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SEMANTIC SEGMENTATION OF FETAL BRAIN ULTRASOUND IMAGES
BASED ON DEFORMABLE ATTENTION U -NET NETWORK
Yulong Li, Dmytrd\ikolaienko

Introduction In recent years, deep learning (DL), particularly convolutional neural
networks (CNNSs), has rapidly become a research hotspot in medical image analysis. In 2015,
Long et al. [1] introduced the Fully Convolutional Network (FCN) at CVPR 2015, achieving a
major breakthrough in image semantic segmentation througtoegrttl learning. This has led
to increased research and improvements in the field. Due to the high performance of CNNs in
various image processing tasks, there has been a growing body of resehesdhievements
in fetal ultrasound image processing within the deep learning domain. Yu Z et al. [3] proposed
a deep learningased method for recognizing standard fetal ultrasound planes. Currently,
utilizing deep learning methods for fetal diseas@mitsis will become the next research focus
and challenge. YE Hai et al. [5] proposed a fetal brain ultrasound image segmentation algorithm
based on a fully convolutional network. However, the aforementioned methods are inadequate
in leveraging boundary infmation of fetal brain images, and the segmentation accuracy needs
further improvement. To address these issues, this study proposed a semantic segmentation
method for fetal brain ultrasound images based on a deformable Attertienrigtwork. The
netwok is based on Attention det [8], uses deformable convolution with a 3x3 kernel to
better learn features, and uses a gated unit to replace MaxPooling to select useful feature maps
while suppressing less useful feature maps. These methods effectivelyheojw®blem of
limited medical image datasets.

Method. The improved deformable attentiom&t model in this experiment adds a 3x3
deformable convolution with a kernel size based on the attentiwet bhodel, in order to allow
the network to learn features better. At the same time, the gated unedsinstead of
MaxPooling to filter the feature map after convolution, retaining the good ones and suppressing
the bad ones.

Following the general criteria in field of deep learning, we adopted the accuracy,
Intersection over Union (IOU), and Dice as evaluation metrics, with below definitions.

Accurac TP+ TN
Y TP+ FP+TN+FN (1)
ou=—_ 1P (2)
TP+FN+FP
Dice= 2TP ( 3 )

(TP+FN)+(TP+FP)

Where, TP (True Positives): predicted as positive class;@nelctly predicted; TN (True
Negatives): predicted as negative class, and correctly predicted; FP (False Positives): predicted
as positive class, but incorrectly predicted; FN (False Negatives): predicted as negative class,
but incorrectly predicted.

The experiment used the-hét network; the Attention ddet network; the improved
(Deformable Convolution Network, GeM pooling) Attentiornet network (i.e., Deformable
Attention U-net). Figure 1 shows the experimental results of each layer of the exp@time
network on the fetal head circumference dataset.

As shown in Table 1, the deformable Attentiomél network that replaces MaxPooling
with 3x3 deformable convolution and gate units has an IOU improvement of 2.9%, a DICE
improvement of 1.8%, and an accuracy improvement of 0.9% compared to the Attenton U
As can be seen from Figure 2 and Table 1, adding deformable convolution and gate units to the
Attention U-net can effectively improve the segmentation results of fetal ultrasound images.



When these two improvements are combined, the segmentation accuracy of the network is
particularly improved.

Deformable
Attention U-net

images annotation U-net Attention U-net

Fig. 2. Experimental results of this experimental network
Table 1 Comparison of experimental results of each layer of this experimental network

Network Structure [0]V] Dice Accura
(%) (%) cy (%)

U-net 79.2 87.0 93.2

Attention U-net 89.2 94.0 96.4

Deformable Attention U 92.1 95.8 97.3

net

Conclusions This experiment proposes a semantic segmentation method based on a
deformable Attention thet network for fetal brain ultrasound images. Based on the Attention
U-net, this network introduces a deformable convolution with a kernel size of 3x3 to better
learnfeatures; a gated unit is used instead of MaxPooling to filter the convolution feature map,
retain good features, and suppress poor features, effectively solving the problem of limited
medical image datasets. A large number of experiments on the fedalir@anference dataset
have demonstrated the effectiveness of the algorithm, proving that the deformable Attention U
net network is highly suitable for fetal ultrasound images, and further optimizes the edge
segmentation performance of fetal ultrasoundges.
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engine?. lbm. URL:

https://Https://www.ibm.com/think/topics/recommendateEmine

https://utsavdesai26.medium.com/recommendaimiemsexplained

2. Recommendation Systems Explained: Understanding the Basic to Adweetiam
URL:
understandinghe-basicto-advancet3a5fce77c4.7

3.

Medium URL:

Recommender Systemd@ A Complete Guide to Machine Learning Models.
https://medium.com/datscience/recommendsystemsa-

completequideto-machinelearningmodels96d3f94ea748
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K-means Clustering: tree_count vs bush_count
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THEORETICAL ASPECTS OF DEVELOPING A UNIFIED PLATFORM FOR
STORING AND DISPLAYING MATERIAL CULTURAL HERITAGE IN 3D
M. M. Retamoso, D. V. Nikolaenko

Material cultural heritage is an invaluable asset of humangfjecting the history,
traditions, and achievements of various epochs and civilizations. Its preservation, research, and
popularization are pressing tasks, in addressing which modern information technologies,
particularly 3D scanning and modeling methoplsy a significant role. However, to date,
efforts in the digital representation of cultural objects are often fragmented, hindering data
exchange and limiting access to digital collections.

This paper examines the theoretical aspectiewéloping a unified platform for storing
and displaying material cultural heritage in 3D. The aim of the study is to define the key
theoretical principles for constructing such a system, which will provide a centralized
repository, standardized catalogjreffective research tools, and broad opportunities for the
virtual presentation of cultural values.

An analysis of existing approaches to storing and displaying 3D models of cultural
heritage was conducted, including digital archives of museums (e.g., [1]), commercial
platforms for 3D content (e.g., [2]), and research initiatives. The analysis revealaolsence
of a comprehensive platform that would combine centralized storage, flexible research tools,
and a focus on the specific needs of the cultural heritage domain.

To conceptualize the future platform, a Business Model Canvas was developed (see Fig.
1).

https://next.canvanizer.com/canvas/rcAHtptIDwaYb

Key Partners + Key Activities Value Propositions * Customer Relationships “ Customer Segments

Key Activities Value Propositions
Platform development and Centralized repas 3D
igitizati ging of t 2

motion of the platform 2

Key Resources + Channels '+

hives

archi
3D scanners and other digitization equipment

Cost Structure

Cost Structure
Pl:

Fig. 1. Business Model Canvas of the platform for storing and displaying 3D materials of
cultural heritage.

The developed business model defines key customer segments (scientists, museums,
visitors), value propositions (centralized storage, analysis tools), distribution channels, and
revenue streams.

Based on the analysis of user needs and existing approaches, a number of key functional
requirements for the platform were identified, presented in the form of user stories (see Table
1).



Table 1. Examples of User Story

Cataloging ang 3D Visualization Analytical Tools
Metadata

As a scientist a museunvisitor a researcher

| want to be able to add detaile to be able to interactivell to have tools fol
metadata to 3D modelqd view 3D models in a we|l measuring an(

browser comparing 3D
models

So that | can easily find an¢l can get a complet | can conduci
analyze the necessa understanding of th( scientific research
objects exhibits

User stories provide a useentered approach to requirements elicitation, ensuring that
the developed platform directly addresses the needs and goals of its intended users. By framing
requirements in terms of user roles, actions, and motivations, usees sfacilitate
communication between developers and stakeholders, leading to a more intuitive and effective
system. The user stories defined in Table 1 served as a foundation for the development of
detailed use cases, which further specify the interactietween users and the platform.

To detail user interaction with the system, use cases were developed. One of the key
business processes is the "3D Model Upload and Cataloging" process, the model of which in
BPMN notation is shown in Figure 2.

s I
Iritiator | (Mode! Uplaad |—8 Select 30 Maded Fike Brecru meragari

Fig. 2. Business process model '3D Model Upload and Cataloging' (fragment).

The developed concept of a unified platform has significant potential to improve the
processes of preserving, researching, and popularizing material cultural heritage by centralizing
data, providing specialized tools, and expanding access opportunities.
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SOFTWARE FOR THE DATA ANALYSIS SYSTEM OF SCIENTIFIC
ARTICLE AUTHORS
M.M. Retamoso

In modern science, there is a significant increase in the volume of publications, which
complicates their effective analysis. Traditional methods of information processing, such as
manual review and systematization, are becoming less effective when warkin¢arge
datasets. Existing analysis systems often have limitations, including insufficient adaptability to
the specifics of scientific data and the complexity of integration with various sources of
information. The purpose of this work is to develogtware for the comprehensive
systematization and analysis of scientific articles. This system should provide the identification
of connections between authors and publications, the evaluation of the scientific impact of
individual studies, and the classdiion of articles by topic.

To achieve these goals, a miéivel system architecture was developed (see Fig. 1),
which includes a client device, an application server, a database server, and external data
sources. The key element of the system is a relational database desigrigcidot storage
and retrieval of information about scientific publications, authors, and keywords. To enable
multidimensional data analysis, OLAP technologies [1] are used in the system.

Client Device (PC/Laptop)

Web Browser

(HTTP/HTTPS) Requests and Responses

Application Server

Data Analysis

Module Web Application

| - t
(JDBG/ODBC/NoSQL) Storage / Retrieval (REST/SOAPIFTP) Data Retrieval / Update

Database Server External Data Source

Main Database Scientific Articles / Author
(SQL/MNosQaL) Data

(Fig. 1 System Topology)

The software development was carried out using the following tools and technologies:

1 MS SQL Management Studio: for database management and administration.

1 SSAS (SQL Server Analysis Services) [2]: for creating OLAP cubes (an example
of a cube in Fig. 2) that allow aggregating and analyzing data across different
dimensions.

1 SSRS (SQL Server Reporting Services) [3]: for developing interactive reports that
visualize analysis results.

1 Data Flow: for creating data flows that automate the processes of extraction,
transformation, and loading of data (ETL).
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(Fig. 2 Created OLAP Cube)

The results of the development include:

1 A mechanism for extracting, processing, and transmitting data, including OLAP

cubes and automated data flows.

1 Areporting system that provides visualization of analysis results.

1 A set of key performance indicators that allow evaluating the productivity of

authors, the citation rate of articles, and the dynamics of research areas.

The developed system is an effective tool for analyzing scientific articles. It provides the
ability to identify key trends in scientific research, evaluate the productivity of authors, and
analyze the popularity of various scientific areas. Further director the development of the
system may include expanding the functionality for automatic classification of articles using
machine learning methods, as well as integration with other scientometric databases.
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RASTER IMAGE FILE FORMATS FEATURES AND PERFORMANCE
ANALYSIS SOFTWARE
Yurchenko I.S., academic supervisor Borodkin H.O.

In the digital era, raster images are essential for communication and art, spanning web,
social media, photography, medical imaging and more. A wide array of formats exists (e.g.,
JPEG, PNG, GIF, TIFF, WebP), developed wdifferent goals and employing distinct
compression techniques. These differences cause significant variations in file size, visual
quality, supported features, and computational requirements. Howevarsersdand creators
often lack clear information teelect the format most appropriate for their needs. The continued
use of older formats like JPEG and PNG, despite the efficiency advantages of newer codecs
like AVIF and JpegXL, indicates a lack of practical understanding and accessible tools,
hindering tleir adoption. Suboptimal format choices can lead to unnecessarily large files,
slower loading times, wasted storage, or compromised visual fidelity. Therefore, a systematic
analysis of modern formats and the development of tools for informed degisking are
highly relevant.

The goal of the researchs to conduct a comprehensive comparative analysis of the
features, underlying compression technologies, and performance characteristics (compression
efficiency, visual quality, encoding/decoding speed) of prominent raster image file formats, and
to concetualize a software tool that enables users to perform practical comparisons and select
optimal formats based on defined criteria.

The object of researchare the properties, capabilities, and performance -wéde
inherent in various raster image file formats, including both traditional (JPEG, PNG, GIF) and
modern (WebP, AVIF, JpegXL) standards.

The subject of researchare methods and metrics for evaluating image file formats,
encompassing analysis of compression algorithms, comparison of feature support, and
assessment of performance based on file size, objective quality metrics (e.g., SSIM, PSNR),
and computational &. The conceptual framework for a software application designed to
automate and visualize these comparisons.

Background and Overview Raster image formats have evolved significantly, from early
formats like BMP that stored uncompressed pixel data, to compressed ones like GIF that
utilized lossless compression (LZW), JPEG, which revolutionized photographic image storage
by using lossy crete Cosine Transform (DCT) based compression, and PNG, which emerged
as a lossless alternative, particularly strong for graphics with transparency, using DEFLATE
compression (LZ77 + Huffman coding).

Modern formats like WebP, AVIF, and JpegXL build on this, offering improved
compression and features using advanced techniques. AVIF, based on AV1, excels at lower
bitrates and supports HDR, while JpegXL is a versatile format aiming to supersede older ones
with excellent compression and features like progressive decoding.

Despite the technical advantages adoption of formats like AVIF and JpegXL is slow due
to familiarity, browser/software support, and inertia favoring the-estblished JPEG and
PNG formats. Furthermore, objective comparison is challenging as "qualityfgsediffer
across formats. Effective comparison requires targeting either a specific perceptual quality level
(e.g., SSIM) or a specific file size budget, and then evaluating the resulting size or quality,
respectively.

Currently, there is a lack of accessible, ts@ndly tools that perform such nuanced,
multi-format comparisons directly. Users often rely on incomplete or misleading advice,
outdated guidelines, or simple trahderror, which may not yield optimal nélés. This
research aims to address this gap by first performing a structured theoretical and empirical
analysis of the formats and then conceptualizing a software tool based on these findings.



Proposed Software ConceptTo bridge the gap between theoretical format knowledge
and practical application, this project includes the conceptualization of a desktop software
application. The primary purpose of this tool is to serve as an analytical instrument, allowing
users to rake datadriven decisions about image format selection. The core workflow involves
the user loading a source image, selecting a set of target formats for comparison (e.g., JPEG,
PNG, WebP, AVIF, JpegXL), and choosing a comparisodenPotential modes include:

1 Target Visual Quality: The user specifies a desired quality level, and the tool finds the

smallest file size for each format achieving that quality.

1 Target File Size: The user specifies a maximum file size, and the tool finds the best

achievable quality for each format within that constraint.

1 Fixed Encoder Settings: The user provides specific settings (such as quality, effort),

allowing direct comparison of format behavior under fixed parameters.

1 Lossless Comparison: Based on resulting file sizes, compares formats capable of

lossless compression when complete preservation of source data is crucial.

The software would perform the necessary encoding operations using underlying codec
libraries, measure key metrics (file size, calculated SSIM/PSNR, encoding time), and present
the results in a clear, comparative table alongside visual previews (origireticoded, side
by-side comparisons). This allows users to objectively assess theoffadend select the
format that best balances quality, file size, and features for their specific image and use case,
ultimately aiding in optimizing storage, reducifmndwidth usage, and improving user
experience.

Tweak parameters
to approach target

Target quality

r N

Encode the image No

Calculate
metrics for
comparison

Target size 1 with set parameters

User loads the for each format ‘
source image \ y, Chosen metric
Lossl meets target?
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i
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results
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operation mode

- N\
Encode the image
Fixed settings p{ with fixed encoder
settings

\ "y

View format
A - Show a comprehensive
'l features & limitations table

reference
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Fig. 1. Conceptual workflow of the proposed image format analysis software
Conclusion Understanding the nuancegaster image file formats is crucial for efficient
digital media handling. This research provides a necessary comparative analysis of modern
formats, evaluating their technological underpinnings and performance characteristics. The
conceptualized softwateol offers a practical application of this research, empowering users
with the ability to make informed, optimized choices regarding image format selection,

contributing to better resource management and enhanced digital experiences.
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