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ABSTRACT

Occupational accidents and diseases pose serious health and safety risks, particularly for individuals
working in high-risk sectors such as underground mining, construction, and heavy industry. To reduce
and prevent these risks, an effective Occupational Health and Safety (OHS) system is essential.
However, existing systems are often too costly, complex to install, and lack flexibility, making them
difficult to implement widely in small and medium-sized enterprises. In this context, the proposed
study introduces a low-cost, portable, modular OHS monitoring system based on the principles of
electronics engineering and built upon a Wireless Sensor Network (WSN) architecture. The system is
designed to detect three critical elements: a Hall Effect sensor and pressure sensors to detect whether
the worker is wearing a safety helmet; piezoelectric sensors and load cells integrated into the foot area
to detect the use of safety boots; and a triaxial MEMS accelerometer to monitor the worker’s mobility.
Analog and digital data collected from these sensors are processed by a low-power, high-performance
microcontroller (such as STM32 or Arduino Nano 33 IoT) and wirelessly transmitted to a central
control unit using Wi-Fi modules. In the control unit, embedded system software analyzes the data in
real time and presents it to the employer or OHS specialist through a user-friendly interface.
Additionally, to enhance energy efficiency, the sensors operate on an event-driven basis—transmitting
data only when specific conditions occur—thereby extending battery life. The system achieves over
95% accuracy in helmet and boot detection, while its motion tracking capabilities provide effective
results for real-time work monitoring. Compared to traditional systems, this structure offers a cost-
effective and sustainable engineering alternative. As the system is designed as an open-source
platform in both hardware and software, it can be easily adapted to different sectors and applications.
It can also be expanded with additional sensor modules—such as gas detectors (e.g., MQ-135),
temperature-humidity sensors (DHT22), and volatile organic compound (VOC) monitors. Future work

aims to enhance the system with cloud-based data analytics, risk scoring via machine learning
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algorithms, and the integration of emergency alert mechanisms. In conclusion, this study demonstrates
that a low-cost, flexible, and highly applicable OHS monitoring system can be developed through
electronics engineering-based approaches, thereby offering a significant contribution to the

digitalization of occupational safety practices.
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ELEKTRONIK MUHENDISLIGi TABANLI DUSUK MALIYETLi VE TASINABILIR i$
SAGLIGI VE GUVENLIGI iZLEME SISTEMININ TASARIMI

OZET

Is kazalar1 ve meslek hastaliklari, dzellikle yer alt1 madenciligi, insaat ve agir sanayi gibi yiiksek riskli
sektorlerde c¢alisan bireyler i¢in ciddi saglik ve gilivenlik tehditleri olusturmaktadir. Bu risklerin
azaltilabilmesi ve onlenebilmesi igin etkin bir is sagligi ve giivenligi (ISG) sistemine ihtiyac
duyulmaktadir; ancak mevcut sistemler ¢ogu zaman yiiksek maliyetli olmalari, karmasik kurulumlari
ve esnek olmayan yapilart nedeniyle kiigiik ve orta dlgekli igletmelerde yeterince yaygin olarak
kullanilamamaktadir. Bu baglamda onerilen c¢alismada, elektronik miihendisligi disiplininden
yararlanilarak diisiik maliyetli, taginabilir, modiiler yapiya sahip ve kablosuz sensor agi (Wireless
Sensor Network - WSN) tabanli bir ISG izleme sistemi gelistirilmistir. Sistem, temel olarak {i¢ kritik
unsuru algilayacak sekilde yapilandirilmistir: ¢alisanin baret takip takmadigini algilayan Hall Effect
sensoril ve basing sensorleri; giivenlik botunun giyilip giyilmedigini tespit eden ayak bolgesine entegre
piezoelektrik sensorlerle yiik hiicreleri ve ¢alisanin hareketliligini izleyen {i¢ eksenli MEMS
ivmeoblgerler (accelerometer). Bu sensdrlerden alinan analog ve dijital veriler, disiik gii¢ tiiketimli ve
yiiksek performansli bir mikrodenetleyici (6rnegin STM32 veya Arduino Nano 33 IoT) tarafindan
islenmekte ve Wi-Fi modiilleri kullanilarak merkezi kontrol birimine kablosuz olarak iletilmektedir.
Kontrol biriminde ise veriler, gdmiilii sistem yazilimi ile gercek zamanl olarak analiz edilmekte ve
isveren veya ISG uzmanma kullanic1 dostu bir arayiiz araciligiyla sunulmaktadir. Ayrica, sistemde
enerji verimliligi saglamak adina sensorler olay temelli calismakta, yani yalnizca belirli durumlar
gerceklestiginde veri iletimi gerceklestirerek pil omrii uzatilmaktadir. Sistemin baret ve giivenlik botu
tespiti %95'in lizerinde, hareket algilama ise ger¢ek zamanl is takibi agisindan basarili sonuglar
verebilmektedir. Bu yapi, geleneksel sistemlere kiyasla hem ekonomik hem de miihendislik agisindan
stirdiiriilebilir bir alternatif sunmaktadir. Sistem, hem donanim hem de yazilim agisindan agik kaynakli
olarak tasarlandig1 i¢in farkli sektorlere ve uygulamalara kolayca uyarlanabilmekte, gerektiginde gaz
algilayicilart (MQ-135), sicaklik-nem sensdrleri (DHT22) ve ortamdaki ugucu organik bilesenleri
(VOQ) izleyebilecek ilave sensor modiilleriyle gelistirilebilmektedir. Gelecek ¢aligmalarda, bu
sistemin bulut tabanli veri analitigi ile desteklenmesi, makine Ogrenmesi algoritmalariyla risk

puanlamalarinin yapilmasi ve acil durum senaryolari ig¢in uyari sistemlerinin entegre edilmesi
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hedeflenmektedir. Sonug olarak, bu ¢aligma elektronik miihendisligi temelli yaklasimlarla, sahada
uygulanabilirligi yiiksek, diisiik maliyetli ve esnek bir ISG izleme sisteminin gelistirilebilecegini

ortaya koymakta ve is giivenligi alaninda dijitallesmeye yonelik 6nemli bir katki sunmaktadir.

Anahtar Kelimeler: Is Sagligi ve Giivenligi, Elektronik Miihendisligi, Kablosuz Sensér Agi,
Mikrodenetleyici, KKD.
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