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Abstract. The target detection of radar in sea clutter is very difficult, to improve the detecting performance,
this paper presents a method based on modified Morlet distribution. The time-frequency distribution of sea
clutter without a target is different to that with a target. When without a target, the time-frequency
distribution is emanative, but when with a target, the time-frequency distribution contains a centralized curve
which corresponds to the Doppler frequency shift of target and is named optimum curve. The time-frequency
distribution method requires searching the optimum curve and takes the sum of all points of the optimum
curve as the variable to judge whether there is a target or not in the sea clutter. Some numerical tests of real
data sets to the fix target, even speed moving target and mobile target prove that this method can improve the
fix target and mobile target detection performance in sea clutter 2~3dB compares with CFAR method.
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1. Introduction
Generally, sea clutter is the back scatter echoes reflected by the surface and received by radar, and it is
the main clutter source of surface search radar and navigation radar. The sea clutter can lower the radar
detection ability for surface target obviously, especially some small target, for example periscope, frogman,
ice-block and so on, make the shipping dangerous.
Some studies have proved that the reasons producing sea clutter is very complex. Wind, ocean current,
ocean wave, tide etc. are the factors which can affect the sea clutter, and not only make the Doppler spectrum
of sea clutter irregularly but also make the amplitude statistical distribution of sea clutter cannot be expressed
by a formula. Now, the study for sea clutter is very active, and has obtained some useful result. For example,
a number of semi-empirical models for the sea clutter reflectivity calculation have been developed, there are
GIT,TSC,HYB,SIT etc..The most popular models for describing the sea clutter amplitude distribution are
Non-Gaussian[1], Rayleigh, Log-Normal, Weibull[2] and K-distribution[3][4]. But these models can not describe
all the basic characteristics of sea clutter because they are obtained from statistic of experiment data.
According to the development of signal processing, some new methods are used to analyze the
characteristics of sea clutter, for example, Chaos Theory[5-7], Multi-fractal Analysis[8], Wavelet Analysis and
Artificial Neural Network[9].
Time-frequency distribution is a non-linear transform to non-linear signal. Some researchers have
studied the application of time-frequency distribution to the sea clutter to get more information by
transforming 1-D time signal to 2-D time-frequency image, and then distinguish the clutter and target[10-12].

2. Time-Frequency Distribution
T. Thayaparan and S. Kennedy have studied the application of 12 kind of time-frequency method on the
sea clutter with a real target in reference [13]. This paper selects the modified Morlet distribution because
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this distribution is very optimize in processing moving target and mobile target. The formula of modified
Morlet distribution is
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and v0 is the initialization of vˆ( x; t , a) , Th (t ) = th(t ) , Dh (t ) = dh(t ) dt , h(t ) is Gauss window, SCx (t , a; h)
is quantum figure, Tx (t , a; h) is Wavelet transform.
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3. Time-frequency Distribution Characteristic of Sea Clutter
This part we will explain the difference of time-frequency distribution of sea clutter with a target and
without a target by a example.
The dataset are sampled from a coastal defense surveillance radar, The radar is located at Xiangshui
Harbor Hainan China, and works at X-bond and plane polarization.
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Fig. 1: Time-frequency distribution of sea clutter

Time/S

Fig. 2: Time-frequency distribution of a mobile moving target

Data set 1: no target
Data set 2: a mobile moving target
After doing time-frequency transform to data set 1 and data set 2, we get the time-frequency distribution
image show as figure1 and figure 2 respectively. It is obvious that the time-frequency distribution of sea
clutter is very unorderly, but that of a mobile moving target contains a clear focused strip.

4. Detector based on time-frequency distribution
4.1. Optimal curve
From the past part we know that there is frequency trip in the time-frequency distribution chart of the sea
clutter with a target. According to the calculation we can draw a conclusion that this frequency trip is same
as the Doppler frequency shift. We define this frequency trip as optimal curve, and it is obvious that the
optimal curve can be as the reason whether there is a target or not in the sea clutter.
Defines S(m,n) as the time-frequency distribution of signal s(n), there m=1,2,……M is the abscissa of
time, n=1,2,……N is the ordinate of frequency, and D is the max range of Doppler frequency shift. First,
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selects a start point S(l,k) randomly, figure 3 is the example that S(3,4) is the start point and D equals 2 times
frequency unit, then
a. From the start point S(l,k), rightward and search out the max value point S (l +1 kj,) at time l+1
between S(l+1,k-D) and S(l+1,k+D), kj is the frequency ordinate and k-D≤kj≤k+D). In the example figure 3,
S(4,3) is the max value point between S(4,2) and S(4,6).
b. Take S (l+1, k j) as the new start point, rightward and search out the max value point at time l+2
between S(l+2,k j -D) and S(l+2,k j +D).
c. Use the same method, search out the max value point at time l+3, l+4, ……, N.
d. From the start point S(l,k), leftward and search out the max value point S (l -1 k i,) at time l-1 between
S(l-1,k-D) and S(l-1,k+D), ki is the frequency ordinate and k-D≤ki≤k+D). In the example figure 3, S(2,6) is
the max value point between S(2,2) and S(2,6).
e. Take S (l-1, ki) as the new start point, leftward and search out the max value point at time l-2 between
S(l-2,ki -D) and S(l-2,k i +D).
f. Use the same method, search out the max value point at time l-3, l-4, ……, 1.
g. Now we have search out N points with the start point S(l,k), the N points compose one curve. Because
there are M×N points, we can search out M×N curves using the same steps.
h. Sum all points’ value of every curve, and the optimal curve is the one has max sum value.
i. Compare the max sum value with the limiting, if larger we consider it is a target, if smaller we consider
it is clutter.

Fig. 3: Method for searching the optimal curve

4.2. Detector based on time-frequency distribution
Then we can describe the detector based on time-frequency distribution using figure 4.
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Fig.4: Time-frequency distribution detector

The signal of echoes is input into the detector. First transform the signal using time-frequency
distribution, then search out the optimal curve and sum all points of the optimal curve. At the same time
analysis the mean square and calculate the detecting limit. The function of weight is adjusting the limit
manually. Compare the sum value with the limit, if the result is larger, the signal is a target, otherwise, the
signal is clutter.

5. Applications
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5.1. Optimal curve
Use the sea clutter data set of part 3 and the mothod part 4 introduced, search out the optimal curve in
time-frequency distribution plots of sea clutter with a target or withou a target. Figure 5 is the optimal curve
without a target, figure 6 is the optimal curve with a mobile target.
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Fig. 5: Optimum curve of sea clutter without target

Fig. 6: Optimum curve of sea clutter with a target

5.2. Detecting limit
Use 500 samples of sea clutter, search out the optimal curve of every sample and calculate the sum
value Tmax. Then there are 500 Tmax,s, rank them in order of size as show in figure 7. If the probability of false
detecting equals 0.01(PFD=0.01), then the limit T0 should be set to the value larger than which there are
500×PFD in 500 Tmax,s, the value equals the mean of the 5th Tmax, and the 6th Tmax,. In figure 7, the horizontal
line is the mean of the 5th Tmax, and the 6th Tmax,, which is the detecting limit and equals 2577.

Tmax
Sample

Fig. 7 Tmax and threshold of samples

5.3. Target detecting
The radar work in X band and plane polarization, the environment is moderate sea state. We have
sampled 3 group data set, every group contains 500 sea clutter signal. Group 1 is sampled from a fixed target
and sea clutter. Group 2 is sampled from a even-speed moving target and sea clutter. Group 3 is sampled
from a mobile moving target and sea clutter.
Set PFD=0.01, calculate Tmax of every sea clutter sample, and then do target detecting. First evaluate the
detecting limit, then search out the optimal curve of time-frequency distribution and sum all points, last
compare the sum value with the limit, if the result is larger, the signal is a target, otherwise, the signal is
clutter.

Fig.8: PND of fix target
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Fig.9: PND of target with fixed speed

SCR(dB)

Fig.10: PND of mobile target

Figure 8, figure 9 and figure 10 show the detecting performance for fixed target, even-speed moving
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target and mobile moving target respectively. These figure also show the detecting performance between
CFAR method and time-frequency distribution method. The abscissa is signal clutter ratio(SCR), the
ordinate is probability of no-detecting (PND).
From figure 8, figure 9 and figure 10, we can draw some conclusion as follows.
a. For the slow moving target or fixed target, the detecting performance of time-frequency distribution
method is better than that of CFAR method in same SCR. But when the SCR is very small, the two methods
cannot detect the target.
b. For the even-speed moving target, the two methods have same detecting performance and when the
SCR is very small, the two methods all cannot detect the target.
c. For the mobile moving target, the detecting performance of time-frequency distribution method is
better than that of CFAR method obviously, improves about 2-3dB.

6. Summarization
This paper has analysised the time-frequency distribution characteristics of sea clutter using real radar
data. According to the difference of characteristics between with a target and without a target, this paper
presents a target detecting method based on time-frequency distribution and explains the main idea, design of
detector, set of limit and parameters. The detecting performance of this method has been tested to the fixed
target, even-speed moving target and mobile moving target, the result shows that the performance has
improved obviously to the slow-moving target and mobile moving target in despite of that has not improved
to the even-speed moving target. This target detecting method can be used to the real radar.
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