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Abstract  Scanning electron microscopy (SEM) imaging can visually reveal the microscopic world. In SEM
imaging, the device parameters must be repeatedly adjusted to ensure the optimum image contrast. This process is
often time-consuming and labor-intensive. We propose a novel no-reference quality assessment method for evaluating
the SEM image contrast distortion based on multi-scale characteristics, which can be used as a guide to select
imaging parameters. Firstly, a SEM image database is established, and the corresponding subjective mean opinion
score (MOS) is obtained via subjective experiments. According to the multi-scale characteristics of the human visual
system, 10 features are extracted, including singular value decomposition similarity with different scales, frequency
domain features, and entropy. The MOS values and 10 features are then used to train a regression model via support
vector regression. Finally, this model is used to predict the image quality score. The experimental results reveal
that the proposed method can maintain a high level of consistency with subjective evaluation results, and its
performance is superior to the mainstream full-reference and no-reference quality assessment methods.
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Fig. 1 Tllustration of interactive system used in

subjective viewing experiments
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Fig. 2 (a) Clear SEM images and

(b)(c) corresponding contrast distortion images
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Table 1 Results of mainstream quality assessment methods and proposed method tested in the SEM database

Algorithm PLCC SRCC RMSE
MS-SSIM 0.6116 0.6017 0.6846
PSNR 0.5914 0.5587 0.5839
GMSD 0.5877 0.5561 0.5859
R SSIM 0.5618 0.5409 0.5222
FSIM 0.4793 0.4532 0.6355
PCQI 0.4721 0.4462 0.6792
CORNIA 0.8199 0.7933 0.3996
DESIQUE 0.7621 0.7309 0.4510
BRISQUE 0.7299 0.7038 0.4761
Bliinds2 0.7216 0.6965 0.4786
NR BIQI 0.6462 0.6301 0.5356
DIIVINE 0.5854 0.5608 0.5611
SSEQ 0.5789 0.5464 0.5672
NSS 0.4864 0.4772 0.6170
QAC 0.4251 0.4300 0.6554
NIQE 0.3518 0.4234 0.6782
FOR CD NR-CDIQA 0.4864 0.4772 0.6170
Proposed 0.8504 0.8211 0.3733
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Fig. 4 F statistics of the other metrics against the proposed method
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Table 2 Statistical performance results of compared metrics against the proposed method
Metric MS-SSIM PSNR GMSD SSIM FSIM PCQI NR-CDIQA  CORNIA
1 1 1 1 1 1 1 0
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