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Abstract 

It is aimed at the problem of forward-looking SAR micro-motion target detection in this paper. The 
traditional dual-channel SAR DPCA cancellation principle is analyzed and a dual-channel DPCA model of 
forward-looking SAR is proposed, the amplitude and phase characters of the signal after DPCA cancellation is 
studied, the distance domain of the micro-motion target is determined, then the micro-motion target detection is 
probability under different echo SNR with Monte-Carlo Operation, when the echo SNR is bigger than -5dB,and 
the target detection probability is greater than 90%. 
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1. Introduction 

The dual-channel SAR ground moving target detection algorithm include: Space Time Sdaptive Processing 
(STAP) technique[1]-[3], Along Track Interferometry (ATI)[4]-[5], displaced phase center antenna (DPCA) clutter 
cancellation[6]etc..The traditional dual-channel side-looking SAR target detection system require two sub 
channels,it increases the complexity of radar front-end, because of the special geometric structure of 
forward-looking SAR,the dual-channel mode could be simple realized through changing the antenna transmit 
and receiving order on the premise of not increasing the hardware resources. The dual-channel DPCA 
micro-motion dection method is worthy of study in the forward-looking SAR system. 

2. Dual-Channel DPCA Cancellation Principle 

Because of the simple principle, DPCA clutters reject is widely used in SAR moving target detection system.The 
stationary target echo phase of different apertures is consistent but the moving target echo phase is inconsistent, 
so the stationary target is preserved after clutter cancellation, the clutter cancellation formula could be expressed 
as: 

1 2( ) ( ) ( )DPCA t s t s t= −                                 (1) 

In which, 1 2( ), ( )s t s t are the echoes of the channels. 

In the side-looking SAR DPCA system, the subaperture is composed of different sub antennas, the 
physical structure of traditional DPCA platform is shown in Figure 1. In order to keep sub aperture phase center 
consistency, the flight velocity equals the distance between the antennas’ divided transmitted pulse period. 

 
Figure 1. dual-channel DPCA cancellation principle 
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3. Dual-Channel Forward-Looking SAR DPCA Principle 

There are a plurality of antenna array in the azimuth of forward-looking SAR, so it does not need to modify the 
radar front-end hardware when the DPCA technology is applied to the forward looking SRA.The antennas could 
be divided into two groups and the consistency of the phase center need to be considered.The send and 
receive sequence as shown in figure 2 could meet the requirements. 

 

Figure 2. forward-looking SAR DPCA working mode 

 

As shown in Figure 2, the antenna arrays of forward-looking SAR DPCA working mode are grouped 
into: (Antenna 1 transmit, Antenna 4 receive), (Antenna 1 transmit, Antenna 4 receive) (Antenna 1 transmit, 
Antenna 4 receive) (Antenna 1 transmit, Antenna 4 receive) etc.. when t=T0, Antenna 1 transmit, Antenna 4 
receive, forming subaperture 1, when t=T1, Antenna 2 transmit, Antenna 3 receive, forming Subaperture 2, when 
t=T2, Antenna 2 transmit, Antenna 5 receive, forming Subaperture 1, when t=T3, Antenna 3 transmit, Antenna 4 
receive, forming Subaperture 2, and so on. Figure 2 clearly shows that the phase centers of subaperture 1 and 
subaperture 2 is consistent. 

4. Dual-Channel Forward-Looking SAR Micro-Motion Target DPCA Model 

As shown in Figure2, the distance between antennas could be expressed as: 

d=mTa                                                             (2) 

The equivalent phase center of the subapertures is half of d,its working mode could be approximated as two 
antennas transmit and receive independently. At any time of t,the slant-range between forward looking targets 
and radar antennas can be expressed as : 

2 2 2
1 0 0 0( ) ( ) cos( )aR t V t x y H r tω φ≈ − + + + +                            (3) 

Then at any time of t, the slant-range of equivalent aperture and radar forward looking target can be expressed 
as: 

2 2 2
2 0 0 0( ) ( ) cos( )aR t d V t x y H r tω φ≈ − + − + + + +

                        
(4) 

Register the formula (4) and obtain: 
2 2 2

2 . 2 0 0 0( ) ( ) ( ) cos[ ( ) ]reg aR t R t mT V t x y H r t mTω φ= + ≈ − + + + + +
            

(5) 

According to the above assumption of parameters of the radar, radar echoes of subaperture 1 and subaperture 2 
can be expressed as: 

1 1
1

2 ( ) 4 ( )
( , ) [ ( )]exp[ ]

R t R t
s t A Sinc B j

c

πτ τ
λ

= ⋅ − −
                   

(6) 

( ) ( ) ( )2 2
2

2 4
, expreg regR t R t

s t A Sinc B j
c

π
τ τ

λ
⋅    

= ⋅ − −                                 (7) 

The expression for the azimuth echo can be expressed as: 
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( ) ( )1
1 0

4
exp

R t
s t A j

π
λ

 
= − 

 
                                   (8) 

( )2
2 0

4
( ) exp regR t

s t A j
π

λ
 

= − 
  

                                 (9) 

5. DPCA Cancellation Signal Characteristics 

The ideas of DPCA is[9]: make each sub-aperture echo cancellate and eliminate the effects of stationary target 
and background.To detect the micro-motion targets, we assume: 

( )1
1

4
-

R tπ
φ

λ
Δ
= 。                                      (10) 

( )2reg
2

4
-

R tπ
φ

λ
Δ
= 。                                     (11) 

In which ( )1R t。 and ( )2regR t。  can be expressed as: 

( ) 1
1 -

4
R t

λφ
π

=。                                      (12) 

( ) 2
2reg -

4
R t

φ λ
π

=。                                     (13) 

With the principle of DPCA: 

1 2

1 2

1 2 1 2

( ) ( ) ( )

[exp( ) exp( )]

sin( )exp( )
2 2

DPCA t s t s t

A j j

A j

φ φ
φ φ φ φ π

= −
= ⋅ −

− + +
= ⋅

                     (14) 

With formula (12) and formula (13), formula (14) could be expressed as: 

0 2 1 1 2

2 2
( ) 2 sin[ ( ( ) ( ))]exp{ [ ( ( ) ( )) ]}

2reg regDPCA t A R t R t j R t R t
π π π
λ λ

= − − + +           (15) 

After taking formula (3) (5) (6) into the equation (15), its absolute value is: 

( ) ( ) ( )( )2 1

2
2 sin reg

c

DPCA t A R t R t
π

λ ⋅

 
= ⋅ − 

 
( ) ( ){ }0 0

2
2 sin cos cosA r t mT t

π ω φ ω φ
λ

 ≈ ⋅ + + − +    
     

0

4
2 sin sin sin

2 2

d d
A r t

V V

π ω ωω φ
λ

    = ⋅ − + +        
             (16) 

The Taylor series expansion of formula (16) can be expressed as: 

 0

8
| ( ) | | sin( ) sin( ) |

2 2

d d
DPCA t A t

V Vα α

π ω ωγ ω φ
λ

≈ ⋅ ⋅ ⋅ + +                 (17) 

Because the forward-looking SAR imaging process time is very short, the value of t is small, also, because the 
target belongs to the micro-motion category, the value of tω  is very small, then we can assume that sin .θ θ≈
then: 

| 0

4
sin( )sin( ) |

2 2m
c

d d
t

V Vα α

π ω ωγ ω φ
λ

− + +
2 1

18
m

cV

d
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πγ ω π
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≤ ≤                 (18) 

Therefore, the conditional expression of equation 17 can be written as: 
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36
c

m

V

d
αλγ ω ≥                                       (19) 

Where mγ ω  is instantaneous line speed which is caused by the target micro-motion angular velocity,for the 
formula (19), the motion parameters of micro-motion target studied in this paper can be met.By the formula (17), 
after DPCA clutter cancellation the amplitude conversion of  micro-motion target forward looking SAR echo 
signal may be represented as a sinusoidal function formed of ( )sin( )A tω φ+ ,where the value of A is affected by 
the target micro-motion amplitude and frequency. 

According to equation (16), the phase characteristics of DPCA cancellation signal could be expressed as: 
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= − − + + + + + +    

     

  （20）               

Formula (20) shows that, phase characteristics of the cancellation signal through DPCA also have a sinusoidal 
modulation characteristics, through the above analysis, both the amplitude and phase of the forward-looking 
SAR echo after cancellation through DPCA have a sinusoidal modulation characteristics[10]. 

6. The Simulation of Cancellation Signal through DPCA 

Suppose that there exists a micro-motion target and a stationary target in the imaging scene, in order to facilitate 
the analysis, the target detction process performance is simulated with MATLAB. Radar parameters is shown in 
Table 1; Target motion parameters is shown in Table 2: 

 

Table 1. Radar parameters 

Parameters Value Unit 
Wavelength 0.0033 m 
Radar velocity 300 m/s 
Frequency modulation rate 100 MHz/s
The number of antenna array elements 60  
Pulse width 1.5 μs 
Radar platform height 1000 m 
Pulse frequency 10 KHz 

 

Table 2. Target motion parameters 

parameters target 1 Stationary target unit 
micro-motion radius 40 0 m 
micro-motion angular velocity 0.5π  0 rad/s 
movement center coordinates (380，300) (500，300) m 

 

The simulation results are shown as Figure 3 and Figure 4, the raw data of sub-aperture 1 and sub-aperture 2 are 
shown as Figure 3(a)(b), the figure shows that we are unable to determine whether exists micro-motion target 
scene in the original signal.The imaging result of sub-aperture 1 is shown as Figure 3 (c), the imaging result of 
sub-aperture 2 is shown as Figure 3 (d), with Formula (19) and Formula (20), the parabola pixels appear in the 
image,it proved that there have micro-motion target in the sence. 
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(a) raw data of sub-aperture 1         (b) raw data of sub-aperture 2 

  

(c) imaging result of sub-aperture 1 (d)imaging result of sub-aperture 2 

Figure 3. raw data and imaging results of sub-apertures 
 

In Figure 4, micro-motion components have been preserved after cancellation through DPCA, two parabolas 
occurs in the image because that the radar carrier aircraft is in the different range coordinate of sub-aperture 1 
and sub-aperture 2 imaging. We can choose radar carrier aircraft speed to compensate to solve this problem. 

 

Figure 4. Results of cancellation signal through DPCA 

 

Figure 5 (a) is the azimuth accumulated results of cancellation signal through DPCA，it can be clearly seen that 
in the image peak value appears in the coordinate of 380, it is the micro-motion target range position located.In 
order to achieve the effect of automatic detection, we can set a threshold, the threshold value is κ  times of the 
standard deviation of the local data, the value of κ  determines the probability of false alarm of detection.In 
order to verify the detection results, calculate the target detection probability under different SNR with 
Monte-Carlo operation.The simulation results are shown in Figure 5(b): 

Range

A
zi

m
ut

h

子子子 原原原原1

0 100 200 300 400 500 600

10

20

30

40

50

60

Range

A
zi

m
ut

h

子子子 原原原原2

0 100 200 300 400 500 600

10

20

30

40

50

60

Range

A
zi

m
ut

h

子子子1

0 100 200 300 400 500 600

0

50

100

150

200

250

300

Range

A
zi

m
ut

h

子子子2

0 100 200 300 400 500 600

0

50

100

150

200

250

300

Range

Az
im

ut
h

end of DPCA

100 200 300 400 500 600

50

100

150

200

250

300



www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 2; 2015 

190 
 

 
(a) accumulated results along the distance     (b) the simulation results of Monte-Carlo 

Figure 5. accumulated results along the distance 

 

Figure 5 (b) shows that when the SNR of radar echo is greater than -5dB, the micro-motion target detection 
probability reaches 95%. 

7. Conclusion 

It is around the characters of the signal after DPCA cancellation,studied a micro-motion target dection mothed 
based on dual-channel forward-looking SAR DPCA in this paper.A kind of dual-channel  forward-looking SAR 
working mode based on the special antenna transceiver array Structure is proposed. A echo mathematical model 
of the micro-motion target under this mode is deduced, the characters of the signal after DPCA cancellation 
is obtained, The simulation results show the effectiveness of the system. 
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