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In most sea surveillance radars based on non-coherent integration, the scan
integration which improves signal to noise ratio and mitigates unwanted echo with a
small correlation time such as sea clutter is widely used. The problems of the
conventional scan integration are: (a) the target trail is generated through integrating
prior scan and current scan; (b) it is difficult to detect a small and fast moving target
because of the attenuated small target echo caused by scan integration. In this paper, the
conventional scan integration algorithm is analyzed in order to overcome the above
problems, and then a simple and efficient scan correlation algorithm is proposed to
remove the target trail. The proposed scan correlation algorithm uses the difference the
current and the prior CFAR processed scan video. Compared to the conventional scan
correlation algorithm, the proposed method is very simple and efficiently removes the
target trail. The computer simulation results show that the proposed algorithm can
extract a fast moving target without a target trail.
Keywords: Sea Clutter, Scan Integration, Constant False Alarm Rate, Target Trail
Removal, Scan Correlation, Sea Surveillance Radar

1. Introduction
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Radar unfortunately receives not only desired target echo but also unwanted echo
caused by the natural environment. Clutter is the term used to denote unwanted echoes
and can be classified into rain, cloud, ground, sea, and others [1-2]. It makes difficult the
detection of wanted targets. Especially, sea clutter depending on the shape of the sea
surface is not so easily canceled as ground clutter since the former is moving and
fluctuating while the latter is almost fixed. Sea clutter becomes a more serious problem
when small, slowly moving boats have to be detected within sea waves.
A large proportion of radars use only the envelope of the received signal in their
processing. Since they do not use the signal phase, these systems can be non-coherent
from pulse to pulse, and in consequence can use simple transmitters such as pulsed
magnetrons and their receivers may employ a logarithmic detector that provides wide
“dynamic range” and facilitates the analog calculation of products, ratios, and powers.
The envelope of sea clutter after logarithmic detector is distributed roughly according to a
Rayleigh probability distribution [3-5]. In most sea surveillance radars with non-coherent
integration, Scan Integration (SI) algorithm is used to extract stationary and slow moving
targets with a small signal to noise ratio and suppress unwanted echo with small
correlation time. Since the scan rate of sea surveillance radar is about 3 to 30 revolutions
per minute, echoes of sea clutter at the identical position from two consecutive scans are
obviously uncorrelated to each other [6]. The problems of conventional SI are that a target
trail is generated by integration of the current scan and prior scans for fast target with high
Radar Cross Section (RCS), and the detection of a small, fast target is difficult due to
attenuated small target echo. For the purpose of target trail removal, the conventional
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Scan Integration/Correlation (SIC) algorithm comprising signal weighting and signal
selection is used. In the conventional Scan Correlation (SC) algorithm, two thresholds are
required, derived from the clutter level [7]. For each resolution cell, if prior integrated
scan amplitude and current scan amplitude concurrently exceed the two thresholds, the
prior integrated scan amplitude is fed to the next processing stage; otherwise a zero is
sent. Generally, this conventional algorithm can only detect small, stationary, and slowly
moving targets, and has more complexity.
In this paper, the problems of the conventional scan integration are analyzed by using a
series analysis and then, a simple and efficient scan correlation algorithm is proposed. The
proposed scan correlation algorithm uses the difference the current and the prior constant
false alarm rate (CFAR) processed scan video. Compared to the conventional scan
correlation algorithm using three thresholds, the proposed method is very simple because
it operates with only one threshold. Also, the proposed method efficiently removes the
target trail.

2. Scan Integration

2.1. Radar Signal Processing

The signal processing of a sea surveillance radar system suffers from sea clutter,
receiver thermal noise, etc. There are so many signal processing techniques to suppress
the unwanted echoes and detect target echoes.
The reflected echo is represented with the consideration of two cases in which the input
has the target echo, the clutter echo and the receiver noise and only the clutter echo and
the noise [8]. Hence, the radar video can be written as:
 s n (t )  c n (t )  v n (t )

rn ( t )  
 c (t )  v (t )
n
 n

t  tn

(1)

t  tn
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where n is the scan index, tn is the elapsed time corresponding to the target range, sn(t) is
the target echo, cn(t) is the clutter that assumed a short time correlated and normally
distributed process. vn(t) is the receiver noise that assumed a white Gaussian noise.
The radar video is sampled by an Analog to Digital (A/D) converter for digital signal
processing. A/D converted video data are stored during several Pulse Repetition Intervals
(PRIs), and those are processed by a pulse to pulse integration algorithm to obtain
improved Signal to Noise Ratio (SNR). This process is called the non-coherent
integration. The pulse integrated video can be written as:
 h1 , n [ k ]

an[k ]  
h [k ]
 0,n

k  pn

(2)
k  pn

where h1,n[k] is the video with the target echo at the n-th scan, h0,n[k] is the video without
the target echo at the n-th scan, k is the range cell index and pn is the range cell index with
respect to the target range.
2.2. Conventional Scan Integration
The conventional scan integration is performed to allow increasing Signal to Clutter
Ratio (SCR) for the sea clutter with short time correlation. Generally, the sea clutter spike
occurs at a random range cell for consecutive scans. By recursive integration of several
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Figure 2. Conventional Scan Integration Algorithm
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scans, the clutter level is reduced while stationary target amplitude remains. In this way,
small stationary targets emerge from the clutter.
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The conventional scan integration can be expressed by recursive equation given by:
An [ k ]  α  An 1[ k ]  β  a n [ k ]

(3)

where An-1[k], An[k] is the integrated video up to the (n-1)-th and the n-th scan,
respectively. an[k] is the current scan video at the n-th scan and α, β is the weighting
factor for the priori integrated video and the current video, respectively.
The recursive equation in (3) can be rewritten as follows:
n- 1

An [ k ]  β



m

α anm [k ]

(4)

m0

where

a n-m

 h1 , n  m [ k ]

[k ]  
h
 0,n  m [ k ]

k  pn

(5)

k  pn

Substituting (5) into (4) results in:

k  pn

(6)

k  pn
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n 1


m
 β  α  h1 , n  m [ k ]
 m0
An [ k ]  
 n 1 m
 β  α  h0 ,n  m [ k ]
 m0

3.2. Analysis of Scan Integration
In the case of a stationary target, the cell index of the target range at the current scan is
assumed to be almost identical with those at the prior scans. In addition, if the target
fluctuation is according to the Swerling model 0 (i.e., constant RCS), the amplitude of the
sampled target echo is analogous with those at the prior scans. Therefore, the following
assumption can be made:
h1 ,1 [ p 1 ]  h1 , 2 [ p 2 ]    h1 , n [ p n ]

(7)

From the above assumption, the expectation of (6) is derived by using the geometric
series and the constraint the weighting factor of SI, which can be written as:
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(8)
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n 1
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The expectation of integrated scan without target echo after SI can be obtained by same
approach. As one can see, the radar video with target echo and non-target echo are
attenuated to mean level. Generally, because the amplitude of the radar video with target
echo is greater than the amplitude of the radar video with non-target echo, the CFAR
processing can detect the target. In the case of a fast moving target, its cell index of the
target range at the current scan can be assumed to be different from those at the prior
scans. From these factors, the following assumption can be made:
p1  p 2    p n

(10)

According to (10), the expectation of (6) can be derived as the following equation.
 βh 1 , n [ k ]  αΔh [ k ]

E  A n [ k ]  
h [k ]
 0

where

Δh [ k ]  βh 1 , n  1 [ k ]    βα
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[ k ]  βα

n 1

h 1 ,1 [ k ]

(13)

ok

As one can see from (11), not only the video amplitude contained target echo at the
current scan is attenuated by signal weighting, β but the target trail denoted by αΔh is also
generated as a side effect of SI, and Δh is described as the result of SI until prior scan by
(12). The averaged video with non-target echo after SI can be detected as a new target by
CFAR processing if the amplitude of the target trail is greater than the averaged video
with non-target echo.

Bo

3. Scan Correlation
The objective of the CFAR design is to provide a detection threshold that is relatively
immune to variations of the background clutter-plus-noise level and to allow target
detection with a CFAR [9]. A great variety of CFAR processing algorithms [10-12] are
widely used including the well-known Cell Averaging (CA) CFAR detector which is used
in this paper.
In this approach, the proposed scan correlation algorithm decides whether the detected
target by CFAR processing is the real target or the target trail caused by scan integration.
If the difference of a current CFAR video and the prior CFAR video multiplied by α
(weighting factor of prior scan in scan integration) is greater than a decision threshold,
then the detected target is determined as a real target. Otherwise the detected target is
regarded as a target trail. The radar signal processing structure with the proposed scan
correlation algorithm can be configured as follows:
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Figure 3. Proposed Signal Processing Structure with Scan Correlation
Algorithm
From (8), that is to say, in the case of the stationary target, the CFAR video can be
denoted as follows:
 h1 [ k ]

C n[k ]  
0


k  pn

(14)

k  pn

The difference between the current CFAR video and the prior CFAR video multiplied
by α is described as follows:
 β  h1 , n [ k ]

C n [ k ]  α  C n 1[ k ]  
0


k  pn

(15)

k  pn

Also, from (11) and (12), the CFAR video of the fast moving target can be denoted as
follows:
 β h1 , n [ k ]  βα h1 , n  1 [ k ]    βα h1 , n  j [ k ]

C n[k ]  
0
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j

where j is the scan index satisfied the condition,

k  pn

(16)

k  pn

j

βα h1 , n  j [ p n  j ]  V TH

and VTH is the

CFAR threshold. As one can see, the target trail is generated by the fast moving target
from (16). This target trail has to be removed because it is a virtual target due to the scan
integration. The difference between the current CFAR video and the prior CFAR video
multiplied by α is described as follows:
 β  h1 , n [ k ]  β 

C n [ k ]  α  C n 1 [ k ]  
0


Since the second term,

β

j 1

h1 , n  j  1 [ k ]

j 1

h1 , n  j  1 [ k ]

k  pn

(17)
k  pn

is very small, therefore the above equation can

be simplified as follows:
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 β  h1 [ k ]

C n [ k ]  α  C n 1[ k ]  
0


k  pn

(18)
k  pn

From (15) and (18), the output of the scan correlation algorithm can be expressed as
follows:
  C n [ k ]    C n 1[ k ]

(19)
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  C n [ k ]    C n 1[ k ]

A

C n[k ]

D n[k ]  
0


Figure 4. Proposed Scan Correlation Algorithm
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For the implementation of the proposed scan correlation algorithm, the decision
threshold should be set considering the fluctuation of target echo and variation of sea
clutter.

4. Computer simulation
A computer simulation is performed to evaluate the proposed scan correlation
algorithm’s performance of detecting a small and fast moving target without target trail
effect.
The simulated radar video has five targets, sea clutter and receiver thermal noise. Five
target echoes are configured two stationary targets and three moving targets with different
speeds that are 30, 60, 90 knots of radial velocity, respectively. Also, sea clutter is
generated utilizing Morchin’s sea clutter model [13] with Rayleigh distribution at sea
state 3. The simulated radar video is sampled by 8 bits A/D converter. According to the
proposed signal processing structure, sampled A-scope videos are fed into the pulse
integration step. In this paper, the pulse integration is performed by Censored Video
Integration (CVI) [14] algorithm with 8 pulses. The CVI follows Ritcey’s estimator which
combines sorting and censoring with an averaging of the remaining samples with a non-
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uniform weighting law and is also immune to spikes, yet suffers a smaller loss than the
binary integrator.

Figure 5. Pulse Integrated A-scope
Video

Figure 7. CFAR Processed A-scope
Video

Figure 6. Scan Integrated A-scope
Video

Figure 8. Scan Correlated A-scope
Video
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The results of the pulse integration and the scan integration are depicted in Figure 5
and Figure 6, respectively. After conventional SI, it is shown that sea clutter is suppressed
but target trails are generated. In this paper, the Cell Averaging (CA) CFAR algorithm
[15] is employed. In Figure 7, the target trails generated by T3 and T5 are regarded as
new targets by CFAR processing. These targets are the virtual targets of T3 and T5 and
should be removed using a scan correlation algorithm. The result of the proposed scan
correlation algorithm is depicted in Figure 8. Only the real target echo is detected without
the target trails.

5. Conclusion
In this study, the conventional scan integration has been analyzed by using the
geometric series and the novel scan correlation algorithm using the difference of the
consecutive CFAR processed video has been proposed to detect a small and fast moving
target through removing its trail. The computer simulation is carried out to evaluate the
performance of the proposed scan correlation algorithm. The simulation results show that
the proposed algorithm is very effective to detect a small and fast moving target without
the target trail. Additionally, the position accuracy which can be extracted from radar
image by the centroid method [16] can be improved by the removal of the target trails.
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