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ABSTRACT:Process automation using software agents has been attempted to improve work efficiency in various
fields and applications. One of them is an automatic file classification system that automatically organizes many files
generated through computer work. Existing programs performed static clean-up based on the file's metadata. In this
paper, our method classifies the files based on the semantics of file names using natural language processing. File
classification based on semantics yields more natural results than classification based on static metadata of files. Our
program classifies files using SBERT and K-means Clustering. The UI was constructed using PyQt and can operate
regardless of the operating systems.
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I. INTRODUCTION

RPA(Robotic Process Automation) is a software technology that automatically processes regular and repetitive tasks
performed by humans according to a predetermined process. Through software agents that replace human roles, work
productivity is increased and accurate work processing is possible[1]. With the recent increase in non-face-to-face work
due to the 4th industrial revolution and pandemic, the introduction of task automation using RPA is increasing in
various industries[2]. In [3], market research on replacing repetitive tasks with RPA according to the post-COVID-19
situation and introduction of RPA through POC(proof of concept) projects presented cases for improving work
efficiency and studied efficiency measures.

Work automation using software agents has been attempted to improve work efficiency in various fields and
applications. One of them is an automatic file classification system that automatically organizes many files generated
through computer work. [4] dealt with a system that organizes files based on file type, modification date, and number
of accesses. Since [4] classifies files based on clear information that the file itself has, it operates with rules for file
classification. Therefore, mechanical classification of files is possible, but classification based on the semantics of titles
and contents of files is not possible. In fact, it provides a file organization automation system in a file storage
environment such as NAS(Network Attached Storage)[5] or cloud drive[6]. These commercially available automatic
file classification systems also operate based on static metadata of files, so they do not classify files semantically.

In this paper, unlike existing file organization systems, we deal with file organization automation based on file
semantics. In particular, a program that groups unorganized files in a file explorer into folders with similar files based
on the file name will be described. Existing file explorers have only a function to sort files and folders based on name,
date, etc., and no function to group similar files based on their names or contents. Efficient work activities become
possible if files can be automatically grouped and organized for files that are created in large quantities during the work
process. If the function of classifying files based on the semantics of the file is linked with the file explorer, it will be a
useful tool for PC users.

This paper aims to apply an automatic file classification system based on semantics to the problem of file classification
and sorting, one of the chronic problems of personal computer users. To do this, SBERT(Sentence BERT)[7] and the
K-Mean algorithm[8] using the Elbow method are used to determine groups with similar meanings for file names.
SBERT is used to make a file name into a vector, and K-Mean is used to determine a group of similar files. The
operation of the program to be developed is as follows: When a user of a personal computer selects a folder to organize,
sentence embedding and clustering are applied based on the file name under the folder, and similar files are grouped
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into folders and automatically organized. The developed program has a user-friendly screen composition and classifies
files into meaningful groups based on file names.

II. DESIGN OF AN AUTOMATIC FILE CLASSIFICATION SYSTEM

The overall system design is divided into a file classification function based on the file name and a program design
using this function. The file classification function uses natural language processing technology, an Al technique.
The program is developed using the PyQt[9] library so that it can be used in various operating systems.

2.1. System design

The core of ‘An Automatic File Classification System’ is to analyze file names using natural language processing
and to group and organize similar files. The file name can be written in several languages such as Korean and
English. To classify files based on the meaning of the filename, it is necessary to convert the filename into one
language. Also, filenames contain special characters and file extensions that are irrelevant to meaning. In order to
perform natural language processing for file classification, a file name refinement process is required. Therefore,
before the natural language processing of the file name, a pre-processing process of removing meaningless parts
from the file name is performed, and a process of translating the file name into English, which is one language, is
performed.

In order to perform natural language processing with refined file names, word or sentence embedding must be
performed. The embedding operation converts the file name into a computer representation, mapping the name to
the expression vector space. As such an embedding technique, there is mBERT (multilingual BERT), a multilingual
parallel technique[10]. mBERT converges in a similar vector space if the parts of speech are the same even if the
meaning of the words is different. This property is unsuitable for our system, which wants to classify filenames
based on meaning. On the other hand, SBERT has the property of gathering words based on meaning. In our
system, word embedding is performed using SBERT. File name clustering is a step of classifying file names with
word embedding into groups having the same meaning. It is classified using a clustering technique[11]. Clustering
has been widely studied in data mining, and this paper uses the K-means method[8].

Preprocessing Files User
and Translation Interface
Purified
¥ Fi
Folder
Word Management
Embedding
Word
| Vector §rouped File
Clustering Files ,) | _Preview

Figurel. System structure

Figure 1 shows the configuration diagram of the automatic file classification system. The entire program has folder
management capabilities through a user interface. In folder management, when a folder to be classified is
designated, the names of files in the folder are transferred to the file name classification function. In addition, it
receives the classification result of the file name classification function and previews it to the user so that the
classified result can be confirmed. As previously stated, the file name classification function is largely composed
of three parts. These include preprocessing to remove special characters and extensions from file names, translation
functions for language unification, sentence embedding for natural language processing, and grouping of files. The
file classification results are presented and reviewed to the user in the file management function.
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2.2. GUI design

The system is implemented in Python so that it can operate regardless of the operating system. PyQt is used to
implement the graphical user interface. The system can run on Linux, Windows, and MacOS PC environments, and
can run on any system that supports Python and PyQt. Figure 2 shows the flow of the program.
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Figure 2. GUI workflow

The operation of the program is straightforward. Run the program, select the folder containing the files to be
cleaned, and place the files in the list of candidates to be cleaned. When you click the Start Organizing button, files
are organized through data preprocessing and translation, sentence embedding, and clustering steps. When the files
are sorted, the automatically sorted result is shown to the user, and the user can modify the file location. Modifyin g
the location of the files is optional. If you do, the cleanup will proceed again. If you click OK without modifying
the location, the folder cleanup will be completed.

In order to implement the file classification system as a program, the user interface must be created along with the
workflow function. The program allows users to use it conveniently with a simple and intuitive screen composition.
Figure 3(a) and Figure 3(b) are the configuration of the operation screen in the design stage. Figure 3(a) is the
Main Page screen and Figure 3(b) is the Preview Page screen. In Figure 3(a), you can select a folder to organize
with the folder icon placed at the top right, and you can delete the selected folder from the text box with the trash
icon. Click the Start Cleanup button to begin cleaning up files. Figure 3(b) is a preview screen that visually shows
before and after organizing based on file name.
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(a) Main page in design (b) Preview page in design

Figure 3. GUI design of the system
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III. IMPLEMENTATION OF THE SYSTEM

3.1. Implementation of automatic file classification function
File name clusteringconsists of file name preprocessing and translation, sentence embedding, clustering. Figure 4
shows the entire clustering process implemented.

. SBERT
[ 7Ll nlames ] Embedding

Remove extension & Elbow & K-means
special characters Clustering
Translation to 1
English [ K folders ]

Figure 4. File classification process

Firstly, in the data pre-processing and translation steps, characters that become obstacles in determining the similarity
in a later step are removed. The characters include special characters and extension names. After that, it is assumed
that Korean, English, numbers, etc. are mixed in the file names, and all file names are translated into English. We use
the Kakao I Translation API to translate all file names into English[12]. Table 1 is a data storage structure for file
name processing. Data necessary for the clustering process is saved in a csv file.

Table 1. Data structure for clustering process

Field Contents

origin Original file name

no-ext Preprocessed file name

dir File path

trans Translated file name

emb Embedding vector

cluster Clustering result
distance_from_centeroid Data distance from cluster center

The original data of the file name is stored in the ‘origin’ column, the path of the original file is stored in the ‘dir’
column, the preprocessed data is stored in the ‘no-ext’ column, and the translated data is stored in the ‘trans’ column.
The translated filename is used as input to the sentence embedding step. The embedding step was implemented using
the Sentence BERT library[13]. Libraries used are nltk(Natural Language Toolkit) for natural language processing,
spaCy, and data analysis library pandas. In spaCy's function, we use the SBERT model to convert the translated
names into vectors. Embedding vectors are stored in the ‘emb’ column in the csv file.

Finally, in the clustering step, similar sentences are clustered using the K-means library. When using the elbow
function to determine the number of clusters and specifying a minimum of 2 to a maximum of 5 clusters, the K value
with the highest cohesion of data is selected in the K-means model. Clustering is performed using the
KMeansClusterer model using the K value. Clustering data is stored in the ‘cluster’ column, and the distance of data
from the center of gravity of each cluster is stored in the ‘distance_from_centeroid’ column. The files are grouped
according to the original file name stored in the 'origin' column, the path of the 'dir' column, and the results of
clustering of the 'cluster' column, and placed in each of the K new folders.

3.2. Implementation of system GUI

PyQt is a framework that allows you to create GUI programs by linking Python code to Qt layouts. In this paper,
PyQt5 was used. Figure 5 shows the screen when the program starts up and after starting and selecting the folder
containing the files to be cleaned up. Figure 5(a) is the screen shown to the user as a Splash screen during the
preparation time of the model at the start. The loading time takes about 1 to 3 seconds, and the loading progress is
placed at the bottom of the screen using the progress bar. After the program finishes loading, select a folder to
organize, and a screen showing the files in the folder appears. After the files are organized through clustering, the
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system shows a preview view (Figure 5(c)) and finally requests confirmation from the user. After user confirmation,
save the result.
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(a) Starting screen (b)The folder-selected screen (c) The implemented preview screen

Figure 5. Main screens of the system

Figure 6 shows the screen before (a) and after (b) executing the file organization automation program in the file
explorer of the user's PC. With this system, users can easily organize complex files inside folders with just a few
clicks.
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(a) File explorer view of before classification (b) File explorer view of after classification

Figure 6. Classification results of the system

origin no-ext dir trans cluster distance_from_centroid
Text 1.txt Text 1 /Users/nakyung/Library/CloudStorage/OneDrive-7iel/Test Text 1 0 1.6732741656338035
Text 2.txt Text 2 /Users/nakyung/Library/CloudStorage/OneDrive-72l/Test  Text 2 o 1.455129108983634
Text 3.txt Text 3 /Users/nakyung/Library/CloudStorage/OneDrive-72!/Test Text 3 1] 1.3178460535830998
YAE I8 txt YAE 80182 /Users/nakyung/Library/CloudStorage/OneDrive-7i2l/Test Capstone identification 2. 2 0.4074579164950796
YAE HPIR3.ixt YAE goIR3 /Users/nakyung/Library/CloudStorage/OneDrive-7liel/Test Capstone Verification 3 [1] 3.4390191418888496
U2E Sfel81.txt Y2E 8el81 /Users/nakyung/Library/CloudStorage/OneDrive-7i¢l/Test  Capstone identification 1. 2 0.4085772850386253
B0 Hl3.txt B0 M2 /Users/nakyung/Library/CloudStorage/OneDrive-712}/Test folder check 4 2.772257535356947
FFUNLDMEEB.txt HBANLIMFEE  /Users/nakyung/Library/CloudSterage/OneDrive-7i2l/Test  final result report submission 4 2.905172855599654
Y el txt e stell /Users/nakyungy/Library/CloudStorage/OneDrive-7li2l/Test Translation check 1. 1 0.3521927835577672
Clean L.txt Clean 1 /Users/nakyung/Library/CloudStorage/OneDrive-7¢!/Test Clean one. 3 2.21692574822317
Clean 3.txt Clean 3 /Users/nakyung/Library/CloudStorage/OneDrive-7i2l/Test Clean 3. 3 0.9773896545462444
PyQTHIAE. txt PyQTHIAE /Users/nakyung/Library/CloudStorage/OneDrive-7i2l/Test pyqt test 4 2.75712369261202
e 012, txt ey go12 /Users/nakyung/Library/CloudStorage/OneDrive-7i2!/Test Translation check 2. 1 0.3531603565771061
Clean 2.txt Clean 2 /Users/nakyungj/Library/CloudStorage/OneDrive-7i2!/Test Clean 2. 3 0.8497647550107026
Clean 4.txt Clean 4 /Users/nakyung/Library/CloudStorage/OneDrive-7li¢l/Test Clean 4, 3 1.3213872851179849

Figure 7. The result window of saving the data in the data.csv file after completing clustering

Figure 7 is the result window saved in the data.csv file according to the data storage structure defined in Table 1. In
order to cluster file names, data is stored in stages from original data to preprocessing, translation, and clustering
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results. After embedding, check the data in the ‘cluster’ column where the clustering results are stored. Based on the
translated data, it can be seen that similar sentences are clustered. That is, it is clear that similar files are grouped and
organized in the same folder.

IV. CONCLUSION

An automatic file classification system using natural language processing was developed. Existing file organization
systems categorize files based on their static metadata. Because our system categorizes files based on the meaning of
the filenames, more natural classification is possible. It has a simple Ul so that users can use it easily. The program uses
PyQt so that it can operate regardless of the operating system.

Our system improves work efficiency and provides convenience by automating simple and repetitive tasks that require
users to manually check and classify various files. It is a programming that can be used by most companies doing office
work and personal computer users. However, selecting a folder in the program requires user intervention and decision-
making. An RPA system that returns to its initial settings 24 hours a day without user intervention in the RPA system is
called Unattended RPA.As in the case of Unattended RPA in the future, it can be developed to automate file
organization in a fixed process without a separate user command after initially designating the folder to be organized.
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