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Abstract: In the modern mining industry, managing large-scale geological datasets requires advanced technological support. This
paper introduces Geographic Information Systems (GIS) as a pivotal tool for collecting, storing, analyzing, and visualizing mining-
related data. By leveraging GIS, mining operations can enhance resource evaluation, optimize extraction processes, and improve
environmental monitoring. The article also explores how GIS integrates multi-source data and supports spatial modeling to facilitate
strategic planning and sustainable mining management. This approach promotes a comprehensive, technology-driven framework for

informed decision-making in the mining sector.
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1. Introduction

With the rapid advancement of information technology—
particularly the emergence of computer graphics and the
significant improvements in hardware capabilities—
Geographic Information Systems (GIS) have been developed
and quickly evolved in both technological aspects and
practical applications. Beyond managing extensive and
diverse databases, GIS has demonstrated superior
capabilities compared to traditional cartographic systems,
thanks to its ability to integrate high-density information,
facilitate easy updates, manage and analyze data, and reliably
extract necessary information within a short time frame.

The concurrent development of computer technologies,
image recognition algorithms, and database systems has
further accelerated the growth of GIS technology. As a
result, GIS has rapidly become a decision-support tool across
a wide range of sectors—from planning to management—
and in various fields such as natural resources, environment,
land use, mineral resources, infrastructure, and socio-cultural
studies. It can be stated that today, there is virtually no field
that does not utilize or cannot benefit from GIS technology.
In addition, the synergy between GIS technologies and
domain-specific knowledge in mining fosters a more holistic
approach to resource management, enabling more informed
decisions and sustainable practices.

This paper aims to present the role and potential of
Geographic Information Systems (GIS) in enhancing the
management and operational efficiency of the mining
industry. This study underscores the strategic importance of
adopting GIS in mining, particularly for sustainable resource
management, operational optimization, and environmental
stewardship in an era of digital transformation.

2. Principles Information

Systems

of Geographic

2.1 Definition and Components of GIS

GIS is an organized system comprising hardware, software,
geographic data, and human resources, designed to

effectively perform the tasks of collecting, managing,
storing, updating, processing, analyzing, and presenting
geographic information.

The GIS system consists of the following main components
(figure 1):
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Figure 1. Components of GIS

e Hardware: Includes servers, workstations/PCs, and
peripheral devices such as digitizers, scanners, printers,
plotters, and other auxiliary equipment. These devices are
interconnected through a local area network (LAN) or a
wide area network (WAN), depending on the system’s
objectives and organizational scale.

e Software: Encompasses GIS software such as Arc/Info,
Geomedia Pro, Maplnfo, etc., and database management
systems (DBMS) like Oracle, SQL Server, Access,
among others. Each software has its own characteristics,
and users can select appropriate tools based on their
specific needs. Software should be implemented
progressively and aligned with system functions, with
attention to scalability, compatibility, and data format
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standards.

e Data: GIS data includes spatial and non-spatial data,
linked together in a standardized structure. The database
can be managed in a centralized or distributed model,
depending on the system’s scale. GIS databases are
typically divided into two main categories:

o Framework Data: Consists of fundamental data layers
commonly used across specialized GIS systems,
including coordinate systems, topography, transportation
networks, hydrography, administrative boundaries, and
population data.

e Thematic Data: Includes data specific to various sectors,
represented through spatial and non-spatial models.
Examples include databases on natural resources,
minerals, environment, land use, and socio-economic
sectors. For each domain, the database structure is
designed according to the specific objectives of the GIS
application.

Geographic Database
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Figure 2: Geographic database

Human Resources This concept plays a pivotal role in the
broader context of GIS implementation, especially when
considering the integration of spatial data with real-world
applications. By understanding this aspect in greater depth,
stakeholders can better appreciate the strategic value GIS
brings to the mining sector.

Human involvement is a decisive factor in the successful

design, development, and implementation of a GIS system.

Within a GIS framework, personnel operate in three distinct

roles, each with specific responsibilities:

e System Administration Group: Responsible for managing
and overseeing the entire system, ensuring compliance
with operational protocols, and maintaining technical and
technological security.

e Database Setup and Update Group: Tasked with
collecting and establishing initial datasets, as well as
updating system data during deployment.

o Database Utilization Group: Comprises users who extract
information from the system, analyze and synthesize data
to solve specific problems, and support decision-making
processes for managers.

2.2 Spatial Data Models

Graphical information stored in GIS databases is represented
through spatial data models. Spatial data modeling can be

implemented using the following types:

e Vector Data Model: Vector models may include or
exclude topology. Incorporating topology allows for more
comprehensive data analysis compared to non-topological
models.

o Raster Data Model: Data is stored in pixel format, which
differs significantly from vector models. Raster models
are less commonly used as the primary data structure in
cartographic databases.

e The choice of data model depends on the specific
application domain, the nature of the data, and the
intended analytical use. Furthermore, this highlights the
importance of aligning technological capabilities with
organizational goals, ensuring that GIS tools are not only
technically sound but also practically applicable in
diverse mining scenarios.

2.3 Digital Elevation Model (DEM) and Metadata

A complete GIS system must address two critical

components: the Digital Elevation Model (DEM) and

metadata. While these elements may not significantly affect
cartographic data presentation, they are essential for data
exploitation and management.

o Digital Elevation Model (DEM): DEMs focus on
representing terrain surfaces and are considered a distinct
component of the GIS database. Traditional paper maps
depict terrain using contour lines, which are stored in
digital maps as elevation layers. Each contour line is
associated with an elevation value, primarily for
visualization purposes.

e However, such representations are insufficient for
advanced surface analysis. Complex operations such as
volume calculation and slope analysis require data
organized in DEM format. DEMs are structured as
discrete points (e.g., regular grids or irregular triangles)
with elevation information, where resolution (data
density) is a key characteristic. Additionally, DEMs must
be capable of generating contour lines that resemble those
found on traditional maps—a process that depends
heavily on software capabilities.

e Metadata: Metadata plays a unique role in GIS systems. It
includes information such as authorship, creation date,
technology used, accuracy, and coordinate reference
systems. Metadata enables users to assess the quality and
usability of datasets and provides managers with essential
information for planning updates or new data acquisition.
Metadata management strategies may vary in detail
depending on the region, map sheet, or specific data
objects

2.4. GIS System Architecture

2.4.1 System Organization

The setup, management, and utilization of GIS databases are

conducted within two operational environments:

o System Administration Environment:

o Establishes, maintains, and updates the system.

o Performs data operations to meet user needs.

o Facilitates data printing and digital exchange with other
systems.
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User Environment:

o Allows data viewing (full or restricted access).

e Supports data queries and basic analysis.

o Enables limited data printing. Furthermore, this
highlights the importance of aligning technological
capabilities with organizational goals, ensuring that GIS
tools are not only technically sound but also practically
applicable in diverse mining scenarios.

2.4.2 Software Solutions

Currently, numerous GIS software solutions exist globally,

each with distinct technological approaches and scales. Users

can select appropriate software based on their specific

application goals. Software should be implemented

progressively and aligned with system functions, with

attention to scalability, compatibility, and data format

standards. GIS construction software includes both GIS

applications and database management systems.

o GIS Software:

e Arc/Info Suite:

« Strong capabilities in data input and digitization for initial
dataset creation.

o Flexible data editing tools.

e Comprehensive client/server GIS solution with SDE,
Arc/Info, and IMS.

o High reliability and modern development tools.

o Relatively high initial investment cost.

Intergraph Suite:

e Excellent in cartographic technology and multi-source
data acquisition.

e Advanced tools for digital
mapping.

e Application development tools via GeoMedia Pro and
GeoMedia WebMap integrated with MGE.

o Lower initial investment cost compared to Arc/Info.

image processing and

Database Management Software:

e Oracle and SQL Server are recommended due to their
proven strengths and compatibility with both GIS
platforms mentioned above.

2.4.3 Data Security and Protection

GIS systems manage large and sensitive datasets,

necessitating robust security measures. Key aspects include:

e Hardware Security: Dedicated servers and UPS systems.

e Backup and Virus Protection: Regular data backups and
antivirus protocols.

e System Documentation: Comprehensive documentation
of system architecture and data to support maintenance
and upgrades.

e Access Control: User access levels, permission
management, and authentication mechanisms such as
passwords. Furthermore, this highlights the importance of
aligning technological capabilities with organizational
goals, ensuring that GIS tools are not only technically
sound but also practically applicable in diverse mining
scenarios.

3. GIS Applications in the Mining Industry
3.1 Development of Geological-Mining Databases

Currently, various specialized software tools—both
international and domestic—are being applied in the mining
sector, such as Surpac, Techbase, GeoLynx, Vulcan,
Datamine, Mapsite, TOPO, and HSMO. These tools
primarily operate as standalone applications, mainly
supporting tasks such as mine design, construction, geodetic
data processing, and the creation of digital maps and
drawings. However, they often lack comprehensive
capabilities for large-scale management, storage, updating,
spatial analysis, and distribution of geospatial information.

With its superior capabilities, GIS plays a crucial role in

managing, storing, processing, spatially analyzing, and

distributing geospatial data across various sectors, including

mining. Key GIS applications in the mining industry include:

e Creating geological and mining map layers, such as
isopach, isobar, isograde, outcrop, and mine boundary
maps.

e Developing and updating current mining operation maps.

e Optimizing mine planning and design.

o Assessing the stability of open-pit mine slopes.

o Conducting environmental impact assessments.

e Processing exploration and survey data.

¢ Calculating mineral reserves and volumes.

o Constructing geological databases.

e Modeling ore body structures.

e Analyzing, optimizing, and designing blast
networks.

hole

3.2 Steps for Implementing GIS Projects in the Mining
Sector

Implementing GIS in the mining industry is a complex task,

especially in Vietnam, where limitations in human resources

and telecommunications infrastructure pose challenges for

medium- to large-scale projects. Therefore, adhering to a

structured implementation process is essential to ensure

project success and efficiency. The basic steps include:

¢ Defining project objectives.

e Designing the system architecture:

o System architecture design.

o Functional system design.

o Data structure design.

e Selection of hardware equipment.

o Selection of GIS and database software.

e Application development based on the selected GIS
platform.

e Training human resources.

e Collecting and establishing initial system data.

e Operating, deploying, and utilizing the system.

e Maintaining, servicing, and updating system data.

Conclusion

To enhance work efficiency, increase labor productivity, and
progressively modernize the application of information
technology in the mining sector, the adoption of Geographic
Information Systems (GIS) technology is essential. The
implementation of GIS serves several critical purposes. It

Volume 13 Issue 7, July 2025

www.ijser.in
Licensed Under Creative Commons Attribution CC BY

Paper |D: SE25716114733

DOI: https://dx.doi.org/10.70729/SE25716114733

95 of 96


https://d.docs.live.net/d6a8c8057f9144eb/Documents/www.ijser.in
http://creativecommons.org/licenses/by/4.0/

International Journal of Scientific Engineering and Research (IJSER)
ISSN (Online): 2347-3878
SJIF (2024): 6.623

enables the establishment of a comprehensive geospatial
database that supports state management, strategic planning,
and policy-making in the exploitation of mineral resources.
Additionally, GIS facilitates economic activities by
providing essential spatial information for feasibility studies,
site selection, and the planning of infrastructure and
operational networks. It also assists management at various
levels in identifying and analyzing socio-economic patterns,
thereby informing the development of sectoral plans.
Furthermore, GIS provides a unified geographic framework
for managing other resources within the mining sector and
supplies valuable data to support scientific research in the
fields of geology and mining.

GIS has become a transformative tool in the mining industry,
enabling more efficient resource management, precise
planning, and environmentally responsible practices. By
integrating spatial data analysis with mining expertise, GIS
provides a comprehensive platform for decision-making at
all levels. Continued development of GIS applications
tailored to mining will play a vital role in advancing
sustainable resource exploitation.
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