
COMPARATIVE ANALYSIS OF CLASSICAL AND NEURAL NETWORK 
METHODS FOR DETECTING ATOMS IN ATOMIC-SCALE IMAGES

Zyryanov K.S., Oreshkin A.I., Chulichkov A.I.

Lomonosov Moscow State University, Physics Faculty, dep. Mathematical Modeling and 
Computer Science, Kolmogorova str., Moscow, 119991, Russia, 1, +7 (996) 334-56-28, 

zyryanov.konstantin.sergeevich@gmail.com

One of the main tasks in the field of atomic scale image processing is  the accurate 
detection  of  atoms  and  determination  of  their  number  [1].  In  this  paper,  a  quantitative 
comparison of two different approaches to atom detection is made: the classical detection 
method based on a combination of Otsu, Hough, morphological alignment algorithms and a 
method based on neural network image processing by YOLO architecture models.

The classical approach is based on the use of the Otsu algorithm, which divides the 
image into sections and calculates the threshold value for each section individually, taking 
into account local pixel intensities. Morphological opening and closing operations allow to 
remove noise in the image and improve the shapes of objects. The Hough algorithm is used to 
detect atoms in the image, false positives of the algorithm are filtered out.

To train the neural network, a specialized dataset consisting of 500 images of atoms was 
created, focused on the detection task. Before the training, data augmentation techniques were 
applied, including Gaussian blur, mirroring, image rotation, cutting out part of the image and 
changing the brightness. Various sizes of a neural network with the YOLO architecture for 
object detection have been investigated [2].

Method
Classical 
algorithm

YOLOn YOLOs YOLOm YOLOl YOLOx

mAP@50, % 43.7 66.9 68.2 67.4 68.4 68.8
Time, с 0.136 0.019 0.031 0.087 0.111 0.157

The performance of the models is estimated using the mAP@50 metric.  The table 
shows the results of validation of various detection methods. The experimental results show 
that the neural network approach solves the problem of detecting atoms with higher accuracy.
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