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Abstract

The design and development of a mobile application system
especially suited for mining industry maintenance
management. The system was created to solve typical issues
in mining operations, like equipment failures, ineffective
maintenance plans, and poor communication between
operators and maintenance crews.

This app is designed to streamline the assignment of
maintenance tasks within mining operations, enhancing
efficiency and communication.

Administrators can easily allocate jobs to employees based
on skill sets, availability, and location, ensuring optimal
resource utilization. The app features real-time notifications,
progress tracking, and comprehensive reporting tools to
monitor job status and employee performance. By
integrating these functionalities, the application aims to
minimize downtime, improve safety standards, and increase
overall productivity in the mining sector. Chatti, M. A., &
Ziegler, J. (2017) [

The proposed mining maintenance mobile application
revolutionizes the traditional maintenance management

Keywords: Mobile Application, Equipment, Zambia

system by enabling seamless job allocation and tracking for
administrative staff.

Features including digital work orders, fault diagnostics,
predictive and preventative maintenance alerts, and real-
time monitoring are all integrated into the mobile
application. Through intuitive user interfaces, it facilitates
the easy tracking and administration of mobile machinery
and equipment while offering extensive information on
equipment performance, maintenance history, and
downtime. To accommodate distant mining locations with
spotty internet, the application also offers offline
functionality. Elsayed, T., & Ramadan, H. (2020) 1

The application's efficacy in improving asset reliability and
streamlining maintenance work scheduling has been
confirmed through case studies and field testing. The study
ends by providing insights into the application's potential
future developments, such as machine learning-based
improvements for predictive maintenance and more features
for extensive mining operations. Bello, O., Zeadally, S., &
Badra, M. (2017) B

Introduction

For continuous production and safety, the mining sector is highly dependent on the effective operation of machinery and
equipment. However, because of the difficult working conditions, high usage, and remote locations of many mining operations,
maintaining the operational health of this equipment is a considerable task. Equipment failure-related downtime can lead to
significant financial losses and delays in operations.

A viable answer to these problems is the use of contemporary technology in the form of a mobile application system for
maintenance management. By providing real-time monitoring, predictive maintenance, and simplified communication between
maintenance teams and equipment operators, mobile applications have the potential to completely transform the scheduling,
tracking, and execution of maintenance operations. These solutions have the potential to greatly lower unscheduled downtime,
increase equipment dependability, and streamline maintenance procedures, all of which can boost mining operations'
productivity and cut costs. Cai, G., & Lai, C. (2020) 1. Smart mining and maintenance of equipment: A review. Journal of
Mining and Mechanical Engineering, 40(1), 7-17.
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Background

The Zambian economy mostly depends on copper. This
implies that the mining industry is the one priority industry
of the country. Because it makes a substantial contribution
to the supply of raw commodities including metals,
minerals, and energy supplies, the mining sector is vital to
the growth of the world economy. However, mining
activities are frequently carried out in hostile environments,
high pressure settings, and distant locales. Maintaining the
machinery and equipment required for continuous and
secure manufacturing is made extremely difficult by this.
Asadi, E., & Habibi, S. (2021) Bl Condition-based
monitoring and pred ictive maintenance in mining industry.
International Journal of Mining Science and Technology,
31(5), 786-797.

One of the most important parts of mining operations is
maintenance since equipment failure can result in
operational downtime, which has a direct effect on
profitability and productivity. The conventional method of
maintenance, which is frequently predicated on planned
preventive or reactive maintenance, is growing less and less
effective. Costly downtime is frequently the result of
reactive maintenance, which fixes equipment after it breaks.
Even while it helps reduce some unplanned failures,
preventive maintenance can nevertheless result in wasteful
resource consumption because it involves needless
maintenance on equipment that is already operating

properly.

Problem Statement

In the mining sector, where production output, cost control,
and worker safety are all directly impacted by the operating
effectiveness and safety of heavy gear, -effective
maintenance management is essential. Frequent equipment
failures, unplanned downtime, and higher maintenance costs
can result from the harsh conditions under which mining
equipment operates, frequently in isolated and difficult
areas. The needs of contemporary mining operations cannot
be met by traditional maintenance methods, which are
mostly reactive or time-based.

Many mining businesses currently handle their maintenance
responsibilities using antiquated software systems or manual
techniques. These ineffective and human error-prone
techniques lead to neglected maintenance plans, postponed
repairs, and insufficient equipment health monitoring.
Furthermore, poor communication between equipment
operators and maintenance teams frequently results in
improper work order management and delayed reactions to
equipment breakdowns. These challenges are made worse
by the absence of real-time monitoring and data analytics,
since possible equipment concerns are sometimes only
discovered after a breakdown occurs, resulting in costly
repairs and prolonged downtime. Gonzalez, M., & Lopez, R.
(2018) [*3

A mobile application solution that enables predictive
maintenance, real-time  monitoring, and efficient
communication between maintenance staff, equipment
operators, and management is desperately needed to address
these issues. To guarantee constant access to vital
maintenance data, wherever one may be, this system should
have user-friendly interfaces, function both online and
offline, and link easily with 10T sensors and cloud-based
data storage.
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Alsayed, Z., & Barakat, S. (2019) 4. Mobile application
development methodologies and frameworks. International
Journal of Computer Science and Mobile Computing, 8(12),
15-24

Objectives

This study's major goal is to create a mobile application
system that uses effective communication tools, real-time
monitoring, and predictive analytics to enhance maintenance
operations in the mining sector. The application aims to
improve overall operational efficiency of mining operations,
minimize equipment downtime, and streamline maintenance
procedures.

General Objective

In order to decrease equipment downtime, increase
operational efficiency, and lower maintenance costs, the
overall goal of this study is to design and develop a mobile
maintenance management system for the mining sector that
enables predictive maintenance, real-time equipment
monitoring, and simplified communication.

Specific Objection

To analyze the current challenges in maintenance
management within the mining industry: Investigate the
limitations of existing maintenance systems and identify key
areas that require improvement, such as equipment
downtime, manual processes, and communication gaps.

To design and develop a mobile application system for real-
time monitoring and predictive maintenance:

Create an integrated system that collects real-time data from
mining equipment through 10T sensors and generates
predictive maintenance alerts to anticipate potential failures.
To implement an offline functionality for remote mining
operations: Ensure the mobile application can function in
areas with limited or no internet connectivity by allowing
maintenance teams to log tasks and access essential data
offline, with automatic synchronization when connectivity is
restored.

Scope of the Project

The design and implementation of a mobile application
system for overseeing maintenance activities in the mining
sector is the major objective of this project. The system's
goals are to increase overall operating efficiency, decrease
equipment downtime, and simplify maintenance procedures.
The study's scope covers a number of important issues,
which are explained below:

Architecture and Design of Systems

The technical architecture and conceptual design of the mine
maintenance mobile application system will be covered in
the study. This entails outlining the essential features and
capabilities, like digital work order management, predictive
maintenance alerts, and real-time equipment monitoring.
Modern technologies like cloud computing for data storage
and accessibility and the Internet of Things (loT) for real-
time data collection will be incorporated into the system's
design

Development of Core Features: The research will
concentrate on creating specific functionalities that address
the particular maintenance challenges faced by the mining
industry.
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These core features include:

Predictive Maintenance: Automated scheduling of
maintenance tasks based on equipment usage and historical
data to prevent unexpected breakdowns.

Real-Time Monitoring: Integration with loT sensors to
provide real-time updates on the performance and condition
of critical mining equipment.

Predictive Maintenance: Using data analytics to predict
equipment failures before they occur, allowing for proactive
maintenance.

Work Order Management: Creation and tracking of digital
work orders, allowing maintenance teams to effectively
manage tasks and document maintenance activities.

Functionality Offline

The investigation will make sure the mobile application can
work offline because a lot of mining operations are carried
out in isolated locations with spotty or restricted internet
access. This includes the capacity to record maintenance
activities, monitor the functionality of equipment, and
synchronize data after the connection has been restored.

Interface and Experience for Users.

To make the program easy for users—especially
maintenance teams that might lack sophisticated technical
knowledge—the scope will also involve designing an
intuitive user interface. To support field operations, the
system will be customized for tablets and mobile devices.

Validation and Testing.

To verify the efficacy of the mobile application, the study
will test it in actual mining settings. In order to assess the
system's effectiveness in lowering equipment downtime,
increasing maintenance  efficiency, and improving
communication between maintenance teams and equipment
operators, field tests are conducted on mining sites.

Security and Data Management.

The administration of the data produced by the mobile
application will also be included in the study. This involves
storing user-generated work orders, maintenance logs, and
equipment performance data securely in a cloud-based
setting. By following industry best practices for data
security, the study will guarantee the protection of all
critical operational data.

1. Planning and Requirement Analysis
1. Stakeholder Consultation:

o Meet with mine operators, maintenance teams, and
management to understand their needs.

o ldentify pain points in the current maintenance
process.

o Define key features (e.g., equipment logs, alerts,
performance analytics).

2. Requirement Documentation:

o Document  functional and non-functional
requirements (e.g., offline functionality, rugged
design, etc.).

2. Research and Feasibility Study
1. Technical Feasibility:

o Evaluate hardware compatibility (e.g.,
mobile devices).

o ldentify integration needs with existing systems
like ERP or CMMS software.
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Market Research:

o Analyze existing solutions to identify gaps and
opportunities for differentiation.

Risk Analysis:

o Assess challenges like poor connectivity in remote
areas, data security, and battery optimization.

. Conceptual Design

Wireframing and Prototyping:

o Create low-fidelity wireframes to visualize app
layout and user flow.

o Develop a clickable prototype to validate design
concepts with stakeholders.

User Feedback:

o Conduct user testing on prototypes to gather
insights and iterate designs.

. Technical Design

Architecture Design:

o Decide on the app architecture (e.g., native or
cross-platform).

o Define backend infrastructure (cloud-based or on-
premise).

Database Design:

o Plan the data structure for tracking equipment
details, maintenance schedules, and work orders.

API Design:

o Define APIs for data exchange between the app and
backend systems.

. Development

Frontend Development:

o Develop the user interface (Ul) based on finalized
designs.

o Ensure the app is responsive and intuitive.

Backend Development:

o Build server-side functionality, including APIs,
data processing, and user authentication.

o Implement data synchronization for offline access.

Testing During Development:

o Conduct unit tests to ensure each component
functions correctly.

. Testing and Quality Assurance

Functional Testing:

o Verify all features meet requirements.

Field Testing:

o Test the app in actual mining environments for
usability and robustness.

Security Testing:

o Validate data  encryption
communication protocols.

and secure

. Deployment

Pilot Deployment:

o Release the app to a small group of users for
feedback.

Full Deployment:

o Roll out the app across the organization after
addressing feedback from the pilot phase.

App Store Release (if applicable):

o Publish the app on platforms like Google Play and
Apple App Store for external users.

1661


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies

8. Training and Documentation
1. User Training:
o Provide training sessions for maintenance staff and
operators.
2. Documentation:
o  Deliver user manuals and troubleshooting guides.

9. Post-Deployment Support
1. Monitoring and Bug Fixes:
o Monitor app performance and resolve issues
promptly.
2. Updates and Improvements:
o Regularly release updates based on user feedback
and evolving needs.

10. Continuous Feedback and Iteration

e Establish feedback loops with users to continually
refine the app.

e Use analytics to monitor app usage and optimize
features.

Research Questions

he study seeks to address the following key research

questions related to the design and development of a mobile

application system for mining maintenance:

1. What are the current challenges and limitations
faced by mining companies in maintaining their
equipment?

o How do existing maintenance practices contribute
to equipment downtime, inefficiency, and increased
operational costs?

o What are the communication and coordination
challenges between maintenance teams and
equipment operators?

2. How can a mobile application system improve the
efficiency of maintenance management in mining
operations?

o What features and functionalities are necessary to
enhance  real-time  monitoring, predictive
maintenance, and work order management?

o How can the system be designed to accommodate
both online and offline environments, particularly
in remote mining locations?

3. What impact will the integration of predictive
maintenance have on reducing equipment downtime
and repair costs?

o How can real-time data from 10T sensors be used to
predict equipment failures and schedule preventive
maintenance?

o What measurable improvements can be expected in
terms of reduced downtime, extended equipment
life, and overall maintenance efficiency?

4. How can the mobile application system improve
communication and coordination among
maintenance personnel, equipment operators, and
management?

o How effective are mobile-based communication
tools (instant messaging, task updates, report
sharing) in reducing delays and miscommunication
in maintenance workflows?

5. What are the security and data management
challenges involved in implementing a mobile
maintenance system in the mining industry?

o How can data generated from real-time monitoring
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and maintenance logs be securely stored and
accessed?

o What are the best practices for ensuring data
privacy and  protection in  cloud-based
environments for mining operations?

6. What is the potential impact of the mobile
application system on maintenance costs and overall
productivity in the mining sector?

o How can the system contribute to minimizing
downtime and reducing maintenance-related
expenses?

o What are the long-term benefits of adopting a
mobile maintenance system in terms of operational
efficiency and equipment reliability?

7. How scalable is the mobile application system for
use in different mining environments and other
industries?

o Can the system be adapted to suit different types of
mining operations (e.g., open-pit, underground) and
other industries that rely on heavy machinery?

Literature Review

The design and development of a mobile application system
specifically aimed at improving maintenance management
in the mining sector is presented in this study. Because the
mining industry mostly depends on big, complicated
equipment that works in challenging conditions, efficient
maintenance is essential to maintaining cost control,
operational effectiveness, and safety. Conventional
maintenance systems frequently suffer from inefficiencies
including postponed repairs, poor communication, and a
dependence on manual procedures, which can result in
unscheduled downtime and higher operating expenses.
Because the mining sector depends so heavily on big, costly,
and complicated machinery, efficient maintenance is
essential to both cost control and operational effectiveness.
Numerous studies highlight the necessity of proactive
maintenance techniques to lower equipment downtime and
increase machinery longevity. Due to the high expense of
unscheduled downtime and the possible safety hazards,
traditional ~ maintenance  techniques  like  reactive
maintenance repairing equipment after failure are becoming
less and less effective. Chen, Z., Xu, L., & Shi, P. (2019) [€],
loT-based remote monitoring and fault diagnostics in
mining machines. IEEE Transactions on Industrial
Informatics, 15(5),2937-2946.

Preventive and predictive maintenance are the key topics of
recent maintenance management trends. Predictive
maintenance uses data-driven methods to forecast when
equipment is likely to fail, enabling just-in-time
maintenance, whereas preventive maintenance is carrying
out routine, scheduled maintenance to avoid equipment
failures. Both strategies are essential for reducing unplanned
malfunctions and  enhancing  mining  equipment
dependability. However, research shows that a lack of real-
time data and efficient communication networks prevents
many mining operations from completely implementing
these tactics.

The study by Emmanouilidis, C., & Taisch, M. (2018) ', In
recent years, the idea of predictive maintenance (PdM) has
drawn a lot of interest, particularly with the development of
Industry 4.0 technologies. PdM uses sensors to gather data
from equipment and analytics to forecast potential failure
times. For this process, Internet of Things (IoT) sensors are
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crucial since they allow for the real-time recording of data
like pressure, temperature, and vibration.

According to one study on mobile apps' use in the
manufacturing industry, mobile-based maintenance systems
decreased machine downtime by 25% and enhanced reaction
times by 30%. Similar advancements are expected in the
mining industry, where mobile applications can assist in
resolving issues pertaining to the necessity for real-time data
access and the remote nature of operations. Ghods, A., &
Lim, S. (2019) [*1, Mobile technology in asset management:
A case study in the mining industry. Journal of Mobile
Engineering, 6(1), 49-56.

Methodology

In this sector, we used a combination of methods to
understand how advanced technologies are used in mining
industry and what effects they have. We gathered
quantitative data through surveys with miners in different
areas and qualitative data from detailed interviews and case
studies. We looked at how many miners use these
technologies, how they help improve operations, and their
impact on costs. We used statistical tools to analyze the
survey data and identified common themes in the interview
responses. This approach helped us clearly see the benefits
and challenges of using new technologies in mines..

Data Gathering

The kansanshi copper and gold mine: Our main research
took place there, a big mine located in North Western. This
mine operates on a large scale with a well-organized system
covering everything from extracting copper to selling by
product. They handle not just local sales but also export
their products. the mine has several specialized departments
like  blustering, transportation, cleaning, finance,
distribution, recording, and security.

Method of Data Collection

The following methods were employed to collect data for
this project, ensuring a comprehensive understanding of the
mine operations and the challenges faced:

Interview Method

Step 1. Preparation of Interview Questions - Developed
targeted questions to gather insights into mine management
and maintenance challenges.

Step 2: Conducting Interviews - Conducted face-to-face
interviews with miner staff to collect detailed information
on their experiences and the difficulties they encounter,
especially  regarding maintenance and  equipment
management and documentation.

Step 3: One-on-one interviews with key stakeholders,
including maintenance managers and IT support teams, were
conducted to gain insights into specific operational
inefficiencies and potential barriers to the application's
adoption.

Step 4: Data Recording - All responses were carefully
recorded, and detailed notes were taken to capture
comprehensive insights during the interviews.

Observation Method

Step 1: Observational Checklist - Created a checklist to
systematically observe the manual processes used by staff,
particularly in record-keeping downtime and working hours.
Step 2: On-Site Observation - Direct observations of
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maintenance processes were made to understand workflows,
the time taken for various tasks, and on-site environmental
factors affecting equipment and staff.

Step 3: Data Compilation - Organized the observations into
a structured format to facilitate analysis and interpretation.

Focus Group Discussions

Step 1: Formation of Focus Groups - Selected groups of
mine workers based on their roles to gather diverse
perspectives.

Step 2: Moderating Discussions - Facilitated discussions to
probe deeper into the collective experiences and views
regarding mines operations and technology use.

Step 3: Synthesis of Information - Recorded and later
analyzed the discussions to identify prevalent themes and
unique opinions among the group members.

Survey Method

Step 1: Survey Design - Designed a comprehensive survey
with a mix of multiple-choice and open-ended questions to
capture a wide range of data regarding mine operations.

Step 2: Distribution and Collection - Distributed the surveys
to a broader group of mine staff to ensure a representative
sample of responses.

Step 3: Data Analysis - Compiled and analyzed the survey
results to quantify the extent of operational issues and to
gain a statistical overview of the mine’s challenges.
To understand how the mines operates and what challenges
it faces, | used a mix of interviews, observations, focus
groups, and surveys. | talked directly with the mining staff
mostly from the maintenance department to hear about their
experiences and noted down issues, especially around how
they manage downtime and records. | also watched how
things are done day-to-day on the mine to see these
challenges in action. Through focus groups, | gathered
deeper insights from different groups of employees to get a
broader view of their daily operations and attitudes when the
machine go under down time. Lastly, | sent out surveys to a
larger group of staff to get a clearer picture of common
problems and collect some hard numbers on how the mine
operates. Ghods, A., & Lim, S. (2019) 11,

All this data will be pieced together to paint a full picture of
what’s happening on the mine and help figure out how to
solve these issues and how the mining maintenance mobile
app can help to resolve the challenges and improve the
production.

Problems of Existing Procedure

Here are some of the problems that the current farms face:
Inaccuracy and Errors: Manual data entry is prone to human
errors, which can include typos, misrecordings, or
omissions. These mistakes can lead to significant
discrepancies in records, affecting everything from
inventory management to financial reporting.
Time-Consuming Processes: Reactive Maintenance, the
predominant approach to maintenance is reactive rather than
preventive, with repairs carried out only after equipment
failure. This approach results in higher downtime and
unplanned expenses

Need for Real-Time Monitoring: Maintenance staff and
managers highlighted the need for real-time updates on
equipment status to proactively address issues and enhance
team response. Chatti, M. A., & Ziegler, J. (2017) [']

Mobile Accessibility: Technicians in the field expressed
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interest in having mobile access to work orders, equipment
history, and inventory data, facilitating quicker decision-
making and reducing response times.

Predictive Maintenance Features: There is a strong
interest in predictive maintenance capabilities, such as
automated alerts, which can allow teams to anticipate
potential failures and schedule preventive interventions.
High Maintenance Costs: Reactive repairs are costly,
requiring emergency labor, premium charges for expedited
spare parts, and occasionally, third-party technical
assistance.

High Equipment Downtime: On average, equipment
experiences downtime of up to 15% of operational hours,
significantly impacting productivity. Causes include
mechanical failures, delays in repair part availability, and
extended repair durations due to insufficient maintenance
planning.

Resource Constraints: Maintenance teams reported frequent
challenges with access to spare parts, specialized tools, and
sufficient labor, leading to further delays.

Communication Delays: Poor communication between
departments results in misaligned maintenance scheduling,
ineffective task prioritization, and delayed response to
critical issues.

Safety Incidents: Unplanned breakdowns have been
associated with increased safety incidents, with machinery
failures occasionally leading to workplace accidents or
hazardous situations for the maintenance crew.

Purpose of the New System

The purpose of the proposed mining maintenance mobile
app management system is to streamline operations,
enhance accuracy, and improve access to critical data
through mobile. By bringing mobile application in the
maintenance sector, paper-based methods will fully wiped
off with a digital solution, the system aims to solve several
prevalent issues:

High Equipment Downtime Costs:

A single piece of equipment failure in mining can cause
production to stop for hours or even days, costing the
company a lot of money. These losses could be significantly
decreased by a system that effectively schedules
maintenance and anticipates problems.

Enhanced Complexity of Operations:

Large fleets of mobile and stationary machinery are used in
modern mining operations, and each one needs to be
maintained on a regular basis to operate at its best. As the
size and complexity of operations increase, it becomes more
and more impractical to manage the maintenance of these
devices manually or with antiquated technologies.

Developments in Predictive Maintenance Technology:
The development of systems that can both anticipate
possible problems before they happen and continuously
monitor equipment status is made possible by advancements
in predictive analytics, the Internet of Things, and mobile
technologies. This makes it possible for a more proactive
maintenance strategy, minimizing unplanned malfunctions,
and streamlining maintenance plans.
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Real-time and remote solutions are required:

Numerous mining operations are situated in isolated
locations with little access to expert assistance on-site.
These operations would greatly benefit from a mobile
application that works offline and online and provides real-
time monitoring and maintenance updates. This would allow
for more responsive maintenance procedures and better
decision-making.

Safety and Environmental Aspects:

Improved safety and environmental compliance in mining
operations are also facilitated by routine and effective
maintenance. Equipment that is properly maintained lowers
the chance of mishaps and lessens environmental effects
including oil spills, equipment malfunctions, and

unscheduled stoppages. Al-Turjman, F., & Baali, 1. (2020)
[

Functional and Non-Functional Requirements

The project's system is designed to meet the rigorous
demands of mining maintenance management through a
series of robust functional and non-functional requirements.
Here's an expansion of these requirements:

Hara Equipment Maintenance System

Source: Author

Figure: Item page

64 Functional Requirements

The system will encompass a comprehensive suite of
features tailored to enhance the management of
maintenance:
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Figure: Database page

Data Entry and Management: The system will facilitate
seamless data entry processes, allowing administration to
efficiently record and update information regarding
equipment, including specific details about the it status,
bought or hird records, and working hours cycles. This
module will ensure that all data entries are timestamped to
maintain historical records for performance analysis.

Inventory Management: This feature will enable real-time
tracking of inventory levels for critical supplies such as
spare parts, unite it falls under, and condition of the
equipment and assign the an employee for it. It will give
user access to quick information alert, users when sees the
notification will be able to respond in less time.

Reporting and Analytics: The system will generate
comprehensive reports providing insights into mine
performance across various metrics such as production rates,
financial summaries, and health statistics of the mine. These
reports will support strategic decision-making by offering
both high-level overviews and detailed breakdowns of mine
maintenance operations.

Bl 0 e heretosea

Source: Author

Figure: Report Page

User Management: A robust user management tool will be
integrated, which will allow miner administrators to create,
manage, and control access for different users based on their
roles and responsibilities. This feature will ensure that
sensitive data is accessible only to authorized personnel,
enhancing security and operational integrity.

Source: Author

Figure: Office Page

Non-Functional Requirements

The system's architecture will also prioritize non-functional
aspects to ensure reliability, usability, and security:
Usability: The user interface (Ul) of the system will be
designed with a focus on user-friendliness. It will feature an
intuitive layout, clear navigation paths, and interactive
prompts to assist users in carrying out their tasks efficiently
and effectively. The goal is to reduce the learning curve and
enhance user satisfaction.

Reliability: Rigorous testing protocols will be put in place
to ensure the system performs consistently under various
operational conditions. The goal is to minimize downtime,
loses and cost that could disrupt farm activities, thereby
ensuring continuous, reliable service availability.
Performance: Optimization techniques will be applied to
ensure the system handles large datasets swiftly, facilitating
quick responses to user queries and operations. This is
critical in environments where decisions need to be made
quickly and based on the latest available data.

Security: The system will incorporate advanced security
measures such as data specification, regular security audits,
and secure access protocols to safeguard sensitive
information against unauthorized access and potential
security threats. Regular backups will also be scheduled to
ensure data integrity and availability in case of hardware
failure or other types of data loss incidents.

Advantages and Disadvantages

Advantages

Improved Efficiency: The routine tasks such as data entry,
scheduling, and record management significantly
streamlines mine operations. This reduction in manual labor
not only saves time but also minimizes human error, making
the mine more efficient and allowing staff to focus on more
critical tasks that require human intervention.

Enhanced Data Accuracy: By leveraging automated
systems for data collection and updates, the management
system ensures that all recorded information is precise and
up-to-date. This accuracy is crucial for making informed
decisions that affect the mine’s daily operations and long-
term strategies, from low level trucks to high level.

Better Resource Management: The system provides
detailed insights into resource utilization, highlighting areas
where resources may be under or over-utilized. By
analyzing data on down truck, spare parts, and other
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operational metrics, mines can identify cost-saving
opportunities, reduce waste, and significantly enhance
productivity.

Disadvantages

Initial Setup Costs: While the long-term benefits are
significant, the initial outlay for software and hardware can
be substantial. This cost includes purchasing the necessary
technology, setting up infrastructure, and potentially
upgrading existing systems to be compatible with the new
software. These expenses might be prohibitive for smaller or
financially constrained miners.

Training Requirements: To fully harness the capabilities
of the new system, miners from the maintenance and drivers
will need to undergo training. This process involves not only
learning how to use the system effectively but also
understanding how to interpret the data it provides. The time
and resources invested in training can be substantial,
depending on the complexity of the system and the existing
technological proficiency of the staff.

Customization Needs: No two mines are exactly alike,
despite them falling under open pit mine. each has its
specific challenges, requirements, and goals. Consequently,
a one-size-fits-all approach is often not feasible, requiring
the system to be customized to each mine’s particular needs.
Customization can add layers of complexity to the
implementation process and increase the overall cost of the
system, both in terms of development and maintenance.

System Design
The diagram below show the flow charts that will show how
the application will function

System Architecture.

The architecture of the mining maintenance mobile
application system comprises several layers, each serving a
specific function:

Presentation Layer: This layer features the user interface
(UI) accessible on mobile devices, designed for intuitive
navigation, easy data entry, and offline accessibility.
Application Layer: Contains the core application logic,
including work order processing, real-time updates,
notifications, and predictive maintenance algorithms.

www.multiresearchjournal.com

Source: Author

Figure: Application Layer Codes

Data Management Layer: Handles data storage and
retrieval, utilizing local databases for offline storage and a
central database for real-time data sync when connectivity is
available.

Integration Layer: Allows data exchange between the
application and existing ERP or asset management systems,
ensuring a centralized data repository and accurate
reporting.

Security Layer: Provides data encryption, user
authentication, and role-based access controls for data
protection and secure access.

e

Source: Author

Figure: login page

System Class Design
Each system component has specific responsibilities,
ensuring smooth operation within mining sites and
compatibility with remote and harsh environmental
conditions. Key components are as follows:
a. User Interface (Ul)
e Technology: Android Studio and Visual Studio Code
(for Android compatibility).
e Design Goals: Ensure high usability and accessibility
with minimal navigation complexity.
e Features:
o  Work order dashboard
o Equipment status tracking
o  Offline task creation and data syncing
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b. Work Order Management
e Purpose: Manage maintenance tasks from creation to
completion.
e Features:
o Create, assign, and close work orders.
o Record equipment details, priority levels, and
estimated repair times.
e Interaction: Data flows from users (maintenance staff)
through Ul forms to the backend server via APlIs.
. Predictive Maintenance Module
Purpose: Analyse historical data to forecast potential
equipment failures.
e Algorithms: Machine learning algorithms using
historical data trends for predictive analytics.
e Integration: Connects with sensor data (if available) to
trigger maintenance alerts before equipment fails.
d. Inventory Management
e Purpose: Track spare parts and consumables required
for maintenance tasks.

e O

o Features: Inventory levels, stock alerts, and reorder
requests.

o Database: Updates inventory data in real time or syncs
periodically in offline settings.

Source: Author

Figure: User interface

Development Process
An agile development methodology will be adopted,
consisting of iterative cycles of development, testing, and
refinement:
e Phase 1: Prototype Development
o Develop a basic prototype focusing on core
functionalities such as real-time file monitoring and
logging.
e Phase 2: Feature Integration
o Incorporate user authentication, unique employee
details and equipment names, identification, and
secure data code.
e Phase 3: Interface Design
o Develop the user interface for administrators,
ensuring ease of use and accessibility.
e Phase 4: Security Enhancements
o Implement security features such as access
controls, and secure authentication protocols.

6. Testing and Evaluation

Comprehensive testing will be conducted to ensure the

system's reliability and effectiveness:

e Unit Testing: Test individual
functions for correct operation.

components and

www.multiresearchjournal.com

e Integration Testing: Ensure that different modules
work together seamlessly.

e System Testing: Evaluate the complete system in a
controlled environment.

e User Acceptance Testing (UAT): Involve actual users
to test the system's functionality and usability, gathering
feedback for improvements.

a B

Source: Author

Figure: Report page

Project Timeline

The project will be carried out over a period of six months,

with the following estimated timeline:

e Month 1: Requirements gathering and initial system
design.

e Month 2: Development of core functionalities.

e Month 3: Development of user authentication and
database integration.

e Month 4: Implementation of the user interface and
recovery mechanisms.

e Month 5: Testing phases, including unit, integration,
and system testing.

e Month 6: User acceptance
incorporation, and finalization.

testing, feedback

10. Resources Required

e Human Resources: a software developer, a Mobile
App developer and UI/UX designer.

e Technical Resources: Development tools, testing
environments, and hardware compatible with the target
operating systems. (android)

11. Limitations

e Scope: The system will focus on Windows operating
systems commonly used in Zambia, and may not
support other platforms initially.

e Connectivity Challenge: the system is design to be
used in areas with less connectivity problems, hence
limiting it to mining areas with total connection.

12. Future Enhancements

To further enhance the mining maintenance mobile

application system, the following future developments are

recommended:

1. Enhanced Analytics and Reporting: Adding advanced
analytics for historical data could provide deeper
insights into equipment performance, inventory usage
trends, and workforce productivity, allowing for data-
driven decision-making.
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2. Al-driven Predictive Maintenance: Expanding the
predictive maintenance module with machine learning
algorithms would improve the system’s ability to
forecast equipment failures based on past performance
patterns and sensor data, enabling even more proactive
maintenance.

3. Offline Capabilities: Enhancing offline functionality
for areas with limited connectivity would allow users to
continue updating task statuses, logging issues, and
accessing essential data, with automatic syncing when
connectivity is restored.

4. Expanded Integration with ERP Systems: Broader
integration with ERP and other business systems would
enable seamless data sharing across departments,
enhancing resource planning, inventory management,
and maintenance budgeting.

5. Scalability for Multi-site Management: Developing
multi-site  support would allow large mining
organizations to use the system across multiple
locations, providing a centralized view of maintenance
operations and equipment health across sites.

These future works will build on the current functionality,

making the application more robust, adaptable, and efficient

for broader deployment in the mining industry and beyond.

Conclusion

The mining maintenance mobile application system has
proven to be a viable solution to the inefficiencies found in
traditional mining maintenance processes. The solution
improves team productivity by providing real-time access to
maintenance data and automating activities such as work
order management and inventory tracking. Predictive
maintenance capabilities, enabled by loT data, improve
equipment durability while reducing downtime. The mobile-
first approach has enhanced field personnel usability and
increased accessibility to maintenance workflows. This
technology has shown that digital solutions may
considerably improve operational effectiveness in the
mining industry, making it an important tool for firms
looking to upgrade their maintenance procedures.
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