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Abstract 

Scanning Electron Microscope (SEM) is an indispensable research facility in nano-material characterization 

and nano-manipulation, suffering from heavy noise inherently caused by the electron beam imaging principle. 

Researchers have been putting extensive efforts on SEM image denoising from the deep learning technique, 

facing the obstacles of limited training dataset and generality to materials and imaging conditions [1]. This 

paper proposes a novel, easy-to-implement, model-free, and versatile SEM image denoising method working 

directly over the SEM image flow in real-time, which is particularly friendly for scholars from material field 

without computer science background. In specific, the method follows the Kalman filtering framework, where 

a prediction image is always generated to trade off the noise from the instantaneously observed image by the 

observation uncertainty. The uncertainty of the noisy level of the observed image arising from the imaging 

process is statistically characterized by looking back to historic observations pixel-by-pixel regardless the SEM 

imaging parameters [2]. We systematically evaluated the method by both simulation and real SEM images 

(captured by JEOL JSM-IT500 over silicon nanowire specimen at 150 ms scanning period with 640×480 

resolution) regarding the denoising and real-time performance. Experimental results well demonstrate that the 

proposed denoising method converges stably and rapidly to the best performance. By looking back to historic 

data within merely 1200 ms, a signal-to-noise ratio (SNR) of 20 dB can be achieved with execution time of 

about 20 ms on Intel i7 CPU at 2.5 GHz. Taking the SEM scanning time as the limit for algorithm execution, 

the SNR can reach as high as 30 dB, where the noise is substantially removed. In conclusion, we developed a 

Kalman filtering based SEM image denoising framework, which supports almost noise-free SEM imaging in 

real-time. The method is designed to be adaptive to all types SEM and materials, and is particularly supposed 

to benefit material-related research with SEM, like material screening. Nano-manipulation research like nano-

wire mechanical characterization by nano-robot within SEM will also benefit from this technique. 
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