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Image thresholding is one of the simplest but still effective image segmentation methods [1] that can 
find applications in many areas, especially in microscopy. Most microscopy images are grey scale 
images, from which thresholding produces binary images so that additional information such as phase 
volume, number of particles amongst others can be calculated. While there are several commercial 
software and freeware available for image segmentation, auto-thresholding and auto-analysis is 
preferred due to the advantages of faster throughput of analysis and consistency. This is especially 
useful in manufacturing environments where higher numbers of images are generated. 
 
While there are several auto-thresholding methods that are currently available, namely, histogram shape-
based method [2], clustering-based method [3], entropy-based method [4], and local method [5], the 
work discussed utilizes a combination of un-supervised and supervised machine learning method to 
auto-threshold SEM images of chemical-mechanical-planarization (CMP) silica slurry particles on a 
substrate.  The method works by calculating the area fraction of slurry particles from the SEM images 
generated. This measured parameter is then used as a baseline to evaluate the effectiveness of the post-
CMP solutions in removing residue slurry particles. Figure 1 shows the auto-thresholding results using 
K-means clustering algorithm [6].  Herein, two clusters are selected: one corresponding to the slurry 
particles and the other corresponding to the background of the SEM images. Figures 1(a) and 1(b), 
indicate the effectiveness of the algorithm for SEM images with particle area fraction larger than 0.1%. 
However, in figures 1(c) and 1(d), the approach does not seem to work well due to the smaller area 
fractions < 0.1%, figure 1(e) and 1(f). Similar problems occur with some other auto-thresholding method 
as well. 
 
To circumvent the challenges encountered, a novel approach is proposed which uniquely combines the 
un-supervised and supervised learning method. Since the un-supervised K-means clustering algorithm 
works well with particles area fraction > 0.1%, these images along with the K-means clustering 
thresholding results can be used as training data for supervised learning algorithms and the trained 
model can be applied to auto-threshold images with much less slurry particles. This method is 
implemented in Python with Sklearn [6] and Skimage [7] libraries. The results are shown in Figure 2. 
Figure 2(a) shows good linear relationship between area fractions measured from manual and automatic 
thresholding. Figure 2(b) and 2(c) are example original and segmented binary images with particle area 
fraction < 0.1% using this method. This method can be applied in atomic force microscopy (AFM) 
images as well where the surface particles need to be subtracted from images for surface roughness 
calculations and the results will be discussed as well.  
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Figure 1. (a) Plot of manual and automatic measured area fraction of slurry particles on the substrate 
surface, noticing big measurement error occurring at area fraction < 0.1%; (b) Plot of manual and 
automatic measured area fraction of slurry particles on the substrate surface for area fraction > 0.1%; (c) 
and (d) are example original images and segmented binary images with area fraction > 0.1%; (e) and (f) 
are example original images and segmented binary images with area fraction < 0.1%. 
 

 
Figure 2. (a) Plot of manual and automatic measured area fraction of slurry particles on the substrate 
surface using linear and supporting vector regression method; (b) and (c) are example original images 
and segmented binary images with area fraction < 0.1%.  
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