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I. Introdction
Recently, security checkpoints has attracted much attention. 
Many public places like airports, customs, railway stations etc. 
Have a high demand for the accuracy , real-time capability and 
intelligentize of the security system. However it is still difficulties 
to check out something that hidden in human body, Traditional 
security testing equipment (Metal Detection, X-ray imaging 
equipment) have many defects[8].
Metal detectors can inspect knives, guns and other fobidden 
metal objects that someone takes, but it can’t detect modern 
dangerous items like ceramic tool and liquid explosives; X-ray 
imaging equipment are ionizing, so it is unfit for personnel security 
check[1].
From methods mentioned above, the traditional security 
checkpoints equipment are not suitable for public. In this paper, 
we use the method of active millimeter-wave security checkpoints 
imaging. Millimeter-wave holographic imaging for concealed 
weapon detection was originally proposed by Farhat and Guard[10]. 
The reason why we choose this method is millimeter-wave has 
the features of penetrativity and nonionizing which can be used 
for security checkpoints. Since passive imaging system cannot 
complete 3-D imaging so we instead choose the active method, by 
which the security checkpoints imaging system emits millimeter, 
then detect the backscatter data to apply w-k algorithm (also called 
Range Migration Algorithm,RMA) to reconstruction the image 
of the be tested object.

II. 3-D  RMA  
Because of security checkpoints imaging is near-field, the distance 
only can lead to phase change, it doesn’t influence on the range so 
we consider using RMA Which is a wavefront inversion method 
and originates from seismics engineering and geophysics[1]. 
3-D RMA is an extension of the 2-D range migration algorithm 
(RMA). The RMA algorithm,as all SAR algorithm, is based on 
a linearization of the electromagnetic wave scattering problem. 
So it requires a one-dimensional (1-D) interpolation (known as 
stolt interpolation) to compensates completely the curvature of 
the wavefront , no matter it’s 2-D or 3-D RMA. 
Assuming that 2-D synthetic aperture is planar and within the near-
field zone of the target. Frequency domain backscatter data can 
be obtained by using a stepped frequency radar which is required 

by the algorithm[2]. The frequency-domain data is preferred 
because the RMA realizes the reconstruction of the target image 
in frequency wavenumber domain. 
The measurement configuration of Planar aperture 3-D imaging  
is shown in Fig.1. The source is assumed to be at the position (xa,-
R0,za) , the distance R0 between antenna element and target plane. 
Scan stepped 

ax∆  and 
az∆  in the horizontal and vertical cross-range 

directions, respectively. The two-way frequency wavenumber is 
directly associated with frequency, c is the speed of light. A 
general point on the target is assumed to be at the position (x,y,z) 
and the reflectivity function σ(x,y,z), then the acquired backscatter 
data is d(xa,kr,za)

[3].
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Fig.1 : Measurement and imaging geometry


         




      

        






                

         

       












 



        

 

           

          



    
    

            

 
 



                    

            

 
 



                      

 







 











                    

      





 











                   


 



 


 











    























      

   






















      




























  

      

      






















 

      


    

 








     


  

        
         

          
       
 

        
   

     

            


           

Abstract
Millimeter wave (MMW) imaging technology has using three-dimensional W-K (also called Range Migration Algorithm, RMA ) to 
reconstruct a focused image of the concealed object through its reflect waves, and this technology is well suited for the detection of 
concealed weapons or contraband carried by personnel in airports or other places of safety. In this paper, a wavenumber domain 
algorithm with motion compensation is presented, which also use the stolt interpolation to obtain uniform wavenumber samples 
and compute the Fast Fourier Transform (FFT). The MMW security checkpoints system utilizes a 32.5-37.5 GHz linear sequentially 
scanner to scan targets. Numerical simulations and experimental results have demonstrated the algorithm has high computational 
efficiency and accurate image reconstruction.
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After matched filter , by using the method of Stolt interpolation to 
compensated the residual distance migration and imaging defocus 
that can be implemented as 1-D interpolation change   

Test Data

Frequency Domain Data

Background Data

-

2D Cross-range FFT

Matched Filter 
Exp[-jkrR0+jkyR0]

Stolt interpolation
Kr→ky

3D IFFT 

3D Reflectivity image 

d(xa,kr,za)

D(kx,kr,kz)

S(kx,kr,kz)

S(kx,ky,kz)

S(x,y,z)

Fig. 2 : Block diagram of the 3-D RMA

variables (kr → ky) could modify the amplitude term. The 
reflectivity image can be acquired by applying 3-D IFFT.  

III. Antenna Scan Interval And Imaging Space 
Resolution
The image-reconstruction technique discussed in the above sections 
depended on formation of three-dimensional imaging in the spacial 
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frequency domain. In the experiment, the scanning interval of 
antenna have to be chosen appropriately. When the scanning 
interval is oversize, the data of sample could not reconstruction. 
However, if the interval is undersize, there need more computation 
time which will make the imaging lose practicability [5]. So antenna 
scan interval 

ax∆  , 
az∆  and frequency interval f∆ must abide by 

equation (16)-(18) in theory. 
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Space resolution was decided by the equation (19), (20), (21), 
respectively. Millimeter-wave systems can be very high resolution 
due to the relatively short wavelength (1–10 mm)[9]. The resolution 
obtained in the image can be determined by experiment width of 
the coverage in the spacial frequency domain and the dimensions 
of the synthetic aperture.
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Where λmin is a min wavelength of the antenna; λc is the center of 
wavelength of the antenna ; B is the bandwidth of the antenna; Lx, 
Ly is the range of space scan of the antenna, respectively(allows 
called aperture length); 

zyx DDD ×× is the range of target, but in fact 
the resolution can not reach the theory value.

IV. Simulation Implementation and Result Analysis

A. Simulation result and analysis
Through the theoretical analysis above, in this section, we will do 
the experiment. Single point target and multiple rectangle targets 
are acted as imaging target to simulation. The reference is selected 
in table 4.1.

Table 4.1 : imaging system of simulation reference
reference numerical value

carrier frequency 37.5GHZ
bandwidth 5GHZ

Sample interval: ax∆ 0.005m

the number of antenna element 10000

sample interval: az∆
0.005m

The number of frequency samples (Nf) 200

reference distance (R0) 0.9m

The signal point target is described in Fig.3 which only select a 

cross-section.
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Fig. 3 : Simulation signal target imaging
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Fig. 4 : The experiment scene of model
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Fig. 5 : Simulation double rectangle area target imaging

Where azimuth is x direction, elevation is z direction. To prove 
the stability and effectiveness of 3-D RMA, the simulation of 
experiment scene is described in Fig.4 and then the multiple targets 
are reconstructioned and the result are shown in Fig. 5. Their actual 
size are (0.04m,0.005m) (0.09m,0.005m) and simulation size are 
(0.05m,0.005m) (0.1m,0.005m) respectively. the precision is very 
high. So, the 3-D RMA is reliable and effective.
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B. Experiment result and analysis
Based on the introduction 3-D RMA in this paper, in order to  
verify the feasibility of this algorithm further, we dealt with the 
data of test. The reference coefficient the same as the simulation. 
Then the result of experiment system is shown in Fig.6. 
We can see three-dimensional RMA imaging algorithm is much 
adapt to security checkpoints imaging. According to the imaging 
in figure 6 that is quite close to the actual model. And it only needs 
4 minutes from the measured data of load to the imaging, so we 
can conclude that the proposed method is effective for security 
checkpoints imaging.
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Fig. 6 : Actual measurement handgun imaging

V. Conclusion 
In the paper, 3-D RMA is proposed for security checkpoints 
imaging. The image reconstruction for this system uses near-
field assumptions[7] and has theoretically nearly optimal resolution 
performance, in all three dimensions. The results on simulated 
and real datasets demonstrated the efficiency and feasibility of 
the millimeter-wave imaging technique. And the imaging time 
approximately reach 4 minutes. This procedure is performed 
by Matlab 7.1 codes in a Corell PC platform with a window 7 
operation system, the PC has a dual-CPU running at 1.8GHz and 
a 2G bytes memory configure.
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