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ABSTRACT

This project report presents the design and construction of an underground communication
system for the Tiira mining area, with a focus on addressing the critical issues of safety and
productivity among small-scale and artisanal miners. The existing communication methods,
such as walkie-talkies, are expensive to acquire and maintain, leading miners to rely on
outdated and inefficient bells and pipes, resulting in accidents and reduced production. The
primary objective of this study is to design and construct an affordable and efficient
underground communication system. The specific objectives of the study include designing
the underground signaling system, assembling the system components, testing its efficiency,
and conducting a financial analysis. The developed system utilizes a 7.4V power source
consisting of two rechargeable lithium AA size cells with a capacity of 2600mAh each. It is
controlled by an Arduino Uno microcontroller and incorporates 6 LEDs, a 4-ohm speaker,
and a 16x2 LCD display. The system also features nine push buttons with pull-down resistors
of 10k Ohms. The system's performance, based on testing, was found to be 73%, a significant
improvement over the existing communication method, which operates at 45%. The financial
analysis indicates that the system is profitable, with a Payback Period of 0.5 years and a
Profitability Index (PI) of 2.14.

Implementing this improved communication system is expected to lead to increased
production, enhanced safety, and reduced accidents. Furthermore, it aligns with the
sustainable development goals, NDP III objectives, VISION 2040, and the NRM manifesto,
supporting economic growth, modern technology-driven mining, job creation, and poverty
eradication. In conclusion, the design and construction of this underground communication
system offer a promising solution to the challenges faced by Tiira small-scale miners. It not
only enhances communication but also contributes to the overall well-being and economic
development of the region. For future research, it is recommended to develop a multi-
functional system that can handle communication, production monitoring, and personnel
tracking during emergencies, further improving safety and productivity in underground
mining operations.
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CHAPTER ONE INTRODUCTION

1.1 Background

Communication is crucial for safety, efficiency, and coordination in mining operations,
enhancing worker well-being and optimal resource extraction. However, underground
communication poses many challenges due to the harsh and complex environment of mines.
Therefore, various communication systems have been developed to meet the specific needs
and requirements of underground mining Yarkan et al. 2009.

The communication systems can be broadly classified into three categories: wired, wireless,
and fiber optics. Each category has its own advantages and disadvantages, as well as
examples of devices that use them.

Wired systems use cables to transmit signals between devices. They are reliable, secure, and
can support high bandwidth and data rates. However, they also have drawbacks such as
limited mobility, high installation and maintenance costs, susceptibility to damage and
interference, and difficulty in extending or modifying the network. Some examples of wired
devices are intercoms, telephones, leaky feeder cables, and power line communication
devices(CDC - Mining - Basic Wireless Communication and Electronic Tracking Tutorial -
NIOSH, 2016).

Wireless systems use radio waves or electromagnetic fields to transmit signals between
devices. They offer mobility, flexibility, scalability, and low installation costs. However, they
also face challenges such as interference, attenuation, multipath fading, limited signal range
and bandwidth, security risks, and regulatory constraints. Some examples of wireless devices
are Wi-Fi routers, RFID tags, Bluetooth devices, wireless sensor networks, and wireless mesh
networks(Techniques, 2017).

Fiber optic systems use optical fibres to transmit signals between devices. They have many
advantages such as high bandwidth and data rate, immunity to interference and noise, low
attenuation and power consumption, security and privacy protection, and long transmission
distance.

However, they also have disadvantages such as installation complexity and cost, vulnerability
to physical damage and environmental factors, need for specialized equipment and skills, and
difficulty in integrating with other systems. Some examples of fibre optic devices are fibre
optic cables, transceivers, switches, routers, and repeaters(Yarkan et al. 2009.

The three categories of communication systems can be compared and contrasted based on
various criteria such as performance, cost, reliability, security, scalability, flexibility, and
compatibility. Depending on the specific application and context of underground mining,
different communication systems may be more suitable or preferable than others. Therefore,
it is important to evaluate the trade-offs and benefits of each system before selecting the most
appropriate one for the project(Domer, Gajski and Zhu, 2019).

Mining is one of the most important sectors in Uganda’s economy, contributing to about 30%
of its exports. However, mine communication faces many challenges due to limited
infrastructure and resources. Many mines rely on basic walkie-talkies or mobile phones for
communication, which are prone to interference, noise, and low battery life. These devices
also have a limited range and coverage, making it difficult to communicate with workers in
remote or underground locations(SAFERWORLD, 2017).
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