessels. 

The signal received by radar contains reflections from 
various objects besides the intended targets, such as land, 
clouds, rain, and the sea surface. All such undesired re-
flections from non-targets are referred to as clutter. The 
presence of this sort of clutter can result in false detec-
tion of targets or undetected targets, and is a major ob-  

stacle to target detection [2]. In order to suppress this clut-
ter and detect targets accurately it is necessary to process 
the signals to obtain a Constant False Alarm Rate (CFAR), 
and to accomplish this, it is very important to study the 
statistical characteristics of clutter, such as the distribu-
tion of reflected amplitudes, in detail [2-8]. 

The reflected-clutter amplitude distribution differs de-
pending on what type of objects create the reflection, and 
reflections from land are called ground clutter, from rain 
and clouds are called weather clutter, and from the sea 
surface are called sea clutter [2]. 

The amplitude of sea clutter reflections has been re-
ported to increase in proportion to the height of the 
waves [9], but there have been no reports discussing how 
the statistical characteristics of sea-clutter reflection am-
plitudes are affected by statistical changes in the state of 
the sea surface. Sea-surface state is characterized by val-
ues such as wave period and Significant Wave Height 
(SWH), which is statistically close to visually observed 
wave heights. Accordingly, in this research we have  
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taken observations of sea clutter and sea-surface state 
and compared them statistically to study the effects of 
sea-surface state on the statistical characteristics of sea 
clutter. 

The paper is organized as follows: In Section 2, we in-
dicate the observations which is included the sea state 
and the radar observations indicating the observation 
parameters. A solution to the sea clutter distribution as-
sumptions and the distribution estimation are given in 
Section 3, and the effect on the reflected amplitude dis-
tribution by changes in the sea surface is discussed in 
Section 4. 

2. Observations 

We conducted observations of the sea-surface state at 
the same time as taking radar measurements. The radar 
observations were made in areas including the busy 
Tokyo Bay Uraga Suido Traffic Route and the Daini 
Kaiho Sea Fortress. The Daini Kaiho Sea Fortress is a 
fortification initially built on the water at the entrance 
to Tokyo Bay as part of the captial’s defenses, but it is 
now a facility for ensuring the safety of vessels passing 
through the Uraga Suido Traffic Route, with equipment 
such as lighthouses and beacons, and also instruments 
for measuring the sea state. The observations were 
taken between April 2, and December 3, 2010, includ-
ing a total of 106 data points. Radar data obtained dur-
ing rain was excluded from the study because it in-
cludes weather clutter from raindrops in addition to sea 
clutter. We also excluded data containing targets (ships, 
etc.) in the specified range where used for analyzing 
the statistical characteristics of sea clutter. We then 
assigned an observation number to each of the remain-
ing 65 data points used for the study. 

2.1. Sea State Observations 

Significant wave height (SWH) and wave period data 
was extracted from ocean wave and the significant wave 
state data at the Tokyo Bay Daini Kaiho Sea Fortress 
from the National Ocean Wave information network for 
Ports and HArbourS (NOWPHAS) [10]. 

2.2. Radar Observations 

The region was observed using X-band radar equipment 
installed on the roof top at the National Defense Acad-
emy in Yokosuka City. The main parameters of the X- 
band radar are given in Table 1. Figure 1 has an aerial 
photograph of the area around Tokyo Bay Uraga Suido 
Traffic Route showing the approximate region of the 
radar images taken as observation data with a dashed line. 
The extracted data covered an azimuth range sweep of 
355.5˚ to 18.0˚ and distance range from 4.0 to 6.0 km, in 
the Uraga Suido Traffic Route surrounding the Daini  

Table 1. X-band radar parameters. 

frequency 9.41 GHz 

transmitted power (peak) 25 kW 

pulse width 0.5 μs 

pulse repetition frequency 1600 Hz 

antenna scan rate 22 rpm 

horizontal 1.0˚ 
antenna beam width

vertical 21˚ 

polarization horizontal 

 

 

Figure 1. Observed area. 
 
Kaiho Sea Fortress. 273 sweeps of the azimuth range 
were made. The antenna is installed 90 m above sea level, 
so the grazing angle was 1.4˚. 256 points on each of the 
range and azimuth axes were taken, totaling 65,536 data 
points, and the reflection amplitude at each point was 
quantized to 256 levels, from 0 to 255. As examples of 
this observed data, data from when the SWH was high 
(1.27 m) is shown in Figure 2(a) (observation number 64, 
Dec. 3), and when the SWH was low (0.21 m) is shown 
in Figure 2(b) (observation number 21, Apr. 26). When 
estimating the amplitude distribution of the reflected 
signals the data was divided in the azimuth direction into 
23 ranges, each equivalent to the horizontal beam width 
of the radar antenna, and a range number, n, was as-
signed to each of them. The range shown with a dashed 
line (n = 6) was used to analyze the effects of SWH on 
the reflected wave distribution. This range is near the 
center of the Uraga Suido Traffic Route, with few entering  
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(a) 

 

 
(b) 

Figure 2. Observed data. (a) Significant wave height of 1.27 
m; (b) Significant wave height of 0.21 m. 
 
and leaving vessels passing through it and no reflective 
objects other than waves. The bump shapes shown sur-
rounded by circles are radar targets: vessels passing 
through the Uraga Suido Traffic Route (Ships A to E) and 
the Daini Kaiho Sea Fortress. 

3. Clutter Distribution Assumptions 

We then tested conformity to the assumed distributions 
using the observation data for when the SWH was large 
and small, as shown in Figure 2(a) and (b) respectively. 
Reference [11] gives a method for estimating parameters 
for a random variable according to various distributions 
as well as the expected values. In this study, we esti-
mated the parameters using a maximum likelihood esti-
mator. 

3.1. Assumed Distribution Models 

Sea clutter reflection amplitude distributions have been 
reported to follow K, Weibull, Log-Weibull, and Log- 
normal distributions [12], and these have all been studied 
for use in implementing CFAR [2]. However, there is a 
known problem [12] with the K-distribution, which is 
expressed in terms of shape (v) and scale (h) parameters. 
When sections of the reflected clutter amplitude prob-
ability are large, and get larger than a Raleigh distribu-
tion (a Weibull distribution with shape parameter of 2), 
the value of v goes to infinity and it is not possible to 
calculate the probability density. Thus, when assuming a 
K-distribution model it was not possible to estimate the 
distribution for sub-ranges not containing a target, re-
gardless of the SWH, as is shown by the error marks in 
Tables 2 and 3. 

A Weibull distribution can be expressed by the fol-
lowing probability density function. 
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The Log-Weibull distribution is expressed by the fol-
lowing probability density function. 
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where, x is the reflected amplitude, b is the scale pa-
rameter and c is the shape parameter. 

The Log-normal distribution is given by the following 
probability density function. 
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where, μ is the mean and σ is the standard deviation. 
The K-distribution is given by the following probabil-

ity density function. 

Copyright © 2011 SciRes.                                                                                 WET 



Effect of Changes in Sea-Surface State on Statistical Characteristics of Sea Clutter with X-band Radar 

Copyright © 2011 SciRes.                                                                                 WET 

178 

varied.    
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           (4) The Log-Weibull distribution is positioned between 
the Weibull and Log-normal distributions [2]. 

As the highest parts of the reflected clutter amplitude 
get higher, the Weibull and Log-Weibull distributions 
tend toward those with higher shape parameter (c) values, 
and the Log-normal distribution toward shapes with a 
smaller standard distribution, σ. 

where, kν-1 is a modified Bessel function, and its parame-
ters are a scale parameter, h, and a shape parameter, ν. 

For reference, Figure 3(a) shows the changes in the 
shape of the Weibull distribution when b is fixed and the 
shape parameter, c, is varied, Figure 3(b) shows how the 
Log-normal distribution changes when the mean, μ, is 
fixed and the standard deviation, σ, is varied, and Figure 
3(c) shows how the K-distribution changes when the 
scale parameter, h, is fixed and the shape parameter, v, is  

3.2. Beam Width and Sub-Ranges 

It is generally thought that reflected radar signals are 
strongly correlated within the antenna beam width, and 
have similar characteristics [2]. Thus, we divided the  

 
Table 2. Result of distribution estimation for different range numbers at significant wave height of 1.27 m (observation num-
ber 64). 

Weibull distribution Log Weibull distribution Log nomal distribution K-distribution 

maximum likelihood  
estimation 

maximum likelihood  
estimation 

maximum likelihood  
estimation 

maximum likelyhood  
estimation 

range 
number 

n 

range 
sweep 

numbers 
m 

c b 
Log  

likelihood 
c b 

Log 
likelihood

σ μ 
Log 

likelihood
h ν 

Log 
likelihood

note 

1 0 ~ 11 3.30 53.40 –11818 12.55 3.96 –11861 3.80 0.40 –12132 － － － 

2 12 ~ 23 4.45 67.73 –11830 18.00 4.21 –11887 4.08 0.32 –12288 － － － 

3 24 ~ 35 4.79 72.92 –11830 19.95 4.28 –11870 4.16 0.29 –12264 － － － 

4 36 ~ 47 5.72 78.74 –11631 24.29 4.36 –11675 4.26 0.26 –12154 － － － 

5 48 ~ 59 4.37 79.76 –12104 19.52 4.37 –12068 4.26 0.27 –12337 － － － 

6 60 ~ 71 5.11 78.95 –11918 21.63 4.36 –11959 4.25 0.28 –12354 － － － 

7 72 ~ 83 4.82 79.23 –12002 20.68 4.37 –12026 4.25 0.28 –12397 － － － 

no target

8 84 ~ 95 5.15 83.21 –11987 22.30 4.42 –12006 4.31 0.26 –12340 － － － Ship A

9 96 ~ 107 4.92 75.48 –11917 20.44 4.32 –11980 4.20 0.30 –12443 － － － 

10 108 ~ 119 5.32 77.13 –11769 22.34 4.34 –11820 4.23 0.28 –12278 － － － 

11 120 ~ 131 5.29 76.04 –11674 22.43 4.33 –11696 4.22 0.26 –12037 － － － 

no target

12 132 ~ 143 4.63 80.74 –12065 20.34 4.39 –12055 4.27 0.27 –12325 － － － 

13 144 ~ 155 3.42 79.99 –12794 14.78 4.37 –12782 4.22 0.35 –12963 － － － 
Ship B

14 156 ~ 167 4.39 81.73 –12296 19.05 4.40 –12305 4.27 0.30 –12591 － － － 

15 168 ~ 179 4.42 74.95 –12103 18.45 4.31 –12142 4.18 0.31 –12496 － － － 

16 180 ~ 191 4.56 73.02 –11949 18.98 4.28 –11984 4.16 0.30 –12332 － － － 

17 192 ~ 203 2.65 51.08 –12131 10.08 3.91 –12126 3.72 0.46 –12281 － － － 

no target

18 204 ~ 215 1.92 58.34 –13105 7.86 4.03 –12970 3.80 0.53 –12928 0.043 6.40 –13049

19 216 ~ 227 2.26 79.63 –13645 9.93 4.35 –13555 4.15 0.47 –13579 0.063 24.20 –13681

20 228 ~ 239 1.96 82.79 –14052 8.67 4.38 –13931 4.16 0.52 –13871 0.032 6.87 –14006

21 240 ~ 251 1.93 81.92 –14065 8.45 4.37 –13952 4.14 0.54 –13892 0.034 8.00 –14027

22 252 ~ 263 3.05 70.19 –12643 12.94 4.24 –12592 4.08 0.37 –12672 － － － 

Daini 
kaiho

sea fort
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Table 3. Result of distribution estimation for different range numbers at significant wave height of 0.21 m (observation num-
ber 21). 

Weibull distribution Log Weibull distribution Log nomal distribution K-distribution 

maximum likelihood  
estimation 

maximum likelihood  
estimation 

maximum likelihood  
estimation 

maximum likelyhood  
estimation 

range 
number 

n 

range 
sweep 

numbers 
m 

c b 
Log 

likelihood 
c b 

Log 
likelihood

σ μ 
Log 

likelihood
h ν 

Log 
likelihood

note 

1 0 ~ 11 31.30 2.70 –10773 8.61 3.42 –10868 3.22 0.50 –11138 － － － 

2 12 ~ 23 32.15 2.87 –10695 9.37 3.45 –10762 3.27 0.46 –10998 － － － 

3 24 ~ 35 33.29 2.82 –10841 9.29 3.48 –10902 3.30 0.47 –11174 － － － 

4 36 ~ 47 33.62 2.82 –10890 9.30 3.49 –10945 3.30 0.50 –11327 － － － 

5 48 ~ 59 35.03 2.64 –11087 8.98 3.53 –11105 3.34 0.47 –11281 － － － 

6 60 ~ 71 36.78 2.43 –11373 8.52 3.58 –11347 3.38 0.50 –11537 － － － 

no target

7 72 ~ 83 45.82 1.41 –13001 5.50 3.76 –12743 3.48 0.67 –12670 0.029 2.00 –12857

8 84 ~ 95 55.10 1.29 –13693 5.12 3.93 –13469 3.62 0.75 –13385 0.017 1.18 –13580

9 96 ~ 107 47.75 1.61 –12905 6.19 3.81 –12725 3.55 0.64 –12720 0.046 4.00 –12613

ships 
C,D 

10 108 ~ 119 36.92 2.68 –11194 9.33 3.59 –11195 3.40 0.46 –11401 － － － 

11 120 ~ 131 36.45 2.27 –11439 8.25 3.57 –11359 3.37 0.49 –11492 － － － 

12 132 ~ 143 37.23 2.45 –11425 8.42 3.59 –11454 3.38 0.52 –11706 － － － 

no target

13 144 ~ 155 41.89 1.85 –12224 7.06 3.70 –12047 3.47 0.53 –11992 0.054 5.24 –12130

14 156 ~ 167 43.47 1.70 –12496 6.57 3.73 –12283 3.49 0.56 –12182 0.055 6.00 –12385
ship E

15 168 ~ 179 38.58 2.48 –11456 8.84 3.63 –11434 3.43 0.48 –11575 － － － 

16 180 ~ 191 37.71 2.65 –11292 9.21 3.61 –11313 3.41 0.48 –11535 － － － 

17 192 ~ 203 39.73 2.56 –11503 9.10 3.66 –11493 3.46 0.49 –11740 － － － 

no target

18 204 ~ 215 42.38 1.67 –12464 6.41 3.70 –12246 3.46 0.57 –12171 0.046 4.00 –12332

19 216 ~ 227 45.90 1.35 –13090 5.31 3.75 –12795 3.48 0.67 –12660 0.028 2.00 –12943

20 228 ~ 239 48.69 1.34 –13268 5.36 3.81 –12970 3.53 0.68 –12862 0.022 1.46 –13109

21 240 ~ 251 51.75 1.34 –13454 5.29 3.87 –13218 3.58 0.73 –13177 0.025 2.00 –13366

22 252 ~ 263 54.49 1.27 –13693 5.05 3.92 –13444 3.61 0.76 –13365 0.017 1.14 –13578

Daini 
kaiho

sea fort
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Figure 3. Shape of Weibull distribution, Log-normal distribution and K-distribution. (a) Weibull distribution; (b) Log-normal 
istribution; (c) K-distribution. d 
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observed data into 22 sub-ranges equivalent to the hori-
zontal antenna-beam width and tested conformity to the 
assumed distributions in each of the sub-ranges. The 
number of range sweeps, m, is given by the following 
equation, and 1.0 degrees of horizontal antenna beam 
width is equivalent to 12 sweeps (m = 12). 

6
H rfm




                  (5) 

where, rf  is the pulse repetition frequency, H  is the 
horizontal antenna beam width, and   is the antenna 
scan rate. 

3.3. Conformity Testing 

To test the conformity of the observed data to the as-
sumed distribution models, we used log-likelihood.  

Models with higher logarithmic likelihood can be 
judged to be better conforming [11].  

3.4. Logarithmic Likelihood  

Reference [13] gives a method for the log-likelihood 
algorithm to test the conformity estimating. 

First we assume that the true probability distribution 

1 2  is known. Here n  is the prob-
ability that the nth event occurs. Next we will consider a 
sufficiently large number of trials. Then the nth event 
will occur approximately m = n

( , , , , , )n Np p p p  p

Mp  times. As a model, 
we assume the probability distribution 1 2  

. By observing the M samples obeying this 
distribution, the probability W is written as  
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Here W is the probability that we obtain the probability 
distribution 1 2 N . By taking a loga-
rithm of both sides of Equation (6) and dividing by M, 
we obtain  

( , , , , , )nm m m m 
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lim ln ( ; ) ln n
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M p
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where  is called the Kullback-Leibler entropy 
[14]. From the above discussion, the probability is that 
the predicted distribution realized becomes large with 
larger values of B. In this sense, B is used as a model 
estimation, i.e. the larger values of B mean a good model.  

( ; )B p q

The Kullback-Leibler entropy is rewritten as 

ln lnn n n nB p q p p           (8) 

The second term on the right-hand side depends only 
on a true distribution. On the other hand, only the first 
term plays an important role in estimating the model. 
This term is interpreted as an expected value of . 

Therefore, if a probability distribution is given by 
m

ln( )nq

xq  
with 1,2, , ,m M  the log-likelihood divided by M is 
given by 

1

1
ln

m

M

x
m

q
M 
                  (9) 

As M is increased indefinitely, Equation (9) converges 
to the average log-likelihood. We can write  

1 1

ln ln
M M

n n n n
n n

m q M p q
 

           (10) 

Then Equation (9) is the same as Equation (10) which 
is multiplied by 1 M . The first term in Equation (8) is 
estimated from the M numbers of the observed values 

1 2, , , ,n , .Mx x x  x  Then the logarithmic likelihood L is 
defined as  
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1

ln ,
M

n n
n

L f x f x


nq   for     (11) 1,n Mx 

Here a function  f x  is a probability that the ob-
served values are x, and depends on the model. The lar-
ger L is the better model. 

3.5. Distribution Estimation Results 

The results of estimating distributions and the log likeli-
hood of each are shown in Tables 2 and 3. The distribu-
tion that is most conforming for each sub-range is under-
lined in the column of Log likelihood. Entries where the 
distribution could not be estimated are shown with a dash 
(‘-’). The number of samples for each range is 3072. 

From the results of estimating distributions, for sub- 
ranges not containing ships, the Sea Fortress, or other 
non-wave reflective objects, the sea clutter amplitude dis-
tributions conformed to the Weibull distribution regard-
less of whether the SWH was high or low. For sub- 
ranges containing strong reflections from targets and other 
non-wave objects, ranges where they cause strong reflec-
tions clearly conform better to the Log-Weibull and Log- 
normal distributions, whose probability density distribu-
tion curves have long tails. This tendency is particularly 
striking when the SWH is low. This shows that, regard-
less of whether the sea clutter reflected amplitude distri-
bution is a Weibull distribution or not, the presence of 
the target prevents adequate estimation of the distribution. 
This result shows that threshold-detection CFAR cannot 
be done accurately, because it sets an amplitude thresh-
old based on the results of estimating the distribution and 
attempts to detects targets while maintaining a constant 
false-alarm rate [2,3]. 

As an example of estimation for the ranges containing 
no target, the observation data for range number 6 (n = 6) 
and graphs of probability distributions using the coeffi-
cients calculated by maximum-likelihood estimation are 
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shown in Figure 4. The vertical axis is the probability, 
and the horizontal axis shows the amplitude of the re-
flected signal. The line-segment graph is the reflected- 
signal-amplitude observed data, and the curved lines are 
the probability density distributions. This confirms, even 
visually, that for ranges where there is no target the Wei- 
bull distribution corresponds better to the data regardless 
of whether the SWH is high or low. 

4. Effect on the Reflected Amplitude  
Distribution by Changes in the Sea  
Surface 

In order to investigate how changes in the state of the sea 
surface affect the statistical characteristics of sea clutter, 
we analyzed the correlation between the SWH and wave 
period and the parameters calculated from the distribu-
tion estimation, for the 65 observation data sets under  
 

 
(a) 

 

 
(b) 

Figure 4. Result of distribution estimation for range num-
ber 6. (a) Significant wave height of 1.27 m; (b) Significant 
wave height of 0.21 m. 

study and the range with no reflective objects other than 
waves (range no. n = 6). 

4.1. Sea Surface Changes 

Changes in the height and period of significant waves 
during the observation period are shown in Figure 5. The 
horizontal axis shows the observation numbers assigned 
to each observation in order. The results show SWH 
ranging from 0.21 to 1.27 m and wave period ranging 
from 3.1 to 5.1 s. 

4.2. Sea Surface and Estimated Parameter 
Changes 

How the parameters of each distribution changed as the 
state of the sea surface changed is shown in Figure 6. 
The horizontal axis shows observation number, while the 
vertical axis shows the Weibull distribution shape pa-
rameter, c, the Log-Weibull distribution shape parameter, 
c, and the Log-normal distribution standard deviation, σ. 
As the state of the sea surface changed, the shape pa-
rameter, c, of the Weibull distribution fluctuated between 
1.74 and 6.38, that of the Log-Weibull between 6.38 and 
28.17, and the standard deviation, σ, of the Log-normal 
distribution ranged from 0.214 to 0.576. 

4.3. Relation between SWH and Estimated  
Parameters 

The correlations between the SWH and the shape pa-
rameter, c, for the Weibull distribution, which conformed 
better when the SWH was both high and low, and the 
Log-Weibull distribution, are shown in Figure 7. From 
this we see that the shape parameter, c, for the Weibull 
distribution had a correlation coefficient of 0.755, and for 
Log-Weibull distribution it was 0.794, so the Log-Wei- 
bull distribution showed a stronger correlation. 
 

 

Figure 5. Observed sea condition. 
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Figure 6. Variation of estimated distribution. 
 

4.4. Relation between Wave Period and  
Estimated Parameters 

The correlation between wave period and the shape pa-
rameter, c, for the Weibull and Log-Weibull distributions 
are shown in Figure 8. The correlation coefficient for the 
Weibull shape parameter, c, is 0.436, and for the Log- 
Weibull distribution it is 0.499, so both are only weakly 
correlated. 

5. Conclusions 

We made observations of the sea clutter using X-band 
radar and the state of the sea surface in the area of the 
Uraga Suido Traffic Route, where vessels enter and leave 
Tokyo Bay, including the Daini Kaiho Sea Fortress. We  

 

Figure 7. Correlation between significant wave height and 
estimated distribution. 
 

 

Figure 8. Correlation between wave period and estimated 
distribution. 
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estimated the distribution of the sea clutter reflected am-
plitudes using Weibull, Log-Weibull, Log-normal and 
K-distribution models. We then compared the results of 
estimating the distributions with the sea-surface state 
data and studied the effects of changes in sea state on the 
statistical characteristics of the sea clutter. 

As a result, ranges not containing a target conformed 
better to the Weibull distribution regardless of SWH, but 
observed ranges containing a target conforming more to 
the Log-Weibull distribution when the SWH was high, 
and conformed to a Log-normal distributions when the 
SWH was low. Also, for observed ranges not containing 
a target, SWH and the shape parameter, c, of the Weibull 
distribution correlated with correlation coefficient of 0.755, 
and for the Log-Weibull distribution this figure was 0.794. 
The correlation between wave period and Weibull distri-
bution shape parameter, c, had a coefficient of 0.436, and 
for the Log-Weibull distribution, the coefficient was 
0.449, so both were only weakly correlated to wave pe-
riod. 

In the future, it will be necessary to study new thresh-
old detection CFAR methods that detect targets more 
accurately by setting thresholds using the distribution 
estimation results we have studied, and also to examine 
the use of SWH and other approaches to setting thresh-
olds. 
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