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Abstract: Magnetic particle imaging (MPI) is an imaging technique that utilizes the nonlinear magnetization re-
sponse of magnetic nanoparticles to achieve high spatiotemporal resolution. The MPI image reconstruction method can con-
vert the measured voltage distribution into the magnetic particles concentration distribution with visible image. The existing
system matrix method can reliably reconstruct images for single concentration magnetic particles in the imaging field of
view, while two-step regularization algorithm can be used for the image reconstruction under different concentration condi-
tions. However, traditional two-step regularization algorithm increased the reconstruction time due to the two-step recon-
struction process. Furthermore, it usually only considered the signal-to-noise ratio calculated by the system matrix during se-
lecting frequency components but not fully considered the noise factor of the measured voltage signal. To address these is-
sues, this paper proposes an improved two-step regularization algorithm based on the ESD (Energy Spectral Density) char-
acteristics and L-curve optimization. This method can sort in descending order for frequency components by the ESD char-

acteristics of measured voltage signal, and reduces the noise by selecting the frequency components with low noise levels af-
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ter screening frequency components based on compression ratio. Meanwhile, the reduction of frequency components can al-

so effectively reduce the reconstruction time for MPI image. In addition, the regularization process selects the optimal regu-

larization parameters by using the L-curve method, and can also reduce the noise generated during the reconstruction pro-

cess to a certain extent. The experimental results show that the proposed method by this study can improve the reconstructed
image quality by 56.4% in SSIM (Structure Similarity Index Measure) and by 22.3% in NRMSE (Normalized Root Mean
Square Error) under a compression rate of 0.6 with respect to traditional two-step regularization algorithms. In addition, the

reconstruction time can be shortened by 39.8% compare to the traditional case. Meanwhile, the measured results also show

that the proposed algorithm can help to improve the quality of reconstruction, and can also significantly shorten the recon-

struction time with the similar quality when the compression ratio decreases from 1 to 0.1.
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