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artificial intelligence, In the context of the rapid development of the construction industry,
construction site, U.S. safety issues on construction sites are becoming increasingly relevant.
Bureau of Labor Statistics, According to various sources 60 to 80% of accidents at construction sites
personal protective are related to safety violations. This is due to the challenging working
equipment, monitoring, conditions, the high degree of interaction with heavy machinery and the
predictive analytics, shortcomings of existing control methods, which largely rely on human
automation. factors. In response to these challenges, the project proposes the

development of an intelligent monitoring system for construction sites
using artificial intelligence (AI) and computer vision technologies. The
primary function of the system is the automatic detection of safety
violations, including the absence of personal protective equipment
(helmets, vests, goggles, etc.), as well as facial recognition for employee
identification and access control. Additionally, the system will
incorporate alcohol level monitoring for workers before they are
permitted to begin their shifts. The implementation of this system is
expected to provide continuous and objective monitoring of safety
compliance, minimize the impact of the human factor, increase the
responsiveness to incidents, and ultimately lead to a significant
reduction in injuries and accidents. This interdisciplinary development
integrates advancements in Al, construction technologies, and safety
management. The system's deployment will also promote the
digitalization of the construction industry, enhance its competitiveness,
and establish a scientific and technological foundation for further
research and innovative solutions in the field of industrial safety.
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Enbex craTucTukacel
BIOPOCEL, >KeKe KOPFaHbIC
Kypaadapbl, MOHUTOPVIHT,
IIpeAUKTUBTI aHAAUTHKA,
aBTOMaTTaHABIPY

©3eKTiAirin apTThIpyAa. Typai gepekkesaepail MaaiMeTiHIIe, KYPbLAbIC
HBICAHAAPbIHAA OPBIH aJaThIH >KasaTalbIM OKuraaapasiy 60-80 %-bI
eHbOek Kayircisairi epexeaepiniy OyablaysiMeH OaitaaHbBICTHL. bBya
Kargalidap — JKYMBIC — JKargalidapblHBIH — KypdedidiriMeH, — aybIp
TeXHMKalapMeH TBIFBI3 opeKeTTeCyMeH >KoHe ajaM (aKTOpbIHa
HerizgeareH OakplLaay a4icTepiHiH keMIidikTepimMen TyciHaipiaeai. Ocb
ChIH-KaTep./epre Kayall peTiHJe >k00a ascblHAAQ KYPBLABIC HBICAHAAPBIH
MHTeAAeKTyaaAbl Dakblaay >KyIieciH >Kacay YCBIHBIAAAbI, OA >KacaHAbI
nareaaekt (KV) mneH KOMIBIOTEPAIK Kepy TeXHOAOIMsAAapbIH
KoaJaHyFfa Herisgearen. JKyiteHiH Herisri MakcaThl — Kayilcizaix
TeXHMKACHIHBIH OY3YIIBLABKTapEIH aBTOMATTHl TypAe aHBIKTay, COHBIH
imiHAe JKeKe KOpPFaHBIC KypaaJapbIHbIH (Kacka, JKIAeT, Ke3ia4ipik sxoHe
T.0.) )KOKTHIFBIH aHBIKTay >KoHe >KYMBICIITBLAaPABI TaHy MeH HbICaHAapFa
Kipyai Oakplaay ymiiH d¢elic-koHTpoab >Kyprizy. CoHbIMeH Katap,
Kyliere KbI3MeTKepAepAiH >KyMbICKa Kipicep aaAblHAArbl aAKOIOAb
AeHreitiH  Oaxplaay Cl)yHKLU/I}ICLI enrizizeai. JKyitenin enrisiayi
Kayilcisgik HOpMaJdapblH CakKTayAbl Y34iKci3 >koHe OOBeKTUBTI
GakplaayABl KAMTaMackI3 eTill, ajaM paKTOpBIHa ToyeAAiAiKTi asaliTaabl,
OKBIC OKMFaJapFa 9peKeT eTy >KeAeAAiriH apTThIpajbl JKoHe XKapaKaTTap
MeH allaTTap CaHBIH aliTapAbIKTall KbICKapTyFa oKeleal 4ell KyTiayJe.
bya osipaeme moHapaablk cumatka wue ©Ooaem, JKV, Kypblabic
TEeXHOAOTMAAApBl >KdHe  Kayimcisaikti Oackapy cadadapblHAAFbI
xeTicTiktepai Oipikripeai. JKylieHiH eHrisiayi KypblABIC caAachlH
undpaaHAbBIpYyFa, OHBIH Oocekere KabideTTiairiH apTThHIpyFa >KoHe
OHepKICINTIK Kayilci3aik cadachlHAarbl 0oJallak 3eprTeyaep MeH
MHHOBAaLIVIAABIK, IIeNIiMJepre apHaAfaH FBLABIMU-TEXHUKAABIK Oasza
Ka/ABIIITacThIPyFa bIKIIaA eTeai.

Karouessie caoBa:

AHHOTAIIVST

VICKYCCTBEHHBIN IHTEAAEKT,
CTpouTeAbHas I1A0IIaKa,
BI0pO CTaTUCTUKY TPyAa
CIHIA, nuAMBUAYaAbHBIE
CpeacTBa 3aIlluThl,
MOHUTOPVIHT,
HpeAVKTUBHAs aHAAUTIKA,
aBTOMAaTU3ALIVS

B ycaoBmsax akTMBHOrO pasBUTHS CTPOUTEABHON OTpPacAu BOIIPOCHI
obecrieyeHst 0e30I1acHOCTU Ha CTPOUTEABHBIX Iaoniaakax
npuoOpeTaloT BCé OOABIIYIO aKTyaabHOCTh. 110 AaHHBIM pa3AMIHBIX
ncTogHnKoB, oT 60 A0 80% HecyacTHBIX CAyJaeB Ha CTPOMTEABHBIX
oObekTax CBsI3aHbl C HapyIIeHMAMM TeXHUKM Oe3onacHOCTU. DTO
00yCA0BAEHO CAOXHBIMU YCAOBMAMM TpPyAa, BBICOKOI CTeIIeHBIO
B3aIMOAEVICTBMSI C TSIKEA0M TEeXHMKON, a TaKyXke HeAoCTaTKaMI B
CYIIeCTBYIOIIMX MeTOAaX KOHTPOAs, OCHOBAaHHBIX Ha YeA0BeYeCKOM
¢axkrope. B oTBeT Ha AaHHEIE BEI3OBEI B paMKaXx IIpOeKTa IIpejJaraeTcs
CO3jaHle MHTeAAEeKTyaAbHOM CUCTeMbl MOHUTOPMHIA CTPOUTEABHBIX
OOBLEKTOB C MCIIOAB30BaHNEM TeXHOAOTHUI MICKYCCTBeHHOTO MHTeAAeKTa
(M) m xommpioTepHoro 3pennsa. OcHOBHas 3ajada CHCTeMBI —
aBTOMaTMJeckoe BbIsIBA€HME HapyIIeHMII TeXHMKM Oe301acHOCTH,
BKAIOYas OTCyTCTBME WHAMUBUAYAa/AbHBIX CPEACTB 3allMUTHl (KacKu,
KIA€Ta, OYKOB M T.A.), a TakKe IIpoBedeHre ¢eric-KOHTpOAs AAS
nAeHTUPUKAIMY COTPYAHMKOB ¥ KOHTPOAS JAOCTyIa Ha OOBEKTHI
Kpome Toro, B cucremy 6ydeT mHTerpuposaHa (PYHKIUS KOHTPOAS
VPOBHSI aaAKoroas Yy pabOOTHHKOB Ilepej JOIYyCKOM K pabore.
IlpearosaraeTcsi, dYTO BHeApeHNUE JAaHHOW CHCTeMHBI OOeCITeumT
HeIIpephIBHBIN 1 OOBEeKTUBHBIN KOHTPOAb 3a CODAIOJeHUEM HOPM
0e30ITacHOCTY, MUHUMM3UPYET BAUAHUE dYeaoBedeckoro QakTopa,
IOBLICUT OIIEPaTMBHOCTh pearnMpoBaHMs Ha WMHUMAEHTH M, Kak
CAeACTBMEe, IIPUBEAET K 3HAaYMTEAbHOMY CHIDKEHMIO 4Yucla TpaBM U
HecJyaCTHBIX caAydaeB. Pa3zpaboTka HOCUT MeXAVCIIUILAMHAPHEI
Xapakrep 1 00beauHsET AoCTvKeHus B odaactu VIV, crpouTeabHbIX
TEXHOAOTUI U yIIpaBAeHNs 0e301IacHOCThIO. BHepeHne cucTeMsl TakKe
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OyZeT crmocobcTBOBaTh NNMQPPOBU3ALINY CTPOUTEABHON OTPacAu, pocTy
€€ KOHKYPEHTOCIIOCOOHOCTY ¥ (POPMUPOBAHUIO HAYIHO-TEXHUIECKOTO
3ajeAa AAsl AAABHENIINX UCCAeA0BAaHMIT Y MHHOBALIMOHHBIX PEIeHNII B
cepe IPOMBIIIAEHHOIT GE30ITaCHOCTIL.

INTRODUCTION

Modern construction is associated with numerous risk factors, including interaction with
heavy machinery, working at heights, exposure to adverse weather conditions, and high
personnel density on construction sites. Despite the presence of regulations and standards,
traditional safety methods based on periodic inspections and visual monitoring often prove
ineffective in the face of the high dynamism and complexity of construction processes. These
methods rely heavily on the human factor and are unable to provide continuous monitoring.
According to estimates by international and national organizations, 60 to 80% of workplace
accidents occur due to non-compliance with occupational safety regulations. Data from the U.S.
Bureau of Labor Statistics indicate that the fatality rate among construction workers is nearly six
times higher than in other sectors of the economy, highlighting the urgent need for fundamentally
new approaches to ensuring safety. Amid the rapid digitalization of the economy, including the
construction industry, there is an urgent need for intelligent systems capable of operating in real
time and effectively identifying potential threats before critical situations arise. This study
proposes an innovative Al-based approach that integrates predictive analytics, computer vision,
and Internet of Things (IoT) sensors, aimed at establishing a new paradigm in safety
management. Predictive analytics enables the analysis of large datasets related to incidents,
weather conditions, and technical failures, identifying patterns and allowing for the prediction of
potentially hazardous scenarios. Al-powered cameras in real time detect the absence of personal
protective equipment, equipment misuse, and abnormal personnel behavior, automatically
notifying management for prompt response. IoT sensors track environmental parameters, such
as dust levels, noise, temperature, and vibrations and trigger safety protocols when thresholds
are exceeded. The integration of all system components into a unified digital platform ensures
continuous monitoring, minimizes human error, enhances workers’ situational awareness, and
fosters a strong safety culture. As part of the project, the development and pilot implementation
of the software platform Futurism Sentinel Sphere is being carried out. The platform is adapted
to various types of construction projects, including residential, industrial, and infrastructure
construction. The system is capable of automatically detecting violations, performing facial
recognition, registering employee entry and exit, and monitoring workers’ conditions, including
alcohol testing. The implementation of this technology aims to significantly reduce the number
of emergency situations, optimize safety management processes, increase transparency, reduce
time and financial costs, and improve the overall quality of construction work. The
interdisciplinary approach combining advancements in artificial intelligence, construction
technologies, occupational safety standards, and engineering informatics, makes the project
particularly relevant for the Republic of Kazakhstan. It supports the development of national
technological capacity, strengthens the position of domestic companies in the construction
market, and contributes to the training of highly qualified specialists in digital technologies and
industrial safety. Thus, the application of Al as both a research and practical tool for safety in
construction opens new horizons for transforming the industry and building a more sustainable,
secure, and technologically advanced future.

According to data from the U.S. Bureau of Labor Statistics, the fatality rate among
construction workers is nearly six times higher than that of workers in other sectors of the economy
(Figure 1) (International Labour Organization, 2018). This striking statistic underscores the urgent
need for decisive solutions to improve safety on construction sites. Under current conditions,
traditional monitoring methods often fail to timely identify and prevent hazardous situations,
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necessitating the use of innovative technologies such as artificial intelligence and computer vision
to automate monitoring and minimize risks (International Labour Organization, 2018). Fatalities
Among Workers by Major Industry Sectors, 2022-2023. The construction, agriculture, and fishing
sectors continue to account for the highest number of worker fatalities due to accidents each year.

Fatal injuries to workers by main
industry, 2022 -2023

Figure 1. Worker Fatalities by Major Industry Sectors, 2022-2023 (USA)
Note — compiled by the authors

In Kazakhstan, the level of occupational injuries remains high: approximately 1,500
individuals are injured at work each year, and around 200 die, with real numbers likely higher
due to underreporting of incidents. The causes of workplace accidents include both systemic
management issues, such as lack of oversight, cost-cutting on safety measures, and hiring without
official contracts and individual negligence among workers. Despite a gradual decline in injuries
and fatalities since 2012, the situation remains alarming: over one million Kazakhstani citizens
work in unfavorable and hazardous conditions. Amid systemic corporate irresponsibility and the
limited authority of labor inspections, the burden increasingly falls on the workers themselves,
who are often left unprotected due to informal employment and ineffective institutional
mechanisms. Trade union representatives emphasize the need for collective agreements and
greater worker involvement in defending their rights. At the same time, the positive experience
of foreign companies operating in Kazakhstan demonstrates that safe labor is achievable through
strict compliance with procedures and employer accountability. European practices show
significantly lower injury rates, attributed to effective institutions, oversight, and a strong
occupational safety culture, an area Kazakhstan still has to develop (Jung et al., 2022).

This research direction is promising and rapidly evolving. Publications in this field, as
well as the number of citations in the Web of Science database, show steady annual growth,
indicating increasing interest from the scientific community in this topic (Figure 2).

Globally, the construction industry is marked by a high number of both fatal and non-fatal
accidents. According to the International Labour Organization, construction workers in
developed countries face nearly four times the risk of fatal incidents compared to workers in other
professions (International Labour Organization, 2018). Fatal and permanently disabling accidents
occur at an alarmingly high rate in the construction sector (Jung, 2022; Hussain, 2023; Park, 2023).
For example, South Korea reports the highest average fatality rate 17.9, compared to 9.4 in the
United States and 5.3 in China (Choi et al., 2019). The construction industry, known for its
complexity, heavily relies on manual labor to perform control and supervisory functions.
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Figure 2. Number of Publications and Citations in Web of Science
Note — compiled by the authors

However, relying on human labor for safety monitoring has proven to be costly, labor-
intensive, and prone to errors, which reduces overall efficiency. At the same time, ensuring
employee safety remains a key responsibility of construction companies, necessitating accele-
rated processes, increased productivity, and rapid resolution of safety issues on construction sites
(Xiao, 2021; Chen, 2022; Suh, 2023; Hussain, 2024; Soltani, 2024). Zheng and Li analyzed studies
conducted between 1991 and 2021, emphasizing the importance of utilizing information
technologies, including computer vision, virtual reality, and simulation to enhance risk
awareness and safety measures in the construction sector (Zeng, 2022). In recent years, computer
vision technologies have been widely adopted across various industries, including construction,
where they play a critical role in improving safety and monitoring operations (Wang, 2024).

Significant contributions have been made through the development of personal protective
equipment (PPE) detectors, which help monitor compliance with safety regulations (Fang, 2018;
Fang, 2018; Huang, 2021; Han, 2022; Hung, 2019; Wu, 2019). Most research in construction safety
monitoring has focused on helmet detection. For example, Bo et al., (2019) proposed a YOLOv3-
based method demonstrating high accuracy; Gu et al., 2021 developed a helmet detection approach
using YOLOvV4; and Zhou et al,, 2021 introduced a YOLOv5-based method noted for its high
precision and real-time performance. In addition to YOLO-based technologies, Long et al., 2019,
Wu etal,, 2019, and Li et al., 2020 proposed solutions using the Single Shot Multibox Detector (SSD),
which also yielded promising results. Furthermore, several studies employed convolutional neural
networks (CNNs) to recognize workers’ safety vests (Hung, 2019; Jeon, 2020; Ali, 2021). However,
despite their successful application in controlled environments, these methods have not yet been
implemented or tested on real construction sites in real-time scenarios (Khan, 2023). They also do
not always ensure accurate detection in every frame, leading to false positives or missed detections
due to occlusion or object overlap (Li, 2023), which in turn reduces the effectiveness of automated
monitoring systems. According to a bibliometric study by Luo et al., 2022, both developed and
developing countries have adopted artificial intelligence (Al) technologies to address safety issues
on construction sites. In the Republic of Kazakhstan, research on the application of Al for
construction site safety monitoring is still at an early stage. Most existing studies focus on the
implementation of digital technologies and intelligent construction management systems; however,
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there is a lack of research specifically dedicated to automatic safety violation detection using Al
Studies by Turlybayev (2022) and Sarsenbayev (2021) emphasize the need to implement digital
technologies and automation systems to enhance safety at construction sites in Kazakhstan,
highlighting persistent issues such as high injury rates and the low effectiveness of traditional safety
control systems. Concurrently, research analyzing the causes of construction site accidents has
revealed significant shortcomings in the current safety system (Sukhachev, 2025), underlining the
need for modern solutions such as breathalyzers and worker condition monitoring systems.
Currently, most existing safety systems on construction sites use fragmented elements, such as
video surveillance and access control, but comprehensive solutions that integrate safety violation
detection, facial recognition, and alcohol level monitoring have been scarcely studied or
implemented. Moreover, such systems often suffer from limited response speed and accuracy,
which reduces their practical effectiveness. The new project aims to address these shortcomings by
developing an integrated system that automates monitoring, reduces the burden on inspectors, and
minimizes human error. Based on Al and computer vision technologies, the system will operate
continuously, with scalability and adaptability for different construction sites. The key
distinguishing feature of the proposed solution lies in its comprehensiveness for the first time in
Kazakhstan, a single system will integrate automatic detection of safety violations, worker
identification, and health status monitoring, including alcohol testing, thereby significantly
enhancing overall safety levels. The project holds strong commercialization potential and may
contribute to the digitalization of the construction sector and the development of intelligent risk
management systems. The scientific novelty of the project lies in the development of a unique
integrated platform that combines Al, computer vision, facial recognition, and sensor technologies,
an approach not previously applied in the construction industry of Kazakhstan. The project
promotes the advancement of interdisciplinary research in machine learning, automation, and
industrial safety. Its outcomes may serve as a foundation for new approaches to risk management
amid ongoing urbanization and growth in the construction sector. Thus, the implementation of
such a system will contribute to reducing accidents and injuries, saving costs for employers,
enhancing the industry's public image, and improving working conditions. Taken together, these
factors make the project relevant, innovative, and socially significant.

MATERIALS AND METHODS

To date, most existing safety systems on construction sites are limited to the use of individual
components such as surveillance cameras or access control systems. However, comprehensive
solutions that integrate safety violation detection, facial recognition, and alcohol level monitoring
remain largely underexplored and have not been widely implemented. Moreover, current systems
are prone to false alarms and often fail to respond promptly to changes in work processes, creating
serious barriers to ensuring reliable and timely worker protection. In response to these challenges,
an innovative project is being developed to address current shortcomings by integrating all control
elements into a single intelligent platform designed to significantly enhance safety on construction
sites. A key advantage of the proposed system is its automated monitoring capability, which reduces
the burden on inspectors and minimizes human error. The system will operate continuously, using
artificial intelligence and computer vision technologies to perform real-time video stream analysis
and detect potential violations. An important feature of the project is its scalability and adaptability
to the specific needs of various construction companies. Unlike existing solutions in Kazakhstan and
abroad, this project is based on a comprehensive approach that simultaneously performs three key
functions: automatic detection of safety violations, biometric identification of workers through facial
recognition systems, and condition monitoring via alcohol level sensors. This integrated
functionality is being implemented for the first time within a single system, lending the project both
scientific novelty and high practical significance. Al and computer vision technologies will enable
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the recognition of critical situations, such as the absence of protective equipment, workers' presence
in hazardous zones, and the execution of risky actions. Meanwhile, facial recognition and sobriety
checks will ensure access control and prevent incidents related to human factors. The development
of this system is especially relevant for large-scale construction projects with high personnel density
and intensive workflows, where the risk of accidents is significantly elevated. The project contributes
to the advancement of interdisciplinary research in automation, machine learning, and intelligent
data analysis, while also offering new approaches to safety management in the context of increasing
urbanization and the development of Kazakhstan’s construction sector. The scientific and
technological demands of the project stem from the need to create adaptive Al-based automated
solutions for effective monitoring and timely response to hazardous situations, making its
contribution to improving occupational safety particularly valuable. The socio-economic impact
includes reductions in injury and fatality rates, preservation of workers’ health, lower costs
associated with incident response, and overall gains in labor productivity. The project's
innovativeness and competitiveness are grounded in its use of advanced technologies in multisensor
analysis, machine vision, and intelligent control systems, which help minimize risks, accelerate
decision-making, and enable integration with other safety infrastructures, making this solution both
timely and in high demand in the construction technology market.

The project hypothesis posits that the implementation of an intelligent monitoring system
incorporating facial recognition and alcohol level detection will significantly improve the
effectiveness of identifying and preventing safety violations on construction sites. To test this
hypothesis, a comprehensive research strategy will be employed, combining descriptive,
correlational, and experimental methods. First, data on the current state of safety and the
technologies in use will be collected and analyzed. Then, the relationship between safety levels
and the use of integrated systems will be examined, followed by pilot testing of the developed
system under real-world conditions. The research sequence includes a literature review, field
studies, system modeling, experimental implementation, pre- and post-deployment analysis, and
the development of recommendations for scaling. This approach will provide a thorough
assessment of the system's effectiveness and validate the scientific soundness of the hypothesis.

The project's key experiments are designed to evaluate the effectiveness of the intelligent
monitoring system under real construction site conditions. The first experiment focuses on testing
facial recognition to assess the accuracy and speed of worker identification, including cases where
workers are wearing helmets and safety glasses. Cameras will be installed at entry points and key
zones, and recognition results will be compared with actual employee data. The second experiment
targets the automatic detection of safety violations using Al algorithms trained on video footage from
real construction sites and tested in scenarios involving simulated infractions. The third experiment
involves deploying breathalyzers at construction sites and integrating them with access control
systems to monitor workers” conditions before shifts, with the expectation of reducing the number of
individuals granted access while over the legal alcohol limit. The final stage entails the pilot
implementation of the complete system on a construction site, where all components will be tested
together over a defined period to assess their combined effectiveness and to collect data for further
optimization. The expected outcome of the pilot implementation is the confirmation of the integrated
system’s functionality and the collection of empirical data for its subsequent optimization. The
experiments described will allow for a comprehensive validation of the project’s hypotheses and
provide a foundation for scaling and successful deployment of the developed technology. The
proposed system is a comprehensive solution that integrates real-time video surveillance modules,
intelligent data processing using Al algorithms, and a user-friendly interface for efficient safety
management. The system’s structure is detailed in Figure 3.
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Figure 3. Automated Safety Violation Monitoring on Construction Sites Using Al
Note — compiled by the authors

This figure illustrates the architecture and workflow of the Al-powered construction site
monitoring system developed for automatic detection of safety violations. The system is
equipped with multiple surveillance cameras installed across the construction site to capture real-
time video streams. The cameras are positioned to cover different zones of the site and record
potential safety violations. The video streams are continuously collected and transmitted to the
system for processing. These streams are sent to a central Al server, where real-time analysis is
performed. Al algorithms process the incoming footage to detect the following types of
violations: absence of helmets and personal protective equipment (PPE), and non-compliance
with regulations for working at heights. Additionally, the system includes a feature for detecting
workers' blood alcohol levels. Entry terminals equipped with breathalyzers are installed at the
site’s access points to measure employees' alcohol levels before they begin work. If the detected
level exceeds the permissible threshold, the system issues a warning and denies access to the site.
The server processes the video streams using computer vision algorithms and stores both the
original and processed footage for future use. Processing occurs in parallel with the live stream,
allowing for immediate detection of violations. The processed data and video streams are
transmitted to a cloud platform, where they are securely stored. The platform enables remote
access to the data, ensuring scalability and reliable backup. The platform also synchronizes data
between the system and user interfaces in real time. Through this interface, system operators can
control cameras, adjust video stream settings, monitor detected violations, manage alcohol level
checks, and generate reports. Camera and stream control allows users to view live video feeds,
access archived footage, and configure violation alerts or inspection intervals. The interface also
displays data from the alcohol detection terminals, enabling monitoring of test results and
preventing access for individuals who exceed the permissible alcohol threshold. The system
automatically generates snapshots of violations with detailed event information, including the
time, type of violation, and the personnel involved. These reports are stored on the server for
subsequent analysis and audit purposes. All system components are connected via the internet,
ensuring continuous interaction between the Al server, cloud platform, and user interface.
Authorized users can conduct real-time remote monitoring from any device. This system
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provides a comprehensive solution for enhancing safety on construction sites. The integration of
artificial intelligence and computer vision enables timely detection of safety violations, reduces
human error, and improves overall construction site management. This approach increases
inspection efficiency and helps prevent incidents through early identification of potential risks.
The project will employ object and violation detection methods using YOLO (You Only Look
Once), real-time monitoring, and model accuracy enhancement and adaptation techniques. The
project will include two core components: an analysis stands and a monitoring and verification
system. In the initial research phase, the architecture will be developed to ensure interaction
between these systems and to optimize data storage and processing on the server. The server will
manage camera video streams, process employees' biometric data, and store information on
detected violations. The artificial intelligence system responsible for monitoring compliance with
safety regulations will also operate on this server. The safety violation recognition system is based
on a machine learning model, specifically using the Ultralytics library with the YOLO
architecture. These technologies will be trained on real data collected from surveillance cameras
to enable the system to automatically detect violations such as the absence of helmets, lack of
personal protective equipment, or the presence of employees on site while under the influence of
alcohol. The Ultralytics library is one of the most popular deep learning libraries, providing an
implementation of the YOLO model for object detection tasks. YOLO (You Only Look Once) is a
neural network architecture designed for fast and accurate object recognition in images. The
model divides an image into a grid and, for each cell, determines whether an object is present, its
boundaries, and its class. For this project, YOLO will be trained to recognize the following objects:
people (construction workers), safety helmets and protective clothing (presence or absence), and
potentially hazardous actions or zones (e.g., being in a danger zone without a helmet). To ensure
the effective operation of the system, information will be collected from various sources,
including live video streams from cameras, violation snapshots with detailed descriptions,
biometric data of employees, and alcohol test results from the verification stand. The data will be
systematized and prepared for further processing. To improve training quality, data
augmentation is used a method in which images are altered (e.g., changes in lighting or camera
angles) to increase the model’s robustness under various operating conditions. The YOLO model
will be trained on annotated data for object classification and localization. Each type of violation
will be assigned a specific class: absence of a helmet, presence in a hazardous zone, improper
wearing of protective clothing, and others. After training, the model will be integrated with the
construction site’s video surveillance system, where it will analyze live video streams in real time
to detect safety violations. All video streams will be processed at low intervals to efficiently utilize
server resources and computational accelerators, enabling timely safety compliance checks. A
pre-trained artificial intelligence model will be used to detect safety violations. The model will be
trained on frames collected from the construction site using the Ultralytics library and the YOLO
architecture, which is designed for identifying and classifying objects in images. Training the
model will allow the system to target specific objects and actions for monitoring (Figure 4).

The entire system will include a control panel with a web interface, allowing
administrators to add cameras, set inspection intervals, and view the history of violations. This
interface will be developed with a focus on usability and accessibility of information for users.
The analysis stand will consist of a computer with a touchscreen, a camera, and a breathalyzer
sensor. The stand's software will perform employee identification based on biometric data stored
on the server. Once identification is successful, a step-by-step verification process will follow,
using an intuitive user interface. After the system's pilot deployments at several construction
sites, model retraining on new data may be conducted to improve accuracy and adapt the system
to the specific characteristics of each site.
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Figure 4. Field Data Processing System
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During system operation, ongoing analysis of false positives cases where the system
erroneously detects a violation will be conducted, followed by adjustments to algorithms and
model parameters to enhance recognition accuracy. At the final stage of the study,
comprehensive testing of the system is planned under real construction site conditions,
including assessments of violation detection accuracy, information processing speed, and the
coordination of all components. The test results will be used to identify bottlenecks, eliminate
deficiencies, and optimize functionality. After the system is deployed, user feedback will be
collected to evaluate its effectiveness, identify strengths and weaknesses, and implement
improvements based on practical experience. The use of the YOLO model and the Ultralytics
library in this project ensures high performance and reliability of real-time safety monitoring,
which will significantly enhance worker protection, reduce the number of incidents, and enable
timely responses to potential threats.

DISCUSSION

One of the key challenges of the project was ensuring high recognition accuracy in
construction site environments, where workers' faces may be partially obscured by helmets,
goggles, or other protective equipment. To address this issue, data augmentation and model
retraining under specific conditions were employed. Particular attention was also given to the
speed of video stream processing, as the system is required to operate in real time. It is important
to note that even with high accuracy, false positives may still occur, especially in atypical
situations. This necessitates continuous adaptation of the algorithms and regular updates to the
training dataset. Furthermore, the project highlighted the need for flexible system configuration
and effective interaction with personnel, both in terms of how alerts are perceived and in
protecting personal data. Future development of the project envisions expanded functionality,
including predictive analytics and integration with construction process management systems.
Continued efforts are also recommended to reduce the number of false alarms and to increase
model robustness under varying weather and lighting conditions typical of construction sites.

CONCLUSION

One of the primary challenges of the project was achieving high recognition accuracy in
construction site environments, where workers' faces may be partially obscured by helmets,
protective goggles, or other personal protective equipment. To address this, data augmentation
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and model retraining were applied using specially curated image datasets that reflect real-world
operational conditions. Particular emphasis was also placed on ensuring high-speed video stream
processing, as the system is required to function in real time. Despite achieving high accuracy,
false positives may still occur, especially in non-standard or rapidly changing situations,
necessitating regular algorithm adaptation and training data updates. Moreover, the project
underscored the importance of flexible interaction between the system and personnel, both in
terms of interpreting and responding promptly to alerts and in protecting employees' personal
data. Future development of the project is expected to involve expanding the system’s
functionality, including the implementation of predictive analytics and integration with
construction process management platforms. Further efforts should also focus on reducing the
number of false alarms and improving the model’s resilience to various weather conditions and
lighting changes typical of construction sites. The expected outcome of the pilot implementation
is to confirm the functionality of the integrated system in real-world conditions and to gather
empirical data necessary for further optimization. The proposed experiments will enable a
comprehensive validation of the project’s working hypotheses and will lay the foundation for
scaling and effective implementation of the developed technology. The presented system is a
comprehensive solution that integrates real-time video surveillance modules, intelligent data
processing based on Al algorithms, and an intuitive user interface for efficient safety management
on construction sites.
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