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ABSTRACT

This project seeks to design and construct an automated temperature and humidity monitoring 

and control system for an underground tunnel.  The system addresses the major gaps that have 

been existing in maintaining underground mines’ health working conditions. This is achieved 

through keeping track of the mine temperature and humidity levels and controlling their 

concentrations by varying the air flow rate automatically signaling for the case of worst 

conditions in this system. More so, this system measures and continuously displays the 

temperature and humidity values in the mine to personnel on a liquid crystal display (LCD). The 

first chapter comprises the introduction, which clearly shows the problem statement, the 

objectives of the study, the background, and scope of the study. The second chapter comprises 

the literature review which elaboratively shows how different companies have handled the 

problem of high ambient air temperature and humidity in tunnels around the world. The third 

chapter is comprised of the methodology that this study applied. It elaborates on how the data 

collection will be done, how the data collected will be analyzed, and how they analyze the data 

will be utilized to design for the automated temperature and humidity monitoring and control 

system. The fourth chapter includes the results and discussions of every specific objective. 

Chapter five involves the conclusion, challenges, and recommendations. Chapter six 

bibliography, which is a list of references that were relied on for an elaborative literature review 

and appendices.
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CHAPTER ONE

1 INTRODUCTION
This chapter is comprised of the background of the study, the problem statement, justification, 

objectives of the study, the scope of this study which includes conceptual scope, geographical 

scope and the time scope, the significance of the study and finally the conceptual diagram.

1.1 Background
Historically, mining mainly focused on prospecting, exploring and exploiting surface and 

shallow mineral deposits, which have become hard to find, exhausted and/or are undesirable for 

extraction due to limited geological confidence, socio-environmental concerns, geotechnical 

issues, and/or economic feasibility challenges. The mining industry is continuously challenged 

by resource exhaustion and environmental concerns, while adapting to fulfill the supply of raw 

materials within the intricate supply and demand, and socio-environmental system (Prno & Scott 

Slocombe, 2012). CDC, (2020) states it that people go outdoors for plenty of reasons, including 

work, and mining inclusive. As the shallow mineral resources on Earth’s surface have been 

depleted, several countries worldwide are now successively mining deep resources (Ghorbani et 

al., 2023). Underground tunnels are used for a variety of purposes such as transportation, mining 

and storage facilities. Maintaining optimal temperature and humidity levels is crucial to ensure 

the safety of workers and proper functioning of equipment within these tunnels. However, 

monitoring and controlling temperature and humidity levels manually can be difficult, time 

consuming, and sometimes impossible due to the complex nature of the environments (T & 

Yeoman, 2021). 

Physical stress of any kind may be thermal, noise, vibrations, objective lighting, improper 

barometric pressure, ionizing radiation, etc. has a considerable effect on human performance 

(Maurya et al., 2015). Heat stress is also among such causes which reduces one's efficiency to do 

work (T & Yeoman, 2021). Heat stress is the sum of all the internal and external heat factors 

which cause the body to become fatigued and distressed. Internal factors that determine the level 

of heat stress on the body include core body temperature, acclimatization, natural heat tolerance 

and metabolic heat generated by the workload. External factors include ambient air temperature, 

radiant heat, air velocity and humidity. This is a very serious issue not only for mining fraternity 
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  }

  if(h<45){

    digitalWrite(RELAY_PIN, HIGH);

    digitalWrite (LED_PIN_RED, LOW);

    digitalWrite (LED_PIN_GREEN, LOW);

    digitalWrite (LED_PIN_YELLOW, HIGH);

  }else{

    digitalWrite (LED_PIN_RED, LOW);

    digitalWrite (LED_PIN_GREEN, LOW);

    digitalWrite (LED_PIN_YELLOW, LOW);

  }

}

6.2 REFERENCES

CDC. (2020). The National Institute for Occupational Safety and Health ( NIOSH ) Mining Feature : 

Knowing the Facts about Heat Stress in Mining. 2020.

Dam, O. (2005). Oly a, G. T., Zhang, S. E., Bourdeau, J. E., Cánovas, M., Arzua, J., & Nikadat, N. (2023). 

Moving towards deep underground mineral resources: Drivers, challenges and potential solutions. 

Resources Policy, 80(January), 1–44. https://doi.org/10.1016/j.resourpol.2022.103222

He, G. (2019). Ventilation and Humidity Control in Underground Utility Tunnel: an Under-Studied Topic. 

Advancements in Civil Engineering & Technology, 3(3), 311–313. 

https://doi.org/10.31031/acet.2019.03.000562

Kim, Y., Wellum, G., Mello, K., Strawhecker, K. E., Thoms, R., Giaya, A., & Wyslouzil, B. E. (2016). Effects 

of relative humidity and particle and surface properties on particle resuspension rates. Aerosol 

Science and Technology, 50(4), 339–352. https://doi.org/10.1080/02786826.2016.1152350

Leffers, J. M. (2013). Environmental health and safety. Community and Public Health Nursing: Promoting 

the Public’s Health, 285–314. https://doi.org/10.4324/9780080517902-38



49

Maurya, T., Karena, K., Vardhan, H., Aruna, M., & Raj, M. G. (2015). Effect of Heat on Underground Mine 

Workers. Procedia Earth and Planetary Science, 11, 491–498. 

https://doi.org/10.1016/j.proeps.2015.06.049

Muduli, L., Mishra, D. P., Jana, P. K., & Applications, C. (2018). Accepted Manuscript. 

https://doi.org/10.1016/j.jnca.2017.12.022.This

Prno, J., & Scott Slocombe, D. (2012). Exploring the origins of “social license to operate” in the mining 

sector: Perspectives from governance and sustainability theories. Resources Policy, 37(3), 346–357. 

https://doi.org/10.1016/j.resourpol.2012.04.002

Sankar, S., Ramasubbareddy, S., Dhanaraj, R. K., Balusamy, B., Gupta, P., Ibrahim, W., & Verma, R. 

(2023). Cluster Head Selection for the Internet of Things Using a Sandpiper Optimization Algorithm 

(SOA). Journal of Sensors, 2023, 3507600. https://doi.org/10.1155/2023/3507600

Science, B., & Health, T. (n.d.). Automation – definition and meaning. 1–11.

Stmariagoretti. (2021). Factors that have favoured mining in East Africa Importance of mining 

Environmental problems due to mining Major minerals in East Africa , mining method used and 

products from the minerals.

T, V., & Yeoman, K. (2021). The National Institute for Occupational Safety and Health ( NIOSH ) Mining 

Product : Heat Stress : A Series of Fact Sheets for Promoting Safe Work in Hot Mining Settings. 2.

Tao, F., & Bobet, A. (2016). Effect of temperature on deep lined circular tunnels in transversely 

anisotropic elastic rock. Underground Space (China), 1(2), 79–93. 

https://doi.org/10.1016/j.undsp.2016.11.001

Trade, G., Here, S., & Policy, C. P. (2019). Use Arduino for Projects Humidity And Temperature monitoring 

Using Arduino With The IoT. 1–7.

van Staden, H. J., van Rensburg, J. F., & Groenewald, H. J. (2020). Optimal use of mobile cooling units in a 

deep-level gold mine. International Journal of Mining Science and Technology, 30(4), 547–553. 

https://doi.org/10.1016/j.ijmst.2020.03.004

Wellem, T., & Setiawan, B. (2012). A Microcontroller-based Room Temperature Monitoring System. 



50

International Journal of Computer Applications, 53(1), 7–10. https://doi.org/10.5120/8383-1984

Zhu, S., Wu, S., Cheng, J., Li, S., & Li, M. (2015). An underground air-route temperature prediction model 

for ultra-deep coal mines. Minerals, 5(3), 527–545. https://doi.org/10.3390/min5030508

v


	1.pdf
	2.pdf

