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Abstract 

In this report, we consider the problem of 
identification of image reuse cases in collections 
of scientific documents by means of an 
automatic image reuse detection system. 
The problem's relevance is due to the presence 
of precedents of reusing images from other 
sources in the field of medicine and biology. 
Thus, in (Bik et al., 2016), it is shown that up to 
4 % of reused images are found in scientific 
articles on biology and medicine. 
In the latest decade, the problem of 
identification of image reuse has already been 
addressed in several works (Srivastava et al., 
2015; Akshay et al., 2019; Meuschke et al., 
2018). The rapid development of deep learning 
methods of image processing made it possible 
to create automatic searching systems of similar 
images in collections (Wang et al., 2014). Those 
systems can be adapted to the problem stated 
in this report. In (Srivastava et al., 2015; Akshay 
et al., 2019), authors apply classical computer 
vision methods to image reuse search. Those 
methods include image hashing algorithms 
(Tang et al., 2012; Yang et al., 2006) and 
keypoint detection by different algorithms 
(Lowe, 2004; Bay et al., 2006). Nevertheless, 
those approaches were tested on collections 
that consist of several thousands of images, 
while a collection retrieved from academic 
works can contain several millions of images. We 
analyzed (Srivastava et al., 2015) and recreated 
the experiment on a extensive data collection. 
This experiment showed low recall of the 
approach. 
We developed a solution aimed to find image 
reuse in collections that contain several millions 

of images. It includes both classical computer 
vision algorithms and deep learning methods of 
image processing. 
The technology of image reuse detection 
developed by us consists of four stages. We 
consider one of the images in the collection as 
the source of reuse. Different types of 
transformations could possibly be applied to the 
source (scaling, compression, rotation, 
reflection, greyscaling, channel selection, etc.)   
The first step is to extract all the images from the 
document. Each page of the document is a 
separate image in high resolution. To get all the 
images from each page, we process every page 
of the document using the methods of classical 
computer vision, which highlight the images on 
the page. We do not use image extraction 
algorithms and libraries straightforward in order 
to avoid any influence of the way the document 
was generated.  
At the second stage, charts, diagrams, 
schematics are excluded from images of the 
document. We do this to avoid a large number 
of false positives since diagrams will be easily 
recognized as similar to any incoming charts 
because the structure of images of this type are 
often very similar. Images that remain after the 
second stage are considered suitable for 
searching. In future work we plan to develop an 
independent solution for processing schematics 
and charts. 
The third step is to search for candidates in the 
index of scientific documents. At this stage we 
form a fixed set of candidates from the 
collection for every suitable image. The special 
feature of this stage is the necessity to search in 
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the index. It is obvious that we can not compare 
incoming image with each object from the 
collection and perform the search for a 
reasonable time. 
The fourth step is to match candidates with the 
right image accurately. To perform this stage, 
we use a Siamese neural network (Melekhov et 
al., 2016). We calculate similarity function 
between the matching image and each 
candidate to compare the candidates. Based on 
the values of the similarity function, it is 
determined both whether a given matching 
image is reused or not and the original source of 
the image. 
We held an experiment in order to find cases of 
image reuse in articles from the list of open 
access journals DOAJ (DOAJ, 2022) using our 
solution. Our aim was to verify a hypothesis 
about the presence of multiple cases of image 

reuse. We also analyzed detected cases of image 
reuse and specified the nature of those cases. 
We indexed 1,970,703 DOAJ articles and formed 
a collection of 6,081,847 images. Then we 
submitted each image as a request and checked 
throughout the collection. As a result, we found 
cases of reuse. All the results were analyzed by 
assessors and divided into three groups: 
supposedly incorrect reuse, correct reuse, reuse 
of images, published by the same author in 
another source. The results of the analysis are 
represented in the report. 
This work was supported by FASIE (FASIE, 2022) 
project 63449. 
Preliminary materials for this paper were 
published in the proceedings of the 20th 
Conference Mathematical Methods of Pattern 
Recognition (Bakhteev et al., 2021). 
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