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Research on high-resolution sparse imaging algorithms for near-field

millimeter-wave radar

Xu Leijun Wang Haoyu Bai Xue Chen Jianfeng

(School of Electrical and Information Engineering, Jiangsu University,Zhenjiang 212013, China)

Abstract: High-resolution imaging with near-field millimeter-wave radar typically relies on extensive data acquisition.
Existing time-domain and frequency-domain imaging algorithms process signals under the condition of satisfying the
Nyquist sampling rate, which imposes significant burdens on data collection and hardware costs. This paper proposes a
millimeter-wave radar sparse imaging algorithm based on compressive sensing theory, leveraging the sparsity of the
measured target echo signals to effectively reduce data requirements. The algorithm constructs a sparse model based on
the sparsity exhibited by undersampled data in the wavenumber domain, and optimizes it to reconstruct the signal. A
matched filtering algorithm is applied in the azimuth direction to achieve two-dimensional imaging of the target.
Experimental results demonstrate that under conditions of data undersampling, the proposed algorithm can achieve
high-resolution imaging of the target, significantly reducing data requirements. Moreover, the image quality
outperforms other compressed sensing optimization algorithms in all metrics. Even under conditions where the target
object is partially occluded, the algorithm can effectively restore the occluded portions of the image, demonstrating
strong interference resistance and robustness.

Keywords: millimeter-wave;synthetic aperture radar;compressive sensing;sparse recovery
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Fig. 1 Schematic of the near-field scanning structure of

2D millimeter-wave radar
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Fig. 2 Algorithm flowchart
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Fig. 3 Structural framework of the imaging system
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Fig. 4 Physical diagram of the near-field millimeter-wave

radar imaging system
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Fig.5 Imaging of fully sampled data
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sampling conditions
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Table 1 NMSE, SSIM, and PSNR of reconstructed images

under different conditions

Bk REER 80% 60% 40% 20%

NMSE 0.48% 1.42% 3.87% 10.10%
IEAHAMEZE YL SSIM 93.07% 76.51% 57.99% 42.63%
PSNR 32.41 29.36 25.73  21.38

NMSE 0.17% 0.59% 1.09% 3.61%

SLO SSIM  96.91% 90.21% 83.57% 70.23%
PSNR 38.13 33.92 28.82  22.25
NMSE 0.52% 1.41% 3.65% 8.61%
SSIM  94.84% 85.49% 72.17% 57.31%
PSNR 32.68 28.37 25.26  20.03
NMSE 0.19% 0.65% 0.97% 3.72%
SSIM  97.77% 91.06% 85.62% 76.51%
PSNR 37.98 34.21 29.42  22.99

OMP

R

K2 FEARBEZXEMEGRHMGITRE

Table 2 Estimation error of reconstructed images

under different sampling rates %
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