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Introduction: Radar-based breast cancer imaging is a promising technique for detecting early-
stage cancerous tumors because of its simplicity and low cost compared with other systems 
such as X-ray mammography and magnetic resonance imaging [1]. Unlike those conventional 
techniques, radar imaging can directly produce three-dimensional tomographic images. In 
addition, radar-based breast cancer imaging does not cause discomfort or pain due to breast 
compression. Moreover, radar systems do not use ionizing radiation. A high-resolution radar 
imaging technique using modified Kirchhoff migration was recently proposed in the field of 
concealed weapon detection systems [2, 3]. In the present study, we applied modified Kirchhoff 
migration to experimental echo data from a breast cancer phantom measured using an ultra-
wideband array radar system developed at Hiroshima University [4-6]. 
 
Materials and Methods: We used a radar system with a center frequency of 3.3 GHz and −10-
dB bandwidth of 2.9 GHz. The system comprises eight transmitting and eight receiving 
antennas, forming a 4 × 4 multiple-input multiple-output (MIMO) antenna array. The entire 
array is mechanically rotated from 0º to 360º at intervals of 3º and effectively functions as a 
virtual large-scale antenna array. Figure 1 shows a photograph of two cubic-shaped cancer 
tumor phantoms measuring 10 × 10 × 10 mm3 embedded in a breast phantom, the relative 
permittivity of which was 𝜀𝜀𝑟𝑟 = 6.  
 
The modified Kirchhoff migration generates an image I(r) as follows: 
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where S1 and S2 are the transmitting and receiving scan surfaces, respectively; r1 and r2 are the 
positions of the transmitting and receiving elements; 𝑅𝑅1 = |𝒓𝒓1 − 𝒓𝒓| and 𝑅𝑅2 = |𝒓𝒓2 − 𝒓𝒓| are 
the propagation path lengths; n1 and n2 are parameters along the normal vectors of S1 and S2; c 
is the speed of the radio wave in the medium; 𝑠𝑠0(𝒓𝒓1, 𝒓𝒓2, 𝑡𝑡) is the signal for the transmitting 
and receiving element at r1 and r2; and 𝜏𝜏 = (𝑅𝑅1 + 𝑅𝑅2)/𝑐𝑐 is the delay time [2, 3]. 
 
Results and Discussion: The left and right images in Figure 2 are the radar images generated 
using conventional delay-and-sum (DAS) migration and modified Kirchhoff migration. The 
images were generated by rendering −3-dB contour surfaces of the normalized three-
dimensional images. The target images formed by modified Kirchhoff migration were smaller 
than those formed by DAS migration, indicating the improvement of the image resolution. In 
particular, the target image size in the z-direction improved by an average of 19% using 
modified Kirchhoff migration. Figure 2 also shows that modified Kirchhoff migration 



emphasizes high-frequency components and thus lowers the signal-to-noise ratio of the image, 
whereas conventional DAS migration can reconstruct smooth target surfaces. 
 
Conclusions: In this study, we applied the modified Kirchhoff migration imaging technique to 
the radar echo data from a breast phantom and breast cancer tissue phantom measured using 
ultra-wideband MIMO radar. Compared with the conventional DAS migration technique, 
modified Kirchhoff migration showed the ability to generate high-resolution images. The 
experimental results exhibited 19% improvement in the z-direction spatial resolution.  
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Fig. 1. Breast and cancer tissue phantom used 

for measurement. 
Fig. 2. Images generated using DAS migration (left) 

and modified Kirchhoff migration (right). 


