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Abstract. Despite established requirements for the use of personal protective
equipment (PPE), such as helmets and goggles, traditional methods of control
at construction sites often fail to ensure the proper level of compliance with
safety standards, resulting in increased injuries. The goal of the project is to
develop an integrated system of face control, automatic verification of the
presence of PPE, and alcohol level monitoring using computer vision
technologies, machine learning, and drones. The system will perform face
recognition, control the presence of helmets and glasses, as well as identify
unsafe behavior and signs of alcohol intoxication, providing continuous
monitoring of workers. It is expected that this will significantly improve the
level of safety, reduce the number of accidents, and increase labor productivity.
The development will be adaptable for various industries - from construction
to mining and oil and gas. The project has high practical and socio-economic
significance, contributes to the development of the scientific and technical
potential of Kazakhstan, the creation of new jobs in the field of IT and
automation, as well as strengthens the interaction between science and
production.
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Introduction

The relevance of this article is driven by the urgent need to enhance safety at construction
sites, where non-compliance with ocncupational health and safety regulations remains one of the
main causes of injuries and fatalities. The prerequisites for developing an integrated safety
monitoring system are based on an analysis of existing technologies and scientific research
confirming the effectiveness of computer vision and artificial intelligence. Preliminary results
show that the use of such technologies significantly improves the efficiency of safety compliance
monitoring and enables continuous worker condition tracking.

Previous studies have revealed shortcomings in existing systems, including a low level of
automation, a lack of real-time monitoring, and fragmentation of solutions. The scientific novelty
of this article lies in its comprehensive approach to occupational safety, integrating facial
recognition, automatic verification of personal protective equipment (PPE), and real-time worker
condition monitoring, including alcohol detection. International studies [5-10] confirm the
effectiveness of such solutions; however, the example of Kazakhstan reveals specific challenges
that require customized developments. National research [11-12] highlights the absence of
comprehensive safety solutions in the construction sector. This article aims to fill that gap and
proposes a system that could reduce the number of accidents by 30% within the first six months
of implementation.

The project addresses modern scientific and technological needs related to the creation of a
safe working environment. The high injury rate on construction sites, confirmed by statistical data,
generates significant social and economic demand for innovative safety management systems.
Moreover, the project’s implementation is expected to reduce costs associated with treatment,
insurance, and compensation while simultaneously improving labor productivity. At the national
level, the project aligns with occupational safety program priorities, and at the international level,
it has the potential for scaling and adaptation. Thus, the project is of strategic importance and can
contribute to the development of new safety standards, increase the competitiveness of the
construction industry, and improve the quality of life for workers.

The scientific novelty of the project lies in the integration of modern monitoring technologies
and risk analysis at construction sites through the use of computer vision and artificial intelligence
algorithms for automatic compliance control with safety standards. The unique approach to
solving the injury problem involves creating a system capable of detecting violations related to
PPE use and potential hazards in real time. The significance of the project lies in its potential to
significantly reduce accident rates, which is critical for improving overall workplace safety. The
study’s outcomes can enhance safety management methods and introduce innovative solutions
into Kazakhstan’s construction sector, aligning with modern occupational safety requirements and
contributing to the country’s economic development.

The methodology

1) The prerequisites for the development of the project are based on the analysis of existing
technologies and scientific research confirming the need for the integration of safety monitoring
systems at construction sites. In particular, preliminary results show that the use of computer
vision can significantly improve the efficiency of monitoring compliance with safety standards,
reducing the number of accidents. Previous studies in the field of occupational safety have
identified the shortcomings of current systems, such as a low degree of automation and the lack of
real-time monitoring. In addition, the development of prototype systems using machine learning
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algorithms has shown promising results, which creates the basis for the creation of an integrated
system aimed at preventing injuries and improving working conditions. Existing developments in
the field of patenting technologies and publishing scientific articles also confirm the readiness to
implement this project, contributing to its scientific and practical significance.

2) The rationale for the scientific novelty of the project is related to current research in the
field of occupational safety, especially at construction sites, where a high risk of injury requires the
implementation of modern technologies. In international practice, studies by [13-14] have shown
that the use of computer vision technologies can significantly reduce the number of accidents
caused by non-compliance with safety rules. Similarly, the work of [15] highlights the effectiveness
of facial recognition technologies in improving safety in various industries, including construction.
However, despite significant advances, existing systems often do not provide a comprehensive
approach and do not take into account the specific conditions of individual countries, such as
Kazakhstan. At the level of Kazakhstan, studies conducted by [16] revealed serious deficiencies in
the safety system at construction sites, indicating the need for stricter control measures. Also, the
work of [17] confirms the need to integrate new technologies, such as breathalyzers and worker
health monitoring systems. However, there are no developments that would combine face control,
alcohol testing, and monitoring of compliance with personal protective equipment (PPE). This
project aims to eliminate these shortcomings by developing an integrated system that uses
computer vision and artificial intelligence to automatically monitor compliance with safety
standards. The system is expected to improve the efficiency of monitoring the use of PPE and
reduce the number of accidents on construction sites by 30% during the first six months of
operation. Unlike existing analogues, our project offers a comprehensive approach that takes into
account the unique working conditions in Kazakhstan and is focused on injury prevention.

3) Scientific and technological needs, justifying the importance of the project results, include
the need to improve the level of occupational safety at construction sites, where the risk of injury
remains high (see Figure 1). Existing statistics indicate that in Kazakhstan and worldwide,
accidents at construction sites are one of the main causes of death and serious injury among
workers. This creates an urgent social demand for the introduction of innovative technologies
aimed at preventing these incidents.

Economic and industrial interest is also emphasized by the fact that the creation of effective
monitoring systems can reduce the costs of treating injuries and compensating victims, as well as
increase productivity by creating a safer working environment (Figure 1, photo was downloaded
from the internet). According to experts, the introduction of modern safety technologies can lead
to a decrease in insurance costs and an improvement in the overall efficiency of projects.

At the national level, the project is significant in the context of the implementation of the state
program on labor protection and improvement of working conditions. On an international scale,
the project results can be adapted for use in other countries with similar problems, which increases
its relevance and potential market.

The applicability of the research results goes beyond the narrowly specialized field and covers
such areas as economics, industry, and social relations. The development of an integrated
monitoring system for compliance with safety standards can serve as a basis for the formation of
new safety standards at construction sites, improving the overall state of the industry and
promoting the introduction of advanced technologies. Thus, the project not only meets current
requirements but also provides an opportunity to scale up the results at the level of both
Kazakhstan and the international community, which contributes to the further development of
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labor safety technologies.

Figure 1. A helmet saved a worker at a construction site

4) The project will have a significant impact on the level of research and development and
scientific and technical potential in the field of occupational safety, stimulating the development of
new technologies and methods, which in turn will increase the competitiveness of scientific
organizations and their teams. It is expected that the introduction of an integrated system for
monitoring compliance with safety standards will create opportunities for the publication of new
scientific papers that can be used for further research in this area, thereby contributing to the
formation of an expert community and strengthening the position of Kazakhstan in the
international arena. The social effect of the project results is a decrease in the number of accidents
at construction sites, which will directly improve working conditions and increase the safety of
workers. This will contribute to the formation of a safety culture, which is also important for
increasing employee satisfaction and reducing staff turnover. The economic effect can be
manifested in reduced costs for medical care, insurance, and compensation, as well as increased
productivity due to a safer working environment. To achieve the expected effect, conditions are
necessary, such as government support in the form of legislative initiatives aimed at strengthening
control over compliance with safety standards, as well as active cooperation with industrial
partners to test and implement the developed technologies in practice. Additionally, the creation
of educational programs and training for workers and safety managers on the use of new
technologies will also contribute to the achievement of the set goals and ensure the sustainable
development of the labor safety system in the country. This project focuses on integrating
computer vision and worker monitoring systems, including hard hats, goggles, and alcohol level
checks, to improve safety on construction sites. Unlike existing solutions, which often offer only
fragmented approaches to monitoring compliance with safety standards, our project will use
machine learning algorithms for real-time detection of unsafe actions, as well as checking for the
presence of personal protective equipment (PPE) and alcohol level monitoring. This will not only
improve compliance but also reduce the likelihood of accidents. The benefits of the project include
higher efficiency and response time compared to traditional methods, as well as the ability to
process large amounts of data, which confirms the need for funding. Today, most existing safety
technologies on construction sites are either static or require significant costs for implementation
and maintenance. The project proposes the development of lightweight and low-power equipment
based on NPU (Neural Processing Unit), which will not only reduce implementation costs but also
provide a higher degree of automation. Our product will focus on ease of use and accessibility for
small and medium-sized enterprises, including automated checks for helmets and goggles, as well
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as alcohol monitoring, which is a significant step forward compared to existing solutions. The
project differs from previous studies in its broader approach, which includes both monitoring
methods and the integrated use of computer vision technologies for helmet and goggle checks, as
well as alcohol monitoring, making it more relevant and targeted in the context of the current
market situation and social needs.

Main Project Hypotheses:

The flowchart shows three main project hypotheses related to the use of drones, neural
processors, and artificial intelligence (AI) to improve safety at construction sites. The top part
shows a drone monitoring a construction site, performing face control functions and checking
personal protective equipment (PPE), such as helmets and glasses. Next, the processing of drone
data using neural processors and Al is shown, which improves the accuracy and speed of detecting
violations, such as the absence of PPE or signs of alcohol intoxication. The bottom of the diagram
shows a 20-30% reduction in the number of accidents at the construction site due to the
implementation of this system, which leads to a safer working environment (Table 1 clearly
structures the hypotheses, providing a more visual and convenient perception of the key aspects
of the project and expected results).

Table 1. Construction site safety monitoring system

Hypothesis

Description

Expected result

Hypothesis 1

The integration of drones with the face control
and PPE monitoring system will increase the level of
safety at construction sites by automating processes.

Improving automation and
control over compliance with
safety regulations on
construction sites

Hypothesis 2

The use of neural processors and Al to analyze
data from drones will increase the speed and accuracy
of detecting violations (lack of PPE, alcohol
intoxication).

Fast and accurate detection
of violations on construction
sites.

Hypothesis 3

The implementation of a system with drones and
Al will reduce the number of accidents on construction
sites by 20-30% compared to traditional control
methods.

Reducing the number of
incidents and improving the
overall level of safety on
construction sites.

The rationale behind the research strategy and approach is to apply a multi-layered approach
to validate and optimize an integrated construction site safety system. This strategy includes
integrating various technologies such as drones, artificial intelligence (Al), and neural processors,
and testing them in real construction site conditions. A combination of descriptive, correlational,
and experimental studies will be used to evaluate the effectiveness of the proposed system,
allowing for a comprehensive analysis and improvement of the system’s functionality.

Descriptive studies include an analysis of existing construction site safety issues, which helps
identify key risks and threats to workers.

This stage collects data on typical violations and accidents, which allows for the creation of a
comprehensive information base for further analysis. In addition, the state of the technologies used
in face control and personal protective equipment (PPE) monitoring systems is assessed, which
helps to understand their effectiveness and identify areas for improvement.

The correlation studies will examine the relationship between the use of drones for monitoring
and the level of safety on construction sites, which will help to determine how the implementation
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of this technology affects overall safety indicators. In addition, the impact of alcohol monitoring on
production performance and accident reduction will be assessed, which will help to identify the
importance of monitoring the condition of workers in the context of improving safety and
efficiency on construction sites.
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Figure 2. Scheme of data exchange buffer from the construction site to the control point

The pilot studies will include conducting field experiments with the integrated system at
various construction sites to evaluate the effectiveness of drones and artificial intelligence (Al)
algorithms compared to traditional monitoring methods.

The research will be carried out in several stages: the first stage - descriptive studies aimed at
analyzing existing monitoring systems and collecting data on safety violations, which will form the
basis for further research; the second stage - the development and integration of technologies,
including the implementation of drones and the integration of Al and neural processing units
(NPU) for the personal protective equipment (PPE) monitoring and inspection system;

The third stage will involve correlation studies that will focus on examining the data collected
from drones and their correlation with safety indicators; the fourth stage will involve experimental
studies that will involve field testing of the system and adjustment of algorithms; and the fifth stage
will involve evaluation and conclusions that will include analysis of the collected data, testing of
hypotheses, and evaluation of the effectiveness of the system in reducing the number of incidents
at construction sites.

2) A brief description of the most important experiments includes the following key steps:

- Field monitoring experiment: Conduct field experiments at various construction sites using
drones to monitor compliance with safety regulations and the availability of personal protective
equipment (PPE). Evaluating their effectiveness in real-world conditions will help identify the
main drawbacks and advantages of the system. - Benchmarking of inspection methods: Evaluate
the performance of drones and artificial intelligence (AI) algorithms compared to traditional
inspection methods such as visual inspections. This study will determine to what extent the

206 Ne3(152)/2025 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.
TexXHUKAIbIK FblAbIMOAp HCaHE MEXHOA02UsLIAD CepUsiChl
ISSN: 2616-7263. eISSN: 2663-1261



Enhancing Construction Site Safety Using Computer Vision and Drones

implementation of new technologies improves the accuracy and speed of violation detection
(Figure 2).

Figure 3. Example of a worker and manager at a construction site: a) Front view; b) rear view
with QR code

- Alcohol monitoring: Conduct an experiment to test workers for alcohol using an automated
system controlled by drones. Evaluate the impact of this monitoring on reducing accidents and
increasing productivity on construction sites.

- Data correlation: Collect and analyze data obtained from the use of drones to identify the
relationship between the use of the technology and changes in safety levels and the number of
incidents. This will help confirm or refute hypotheses about the impact of technology on safety.

- Feedback and algorithm adjustment: Analyzing the collected data to adjust the algorithms of
drones and Al, which will ensure their adaptation to the specific conditions of construction sites
and increase the overall efficiency of the system.

3) The project uses several research methods; each aimed at achieving the set goals and
objectives. Descriptive studies help to identify existing safety issues at construction sites, collect
data on typical violations, and assess the current state of control technologies, which creates a
basis for further decisions. Correlation studies allow us to establish the relationship between the
use of drones and the level of safety, as well as the impact of alcohol monitoring on production
indicators. Experimental studies, including field testing of new technologies, evaluate their
effectiveness and help test hypotheses about reducing accidents. Finally, systematic analysis of the
collected data helps to adjust the methods and algorithms, ensuring continuous improvement and
optimization of the system. All these methods are interconnected and form a holistic approach to
improving safety at construction sites through the integration of modern technologies. In order to
improve the level of industrial safety and minimize the human factor, it is proposed to introduce a
system of personalized QR codes for all employees of the construction site. Each employee will be
given a unique QR code, which contains information about their current admission to perform
certain types of work on a specific day. For example, by scanning a QR code, it will be possible to
determine whether a given employee is allowed to perform (see Figure 3):

e excavation work;
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e work at height;

» work with electrical equipment;

» welding or fireworks;

» work in confined spaces, etc.

The information will be synchronized with the production control system and updated
depending on the daily medical examination, safety briefings, weather conditions and other
factors. This approach will ensure precise control over the distribution of responsibilities,
eliminate cases of unauthorized access to hazardous areas and improve the overall safety culture
at the facility.

Conclusion

The methods for collecting primary (initial) information in the project will include several key
approaches aimed at solving problems and ensuring the reliability and reproducibility of data.
Observation and monitoring: Using drones to monitor construction sites will allow the collection
of data on compliance with safety regulations, the availability of personal protective equipment
(PPE), and the identification of violations in real time. The data will be collected in real-life
conditions, which will ensure their relevance and applicability. Questionnaires and surveys:
Conducting surveys among workers and managers of construction sites will provide information
on the perception of existing safety measures, their shortcomings, and wishes for improvement.
This will help collect high-quality data based on user opinions.

Analysis of documentary sources: Collecting and analyzing existing accident reports,
inspection protocols, and safety standards at construction sites will create a database for further
analysis and comparison with the results obtained. Field experiments: Implementation of field
experiments with the introduction of new technologies and methods will allow us to evaluate their
effectiveness in real conditions. The data collected during the experiments will serve as the basis
for testing hypotheses. Data processing methods include statistical analysis, which will reveal
patterns and relationships, as well as the use of machine learning algorithms to analyze large
volumes of data collected from drones.

Ensuring the reliability and reproducibility of the data will be achieved through the use of
standardized methods for collecting and processing information, as well as checking the results
through repeated measurements and data verification using independent sources. This will ensure
the reliability and accuracy of the conclusions made during the study. The introduction of a QR
code system to determine employee access to specific types of work is an effective tool for
improving safety at a construction site.

Such a system allows for daily operational control, reduces the risk of accidents, eliminates the
participation of untrained or uncertified workers in hazardous work, and improves discipline and
transparency in the distribution of tasks. In the future, this solution may become an integral part
of the digital ecosystem for occupational safety management at large production and construction
sites.
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3Kopkbim Ama ambiHdarsl Kbi3vliopda yHusepcumemi, Kvi3bl1opda, Kazakcmat
4«Construction management system» XKIIIC, Acmana, KazakcmaH
5CuaHb 1J3s50moHe -/lusepnyab ynusepcumemi, Cyuscoy, Keimaii

KypbLibIc caslacbiHJa eH0eK KayilcCi3iriH KoMnblTepJIiK Kepy KoHe APOoHAap
ApKbLIbl apTTHIPY

AnpaTna. /lysiblFa )koHe Ke3i/1/1ipiK CUSKTHhI )KeKe KopFaHy KypasaapbiH (KKK) naiijananyra
OeJiriJIeHreH TaJlanTapFa KapaMacTaH, KYPbLIbIC aJlaHAapblHAA 6aKbLIayAblH A3CTYpJi aaicTepi
Kayillci3/lik HopMaJlapblH THICTi leHrelae caKkTay/lbl KaMTaMachi3 eTHel i, 6yJ1 )kapakaT a1y blH
ecyiHe oakeJsiefii. JKob6aHbIH, MaKcaTbl — KOMIIbIOTEPJIIK KOpy TEXHOJIOTUsJIapblH, MallWHAJBbIK,
OKBbITY/lbl 3K9He APOHAApJbl NaijajiaHa OTbIPbIN, TYJFAaHbl OAKbLIAYAblH WHTerpalysaaaHFaH
xyHeciH, KKK 6ap-KofbIH k9He aJIKOroJib JleHreiliH 6akbliaay/Jbl aBTOMATThl TypJie TeKCepy.
Kyiie 6eT-anneTTi TaHyAbI )Ky3€ere acblpajibl, AyJblFa MeH KO3UIAIpIKTiH 00JyblH OaKblIaNabI,
COH/ZIal-aK, *KYMBbICLIbLJIAP/bIH Y3/iKCi3 MOHUTOPUHIIH KAMTAaMachI3 eTe OThIPbII, KayinTi MiHe3-
KYyJIbIK [€eH aJIKOTOJIbAiK Mac 6oJy OesrijiepiH aHbIKTaigbl. Bysn Kayimcisgik JeHreiin
alTapJibIKTal aKCcapTy¥Fa, )ka3aTalblM OKUFaIap/AblH CaHbIH a3alTyFa XoHe eHOeK eHIMAIIriH
apTThIpyFa MYMKIiH/iK 6epe/ii ien KyTiiy/e. 93ipJey KypbLIbICTaH 6acTal Tay-KeH 6HepKaCibiHe,
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MYHaW-rasfa JieiiH apTypJi casasapfa 6eiiMmeneTid 60J1aabl. 2KobaHbIH xKOFapbl NPAKTUKAJBIK,
YKOHE 9JIeyMeTTiK-9KOHOMUKaJIbIK MaHbI3bl 6ap, Ka3aKkcTaHHbIH FbIJIBIMU-TEXHUKAJIBIK dJIeyeTiH
JaMbITyFa, IT )KoHe aBTOMaTTaH/bIPY CaJIACBIH/AA KaHa »KYMbIC OPbIHAAPBIH KYpPYyFa, COHJAN-AK,
FBIJIBIM MEH 6H/IipiCTiH 63apa 9peKeTTeCyiH HbIFAaUTyFa bIKIAJ €Tesl.

Ty#iH ce3gep: apoH, KU, ankoronb TecTi, QR koapl, KKK,

A. P. Omapos*1, A.XK. ’Kycyn6ekon?, 0./l. bu6asaegn?, [I. M. MuxauioB3,
I'. K. Tanbip6eprenoBa*, Aukut Kapr>

1Espa3sulickull HAYUOHa/bHbIU yHU8epcumem umenu JI.H. ['ymunesa
?KapazanduHckull yHusepcumem um. akademuka E.A.Bykemosa
3Kbi3bl10pduHckull yHugepcumem umeHu Kopkbim Ama
4T0OO0 «Construction management system»
5Xi'an Jiaotong-Liverpool University, Suzhou, China.

IloBBINIEHHE 6E30MACHOCTHU TPpyAad B CTPOUTE/JILCTBE C IOMOILIbI0O KOMIIBIOTEPHOIO
3pE€HUuA U APpOHOB

AHHOTanma. HecMOTpsi Ha yCTaHOBJIEHHble TpPeOOBAaHUs IO MCIOJIb30BAaHUIO CPECTB
UHAUBUyaJbHOH 3amuThl (CU3), TakKMX KaK KaCKH U OYKH, TPAJUIMOHHbIE METO/[bl KOHTPOJIS
Ha CTPOUTEJIbHBIX ILJIOIaZIKax He 06ecneyuBalT [AOJ/HKHOTO YPOBHS COOJIIOJEHUS HOPM
06e30MacHOCTH, YTO NPHUBOJAUT K POCTYy TpaBMaTudma. llesb mnpoekTa — pa3paboTKa
MHTErPUPOBAHHOM cHUCTeMbl ¢elc-KOHTpOJIs, aBTOMAaTU4YeCKON mnpoBepku Hanuyusa CHU3 u
MOHUTOPUHIA YyPOBHS aJIKOTOJI1 C NpPUMEHEHUEM TEeXHOJIOTHUH KOMIbIOTEPHOTO 3peHHs,
MaLIMHHOI0 06y4yeHUs U poHOB. CHcTeMa GyAeT OCYLeCTBASATh pacio3HaBaHUeE JUL, KOHTPOJIb
HaJIMYMs KacoOK M OYKOB, a TaKXe BbIsBJIeHHEe He06e30MacHOro MOBeJeHUs U NPHU3HAKOB
aJIKOT'0JIbHOTO OIbsSIHEHUs, 00ecneyrnBasi HeNpepbIBHbIA MOHUTOPUHT Pab0THUKOB. OxKujaeTcs,
YTO 3TO MO3BOJIMT CYLECTBEHHO MNOBBICUTb YpPOBEHb 0€30MAaCHOCTH, CHU3UTH KOJUYECTBO
HeCYaCTHBIX C/Iy4aeB U MOBBICUTb MPOU3BOAUTENBHOCTDb TPya. PazpaboTka 6yaeT afjlantupyema
JUISl PasJIMYHbIX OTpacjierd — OT CTPOUTEJbCTBA A0 TOPHOAOOBbIBAIOLEW W HedTerasoBou
IPOMBILLJIEHHOCTU. [IpOeKT HMeeT BBICOKYI MPAKTUYECKYI0 U COLMaJbHO-3KOHOMHYECKYIO
3HAYUMOCTb, CIOCOOCTBYEeT Ppa3BUTHUI0 HAy4yHO-TeXHHYeCKOro mnoTeHiuana KasaxcraHa,
CO3/IaHHUI0 HOBBIX pabounx MecT B cdepe IT u aBTOMaTHU3aLMH, a TaKXKe YKpPEINJIEHHUIO
B3aMMO/IENCTBUS MeX/1y HAYKOW U MPOU3BOJCTBOM.

KioueBble cioBa: poH, MU, ankoTtectep, QR kox, CU3.
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