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Anahtar kelimeler: Deadstock, e-ticaret, talep tahmini , stok optimizasyonu , markdown optimizasyonu
risk skoru, agentic sistemler.

Preventing Deadstock in E -Commerce Before It Happens:
Proactive Inventory Management Using Demand Forecasting,

Risk Scoring, and an Agentic Action Engine

Abstract

Deadstock| unsellable oridle inventory | poses a significant cost burden for ecommerce businesses by
tying up capital and reducing margins. Inaccurate demand forecasting, limited modeling of promotion
effects, and insufficient consideration of supply lead t imes are among the main drivers of deadstock
formation. Most existing approaches remain reactive, focusing on liquidation after excess inventory has
already accumulated.
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This paper proposes a proactive inventory management system that aims to prevent deadstock before
it occurs. The system combines historical sales data, inventory movements, pricing and promotion

information, and return rates to generate SKU-level demand forecasts and a normalized deadstock risk
score between 0 and 1. An agentic decision layer translates the risk score into preventive operational
actions such as adjusting replenishment, applying controlled markdowns, or executing stock transfers.

The study presents a prototype architecture and an evaluation plan, offering a practical roadmap for

proactive deadstock prevention in e -commerce operations.

Key words: Deadstock; ecommerce; demand forecasting; inventory optimization; markdown
optimization; risk scoring; agentic systems
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Investigation of Embankment Dam Breaching Processes

Using Empirical Methods and Numerical Modeling

Abstract

Breaching of embankment dams is a critical failure process in which rapid erosion of the dam body may
release a large reservoir volume toward downstream areas and generate severe flood hazards. This
study evaluates the failure mechanisms observed in embankment and landslide dams by considering
empirical prediction approaches and numerical modeling practices. The analysis focuses on the datasets
and model assumptions proposed by Froehlich (2008), Peng and Zhang (2012), and Zhong et al. (2021),
with particula r attention to breach depth, average breach width, side-slope ratio, and breach formation
time. Historical dam -failure records indicate that overtopping and piping/seepage are the dominant
failure mechanisms for embankment dams. The results show that single deterministic values obtained
from empirical equations may lead to considerable uncertainty in flood -hydrograph estimation.
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Therefore, numerical models such as HEGRAS should be implemented with multiple breach scenarios
rather than a single representative case. The comparison of fast and slow breackHormation conditions
demonstrates that small variations in breach formation ti me can substantially change the peak discharge
and the timing of the flood wave. The study emphasizes that sensitivity analyses, including
conservative worst-case scenarios, should be treated as an essential component of dathreak modeling,
flood -risk management, and emergency action planning.

Keywords: embankment dams, dam breach, breaching parameters, HEGRAS
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2.2. Ampirik Breaching Modelleri
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Abstract

Due to their high load -bearing capacity, rigid structure, and millimetric positioning capabilities,
Stewart Platforms hold significant importance in numerous critical fields, ranging from aviation
simulators and surgical robots to precision targeting systems in the defense industry and industrial
manufacturing. This study aims to autonomously and precisely control the position of a ball on a ball -
and-plate system integrated into a six-degree-of-freedom (6-DOF) Stewart Platform. During the project,
the complex kinematic and dynamic structure of the six -axis system was first analyzed; then, the
mathematical models and state-space equations describing the nonlinear motion dynamics of the ball
were derived in detail. As the position -sensing feedback mechanism,a resistive touch screen was
utilized instead of traditional camera -based systems. Through this innovative approach, fundamental
issues commonly encountered in image processing algorithms, such as high processor load, latency,
and sensitivity to ambient li ght, were overcome, providing a much faster and more efficient analog data
flow to the controller. To establish the dynamic stability of the system and optimize trajectory tracking,
classical PID, statespacebased LQR, and integral-action LQI control strategies were individually
modeled and comparatively tested in the MATLAB/Simulink environment. As a result of the dynamic
simulation studies, it was observed that the LQI control algorithm successfully balanced the ball on
targeted reference trajectories with near-zero error by eliminating steady -state error, despite external
disturbances and system inertia. The obtained results clearly indicate that the designed closedloop
robust control architecture can be safely utilized in high -precision stabilization p rojects.

Keywords: Stewart Platform, Ball-and-Plate System Robust Control, LQI Algorithm , Resistive Touch
Panel
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Abstract

In this study, the enterprise access control problem is remodeled using the Constraint Satisfaction
Problem (CSP) framework, and a system that automatically generates authorization, suitable for a Zero
Trust architecture, is developed. In traditional RBAC approaches, managing policy conflicts and
overauthorization risks becomes increasingly complex as the scale grows. This situation particularly
increases the risks of internal threats and unauthorized access in largescale enterprise structures. In the
prop osed model, each pair (department, server) is defined as a CSP variable; business requirements are
coded as lower bounds, and security policies as upper bounds. Constraints are modeled in three layers:
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role-based access ceilings, Separation of Duties (SoD) rules, and Zero Trust resource isolation
requirements. In a 56-variable enterprise network scenario consisting of 7 departments and 8 servers, a
Backtracking algorithm enhanced with the MRV (Minimum Re maining Values) heuristic method was
applied. The system reached a valid access matrix that simultaneously satisfies 21 business
requirements and 13 security constraints in only 91 attempts. Although the theoretical search space is
K3 & wawk & tuN uitiksp tconsEathiprofagatidh Bignificantly narrowed this space. Reaching a
solution with far fewer search steps compared to the straightforward backtracking algorithm concretely
demonstrates the practical effectiveness of the MRV heuristic method. The generated access matrix
produces solutions compliant with the Least Privilege principle; it automatically applies critical
resource isolation and access ceilings. In simulated misassignment scenarios, the system detected and
rejected policy violations in real time. The results show that the CSRbased approach offers a
controllable, scalable, and consistent alternative to manual RBAC management.
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al O4awoObPbUl UEULULOETl whPhabPwEDPODPOI OWEPUWEUUUOEUUWEZhug 8 w! U
EgOLOLOEI wEaUcOUE O0¢c wOOEUEOwWI Ol wEO: OOEOUEECUS

Departman Y

Sunucu : 8

Degisken (|X]): 56 (7 x 8)

Kaba kuvvet : 4756 = 5,192,296,858,534,827,628,530,496,329,220,096 olasilik

Kisit kurali : 13 (K1-K13)
Is gereksinimi: 21
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BACKTRACKING-CSP(atama, degiskenler, deger_sirasi):
EGER |atama| == |degiskenler| ISE
DONDUR atama // C6z0m tamamlandi

degisken ¢ SEC(atanmamis, kullan_mrv)

HER izin ICIN deger_sirasi: // LP: No-Access>Read>Write>Execute
atama[degisken] ¢ izin

EGER kisitlar_gecerliyse(atama) ISE
sonug ¢ BACKTRACKING-CSP(atama, degiskenler, deger_sirasi)
EGER sonugc # BASARISIZ ISE
DONDUR sonug

atama[degisken] € SIL // Geri al (backtrack)

DONDUR BASARISIZ

#1 Al Uw UCUEOEOQEUc W POPw EOT OUPUOEEEW I EUOOEO¢c¢Ow T guUl
aEOUc¢ OEOUEEC¢ UG
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EIl API Ol OwbpanbOwgOEI OPOOI wi OwaLoUl Owal UOPwUI YPal UPwEI
EPUOI 1 UPDAPOET wODPUOI Ol wpEl EEOCOEOAWEUUUOOEUE O¢ OwbdOU OEL

3 MRV Backtracking: +1 EUOw / UDYDOI 1 FHAacd3£ME ®éad h UWite) FlyuExedute
11 OOPOEI EPUBwW x OETI OPOOI wi OwELI LOw ai UO0Pw Ul YPal Ubw EIT
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MRV-SEC(atanmamis_degiskenler, atama):
EN AZ ¢ «

HER degisken ICIN atanmamis_degiskenler:
sayag € 0
HER izin ICIN {No-Access, Read, Write, Execute}:
EGER kisitlar_gecerliyse(atama u {degisken: izin}):
sayag € sayag + 1

EGER saya¢ < EN_AZ ISE:
EN_AZ ¢ sayag
secilen ¢ degisken

DONDUR segilen

Algoritma 2. MRV-2$+$" 30w, DODOUOwW* ECEOw#1 Al UOT Uw#1 ADP1 O1 Owz
, 15wUU0UEUVI NPUDPODPOWAREOEI OEwxUI OUPEPOWEUEOEWEAEE: 6¢ O
kilittenme etkisini (lock -DOwl I I T EUAwg OO01 Ol OUPUWEZN¢ B

'UwNEOC|OEEEw,1SZODOwiUODOODADODwEiODUOiéIOwOUDUD(
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"OETl w21 UYI UwL &l UPOETI OPw$RI EVDI wii Ul OUPODPOPOWEUVUWET ADP1 O
Ol El OwoOOUUBw, 15wWwEUVUWET AP1 Ol OPwi UOI OwEI ECEEEwWUl UxPUuwl
El xEUUOE O OEBER DI wOBIUws BT EVUUT wal UOPUPWEOOEaAaEwWAEOe¢ 1 OF

'EUPUwl T Ubwbaol Of EIl wbUI wiel ADi1 O 001 VwEOI EEI UPOwU¢ UE
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EUUUOOWUOOUEOPWEE¢ OOEUEEwW20i UPEUI WEI xEUUOEO¢c whbiADOwi g
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UUOUOOUI wOOUxOw, 15WUEEEQO¢cwi Tl UPwbPaoOl Ol waEOOE! ¢ 0¢ O¢ O

OEODPal UPOPwEUEBBUDOACc wBDBHOOh IET gULOOI OUI EPUS

0lcit Diz Backtracking MRV Backtracking
Degisken sayisi 56 56
Deger sirasi Execute once No-Access oOnce
Toplam deneme sayisil 978,305 91
Geri adim sayisi 978,249 35
Calisma siresi (ms) ~22728 ~110
Deneme azalma orani - ~10,751x
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} 701l WOUUOUOOEOQUEECUB WS OET wi EPOI OWOEUUPUwWI 1 OwoODOPOUOWD
x OOPUPOEOEUC¢ O¢c wEaO¢c wEOEEWOEUI ¢ OEOEOUEE¢US

CSP COZUMU — ERISIM KONTROL MATRISI (MRV + Least Privilege)

Arastirma Bordro Hukuk Kod Musteri Odeme Proje Yonetim

AR_GE X:No-Access X:No-Access X:No-Access X:No-Access W:Write X:No-Access
Finans X:No-Access X:No-Access X:No-Access W:Write X:No-Access
Hukuk X:No-Access X:No-Access X:No-Access X:No-Access X:No-Access X:No-Access
IK X:No-Access W:Write X:No-Access X:No-Access X:No-Access X:No-Access X:No-Access
Satis X:No-Access X:No-Access X:No-Access W:Write X:iNo-Access XiNo-Access X:No-Access
Yazilim X:No-Access X:No-Access X:No-Access X:No-Access X:No-Access
Yonetim X:No-Access X:No-Access X:No-Access

X=No-Access R=Read W=Write E=Execute
Renkler: No-Access Write
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AR-GE x E1 Ol w2UOU No-Access 100woc¢ U¢
Finans Bordro Sunucusu Read di wi il Ul OU
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Finans xEl Ol w200U Write di wli il Ul OU
Finans Proje Sunucusu Read dir wil Ul OU
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Autonomous Energy Efficiency and Carbon Footprint
Analysis via Edge Computing -Based Image Processing in

Educational Institutions

Abstract

This research presents an edge computingbased autonomous image processing system aimed at
preventing energy waste caused by static scheduling and operational errors (such as air conditioning
and lighting systems left on in empty classrooms) in educational buildings. The study aims to optimize
the institutional carbon footprint by analyzing real -time occupancy data. As a methodology, instead of
complex sensor networks, low-cost loT-based edge cameras and a TensorFlowbased binary
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classification model trained on the Edge Impulse platform were used. A conservative accuracy
threshold was preferred in the detection algorithm to maintain student comfort. Developed to strictly
prevent PDPL (Personal Data Protection Law) violations, these closed-circuit hardware units are
designed with a privacy -first architecture that processes and destroys the acquired images instantly
within the volatile memory (RAM) of local devices, without transmitting them to cloud servers or
external storage units. Detected anomalies are transferred to dashboards via API integration.
According to the results, by preventing two hours of daily waste in a 20 -classroom pilot building, an
annual energy savings of 25824 kWh and an emission reduction of 11,4 tons of CO2 equivalent can be
achieved. In a full campus projection of 10 buildings, an annual financial savings of 1.291.200TL for the
institution and the prevention of 114,15tons of carbon emissions are anticipated based on current tariffs.
In conclusion, this technology provides a cost-effective and fully legally compliant tool for green
campus goals. While the current prototype covers anomaly detection and reporting, equipment control
integration requiring infrastructure access is planned f or the next phase. During the commercialization
phase, transitioning to thermal sensors is targeted to eliminate visual data.

Keywords: Edge computing; energy efficiency; image processing; Internet of Things (loT); sustainable
campus.
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Blink Communicator: An Al -Powered Eye Blink Recognition

and Command System for Paralyzed Patients

Abstract

In this study, an artificial intelligence -supported real-time eye blink recognition and command system

was developed for paralyzed and ALS patients who have lost motor functions, using a standard web

camera. The system consists of three main components: fag and eye region detection with Haar

Cascade, open/closed eye classification with MobileNetV2-based transfer learning, and a state machine
(BlinkStateMachine) that interprets short/long blink sequences. The model trained on the MRL Eye
Dataset was trainedi OU whk wi x OET UwpbpHUOT wht YAt Yux DRI Oopinfzer0 DwUDAT ¢
(Ir=1e-4). The developed system achieved high performance with 96% accuracy, 0.99 ROC AUC score,

and 0.99 mean precision values. The state machine reliably recognizes more than 8 commands with a

debounce mechanism (3 consecutive frames same stat A Ow Ul | O Rwi DOUI Uwpaydl YwUAOU
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and iris region, yielding meaningful results in terms of interpretability. In light variability tests, 94 -96%
success was achieved under normal conditions (80-150% of brightness), while this rate dropped to 64%
in low light (50%). As a result, an accessible and low-cost communication interface is presented without
the need for expensive eyetracking hardware.

Keywords: Atrtificial Intelligence, Eye Blink Recognition, MobileNetV2, Assistive Technology, ALS
Patients, Human -Computerinteraction, ReaktimeSystems.
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Deep Learning -Based Traffic Sign Recognition: An

Application on the GTSRB Dataset

Abstract

In this study, a deep learning-based traffic sign recognition system was developed using the GTSRB

(German Traffic Sign Recognition Benchmark) dataset. Accurate and fast recognition of traffic signs is

of critical importance for autonomous vehicles and adv anced driver assistance systems. The dataset

contains more than 50,000 realworld images belonging to 43 different traffic sign classes. The developed

Convolutional Neural Network (CNN) model consists of Conv2D, Batch Normalization, Max Pooling,
Dropout,aOE w# 1 OUI wOEail UUS w( OET T Uwbi Ul wUi UPal EwOOwt KAt Kwx b
split into 80% training and 20% validation using stratified sampling; test data was kept separate. The
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model was trained using the Adam optimizer and sparse categorical crossentropy loss function; training
was completed in 15 epochs using Early Stopping. A test accuracy of 97.55% and a loss value of 0.1877
were achieved; only 310 out of 12,630 images were risclassified. The macro average F1 score was
calculated as 0.96. The results demonstrate that the model is competitive with similar CNN -based
studies in the literature. The developed system was deployed to the web using a Gradio interface,
enabling users to perform traffic sign recognition by uploading images or using a camera.

Keywords: Deep Learning; Convolutional Neural Networks (CNN) , Image Processing;GTSRB Dataset
Classification, Computer Vision.
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Antimicrobial Mechanisms of Action and Industrial

Applications of Organic Acids in Food Preservation

Abstract

The assurance of food safety and the extension of shelf life are key priorities in the food industy. In this
regard, organic acids, bacteriocins, spices, and natural and effective antimicrobial agents are widely
used. The objective of this study is to compile and review the antimicrobial mechanisms of organic acids
such as citric, lactic, acetic, propionic, and rbic acids, which are frequently preferred in food matrices
within the framework of recent progress. Organic acids are commonly used as antimicrobial
preservatives in various food types, especially meat products, dairy products, vegetable and fruit
processing, bread, beverages, and canned foods. Previous studies have shown that organic acids inhibit
the growth of various pathogenic and spoilage microorganisms. Additionally, organic acids decrease
pH of food matrix and limit the growth of microorganisms and  so increase the microbial stability. Lactic
acid, in particular, stands out with its strong buffering capacity, flavor -enhancing properties, pH effect,
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and natural preservative properties. Organic acids can also enhance their antimicrobial effectiveness of
as a result of synergistic effects with certain preservation methods. In conclusion, organic acids offer a
reliable, economical, and multipurpose preservation solution for food, ensuring the quality, safety, and
shelf life of food products.
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ESP-NOW Based Distributed Smart Home System

Application

Abstract

In recent years, increasing energy demand, security requirements, and comfort expectations have
significantly enhanced the importance of home automation systems. Smart home systems continuously
monitor environmental data to create safer and more energy-efficient living spaces. The development
of these systems has been strongly influenced by the Internet of Things (loT) and wireless
communication technologies. While Wi-Fi-based solutions enable remote monitoring and control of
devices via mobile applications, low -latency local communication protocols provide faster and more
direct system responses.The aim of this study is to design and develop a low -cost, flexible, and modular
distributed smart home control system based on the ESRNOW protocol. In the proposed system,
instead of relying on a single central controller, the workload is distributed between local control nodes
and a central monitoring unit. Sensor data acquisition and device control are performed directly by local
nodes. Communication between nodes is achieved using the ESPNOW protocol, which operates
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independently of internet connectivity, while user access is provided via Wi -Fi. As a result of the
developed prototype and simulation studies, the system demonstrated stable operation without data
loss. The distributed architecture reduced response time and ensured that the system continued to
operate even in the absence of an interné connection. Consequently, the proposed system offers an
energy-efficient, reliable, and scalable solution for smart home applications.
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Investigation of the Physical and Mechanical Properties of
Silica Fume Added Bricks Sintered Under High -Temperature

Conditions

Abstract

Silica fume is obtained during the smelting process of silicon metal or silicon alloys in electric arc
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it possesses refractory properties. It is anticipated that the disposal of silica fume, which is a waste

material, by substituting it into brick materials through recycling will provide both environmental and

eoconomic benefits. In this study, the effect of silica fume additives on the physical and mechanical

properties of bricks under high -temperature conditions was investigated. Brick samples were produced

by substituting silica fume into clay from the Afyonkara hisar region at ratios of 0%, 10%, 20%, and 30%
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tests were performed on the sintered experimental samples. The results obtained from these tests were
evaluated to examine the impact of the waste additive on the properties of the bricks.

Keywords: Clay, brick, silica fume, sintering.
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Enrichment of Meat, Poultry and Fish Products with Bioactive

Components

Abstract

Meat and fish products naturally possess a rich matrix naturally compounds that support human health,
such as vitamins, minerals, bioactive peptides, and essential fatty acids. In recent years, enriching these
products with functional ingredients including polyphenols, plant extracts, essential oils, and natural
antioxidants has become a significant research trend in food science. The fundamental concept of

WN



OEEI WWEWGIEYUOwWYI w! EO¢cOw2 ULOOI UDOPOwW! PaOEOUDI w! DOI 11 0

functional food production is based on strengthening original products with health -promoting
components. This study aims to present contemporary research investigating the contributions of
bioactive components to preserving sensory properties, slowing physicochemical degradation, and
extending shelf life of meat and fish products. Findings in the literature indicate that natural antioxidant
and antimicrobial substances serve as alternative to synthetic additives. These substances improve
product quality by suppressing oxidative reactions and inhibiting microbial growth. Furthermore,
edible film and coating technologies stand out as effective method for delivering these components. It
is observed that enrichment processes can improve the functional properties of products while also
positively impacting consumer acceptance. Consequently meat and fish products enriched with
bioactive components allow for the development of next generation functional foods that carry health -
promoting properties beyond ensuring fo od safety. This approach holds the potential to strengthen the
position of traditional animal products in the healthy food market.

Keywords: bioactive components; meat and fish products, functional food , shelf life, antioxidant
activity
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Analysis and Measurement System for Posture and Gait

Disorders

Abstract

Objective assessment of gait and posture disorders is an important requirement for monitoring
musculoskeletal problems, neurological impairments, rehabilitation processes and fall risk in older
adults. Conventional motion analysis systems provide high accuracy; however, their use is generally
limited by expensive equipment, laboratory dependency, ¢ omplicated installation and the need for
trained operators. This study presents a low-cost, portable and wearable measurement architecture
designed to analyze posture and gait abnormalities under conditions that are not restricted to clinical
laboratories. The proposed system consists of three MPUG050 inertial measurement units, an ESP32

N K



(UOEEI OwYESw/ OUULUwYI w8LULOI w! 64aUOOUOOEUCcw OEOPAawWYI wx

microcontroller, serial communication -based data transfer, an 18650 Lion battery-supported power
unit, a printed circuit board design, an initial MATLAB -based signal processing workflow and a
subsequently developed Python/PyQt6 -based analysis interface.The sensors are positioned on the left
upper trunk, right upper trunk and L4/central trunk region in order to collect motion -related signals
synchronously. The revised method section defines the sampling frequency, filtering strategy,
complementary -filter -based orientation estimation and preliminary pilot measurement protocol. In the
pilot records, selected windows from healthy gait, right leg short and left leg short scenarios were
evaluated. Preliminary findings indicate that parameters such as shoulder r oll difference and L4 roll
variation may reflect gait asymmetry. The proposed architecture may support rehabilitation followup,
home-based patient monitoring and preventive healthcare applications after further validation

Keywords: Gait analysis, posture analysis, wearable sensor, IMU , ESP32 MATLAB , Python, PyQt6
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Solar-Powered Autonomous Surface Aerator for Dissolved

Oxygen Augmentation in Stagnant Waters

Abstract

In this study, the design of a solar-powered autonomous surface aeration system is addressed to resolve
the dissolved oxygen (DO) deficiency frequently encountered in stagnant and artificial water bodies. In
ponds fed by rainwater with insufficient circulation, increasing organic load and temperature lead to
eutrophication; this situation drops dissolved oxygen levels to critical values, causing serious
environmental problems such as fish kills and foul odors. Therefore, the need for low -cost and
sustainable solutions is increasing every day.
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The proposed system features an LDR sensotbased control mechanism sensitive to ambient light levels.
During daylight hours, the energy obtained through solar panels is stored in Li -ion batteries under the
supervision of a Battery Management System (BMS),which ensures system safety and protects battery
life. During nighttime, when photosynthesis stops and oxygen levels decrease, the system activates
autonomously to circulate water via internal water pumps and perform surface aeration.

The mechanical structure of the system was modeled in Solidworks in a catamaran form to provide
maximum stability on water and reduce hydrodynamic resistance, while 3D printing technology was
utilized in prototype production to ensure modularity. This mobi le platform with a catamaran structure
moves across the water surface, providing a homogeneous oxygen distribution over wide areas, unlike
stationary systems. This proposed approach presents an innovative solution that minimizes operating
costs by running entirely on renewable energy, requires no chemical intervention, and contributes to
sustainable water management.

Keywords: Unmanned Surface Vehicle (USV), Catamaran, Solar Energy, Dissolved Oxygen (DO),
Surface Aeration, Sustainable Water Managemert
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Some Physical Characteristics of Roll Breads Produced in

Afyonkarahisar

Abstract

Bread, which holds a very important place in the daily diet of Turkish society, is produced industrially

in various types for daily consumption. To minimize bread waste, the catering industry and restaurants
prefer roll bread. In this study, changes in some physical properties of samples from four different
businesses producing roll bread in Afyonkarahisar were monitored over a six -month period. According

to the analyses, in all samples, a change was determined in bread weight between 48.5 and 53.9 g; bread
volume between 298.72 and 331.91 ml; bread density between 0.14 and 0.17 g/ml; bread height between
85.77 and 98.94 mm; bread diameter between 41.84 and 57.15 mm; and bread internal pore diameter
between 3.04 and 6.78 mm over the énonth period. Furthermo re, changes in color analysis findings, a
current instrumental technique, were calculated in terms of Chroma and Hue angles (hO) in the roll
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bread samples. The color changes on the outer crust, under crust, and inner surface of the bread samples
were found to be between 9.440- 25.490, 20.08 {B88.170, and 7.86€12.920, respectively, in terms of
chroma, while the hue angle change was between 5536 0-70.310, 57.040/4.090, and 63.050/9.790,
respectively. The change in dry matter values, which is mandatory according to the Turkish Food
Codex, was 67.6676.21% for all bread samples.The research findings were discussed in light of official
norms and literature information.
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Development of an Adaptive Platform Supporting Cognitive
Development Using Virtual Reality and Sensor -Based

Technologies

Abstract

Current digital approaches aimed at supporting cognitive development often keep the user in a passive
role and do not sufficiently consider the integrated nature of cognitive processes with the motor system.
The aim of this study is to design an adaptive hardware-software platform that supports cognitive
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development using virtual reality (VR) and embedded sensor technologies, while providing real -time
feedback and quantitatively evaluating its cognitive effects. In the proposed system, two distinct
physical platforms were designed according to different me asurement objectives: a static platform
performs postural balance analysis using strain gauge-based load cells, whereas a dynamic platform
tracks trunk orientation and motion dynamics using a three -axis accelerometer. Sensor data from both
platforms are transmitted in real time to the Unity game engine via an ESP32 microcontroller using
wireless communication, integrating user movements with cognitive game designs under a dual -task
paradigm. The adaptive architecture of the system relies on performance-based progressive game level
transitions. To validate the impact of the developed platform on cognitive flexibility and interference
management, the Stroop Test was administered to a sample group of n=30 healthy participants. As a
result of the Wilcoxon Signed-Ranks Test analysis applied to pretest and posttest data, reaction
completion times decreased for 100% of the participants, and a statistically highly significant
improvement (p=0.000) was observed across all three test stages. The findings demonstratehat this
embodied cognition model, which integrates physical movement data and the virtual reality
environment, minimizes individual performance differences and provides a homogenous cognitive
acceleration compared to traditional passive methods.

Keywords: Virtual Reality, Cognitive Development, Sensor -Based Systems, Adaptive Learning,
Gamification
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