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Abstract

GeoGuard  is  a  satellite-based  illegal  mining  detection  system  designed  to  identify  and  monitor
unauthorized  mining  activities  in  protected  forests,  no-mining  zones,  and  environmentally  sensitive
areas.  Illegal  mining  can  cause  deforestation,  land  degradation,  and  significant  damage  to  natural
resources, making continuous monitoring essential. The system uses satellite imagery, remote sensing,
and image analysis techniques to detect changes in land surfaces over time. Sentinel-2 satellite images
are  analyzed  to  identify  indicators  such  as  vegetation  loss,  exposed  soil,  and  excavation-like
disturbances. The detected changes are compared with protected-zone and authorized mining boundar-
ies  to  identify  potentially  illegal  mining  activities.  The  system  provides  location-based  alerts  and
visualizes suspicious areas on an interactive map, including the affected region and detected changes. By
reducing dependence on manual field inspections, GeoGuard enables faster and more efficient monitor-
ing  of  large  geographical  areas.  Overall,  the  proposed  system  supports  environmental  protection,
improves  mining  surveillance,  and  assists  authorities  in  taking  timely  action  against  unauthorized
mining activities.

Keywords:  illegal  mining  detection;  NDVI;  remote  sensing;  satellite  imagery;  Sentinel-2;  geospatial
analysis; vegetation monitoring; land cover change; environmental monitoring; GIS; image processing

1 Introduction

Illegal  mining  is  a  major  environmental  problem  that  affects  forests,  agricultural  land,  water
resources,  biodiversity,  and natural ecosystems. Unauthorized extraction of minerals can result in
deforestation, soil degradation, habitat destruction, water pollution, and permanent changes to the
landscape. Traditional methods of monitoring mining activities mainly depend on field inspections,
manual  surveys,  and  reports  from  local  authorities.  These  methods  are  often  time-consuming,
expensive,  and  difficult  to  perform  continuously  over  large  and  remote  geographical  regions.
Therefore, an automated and scalable approach is required to monitor mining activities efficiently
and identify potentially illegal operations at an early stage.

GeoGuard is a satellite-based illegal mining detection system developed to provide an intelligent and
efficient  solution for  monitoring  suspicious  mining  activities.  The  proposed system uses  satellite
imagery  and  geospatial  technologies  to  observe  changes  in  land  surfaces  over  different  periods.
Instead  of  depending  entirely  on  physical  inspections,  GeoGuard  compares  historical  and  recent
satellite images to identify significant changes that may indicate mining-related disturbances. This
approach  enables  authorities  and  environmental  monitoring  agencies  to  monitor  large  areas
remotely and focus their attention on locations that require further investigation.
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Satellite remote sensing plays an important role in environmental monitoring because it provides
continuous  observation  of  large  geographical  regions  without  requiring  direct  physical  access.
GeoGuard primarily utilizes multispectral satellite imagery such as Sentinel-2 data, which contains
information from different spectral bands. These bands can be used to analyze vegetation, exposed
soil,  barren  land,  water  bodies,  and  other  surface  characteristics.  By  processing  this  satellite
information,  the  system  can  identify  changes  in  land  cover  and  detect  regions  where  significant
disturbances have occurred.

Vegetation loss is one of the important indicators considered by the proposed system because mining
activities often require the removal of vegetation and topsoil. The Normalized Difference Vegetation
Index (NDVI) can be calculated from satellite imagery to estimate vegetation conditions within a
particular region. By comparing NDVI values from different time periods, GeoGuard can identify areas
where  vegetation  has  decreased significantly.  In  addition  to  vegetation  loss,  the  system analyzes
changes such as exposed soil, barren surfaces, and excavation-like patterns that may indicate mining-
related land disturbance.

Change detection is performed by comparing satellite images acquired at different time periods. A
single  satellite  image  may  not  provide  enough  information  to  determine  whether  a  particular
disturbance is recent or has existed for a long period. Multi-temporal analysis allows GeoGuard to
identify newly occurring changes and monitor the progression of  existing disturbances.  However,
since natural events,  agricultural activities,  construction,  and authorized mining can also produce
changes  in  satellite  images,  detected  disturbances  are  treated  as  potential  alerts  and  require
additional verification before being considered illegal mining.

Geospatial  boundary verification is  another important component of  GeoGuard.  The system com-
pares detected land disturbances with geographical boundaries such as protected forests, no-mining
zones, environmentally sensitive areas, and authorized mining regions. If a significant disturbance is
detected inside a restricted or protected zone, it can be given higher priority for investigation. This
combination of satellite-based change detection and geographical boundary analysis provides better
context for identifying potentially unauthorized mining activities.

GeoGuard also provides location-based visualization of detected disturbances through an interactive
map. When a suspicious region is identified, its geographical coordinates, affected area, and relevant
change information can be displayed for the user. This allows authorities to quickly understand the
location and extent  of  a  potential  mining  activity.  The  system can also  generate  alerts  or  assign
confidence scores based on factors such as vegetation loss, surface disturbance, and the location of
the detected change. Such prioritization helps monitoring teams concentrate their resources on high-
risk areas.

The proposed system reduces the dependency on continuous manual monitoring and improves the
scalability  of  environmental  surveillance.  Monitoring  large  forests  and  remote  mining  regions
through physical inspections requires considerable human resources, time, and financial investment.
Satellite-based monitoring allows extensive areas to be analyzed periodically using remotely acquired
data. The system can also maintain historical observations, enabling users to compare changes over
multiple periods and identify regions experiencing repeated or continuous disturbances.

Artificial  intelligence  and  machine  learning  techniques  can  further  improve  the  detection  and
classification of mining-related land changes. Models can be trained using satellite images containing
different  land-cover  and  mining  patterns  to  distinguish  suspicious  mining  areas  from  normal
environmental changes. GeoGuard can integrate image preprocessing, spectral analysis, NDVI calcula-
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tion, image differencing, geospatial analysis, and machine learning to improve detection performance.
However,  automated  results  should  be  considered  as  indications  rather  than  definitive  evidence,
since  final  confirmation  of  illegal  mining  may  require  field  verification,  authorized  records,  and
appropriate legal procedures.

In conclusion, GeoGuard provides a scalable satellite-based approach for monitoring potential illegal
mining activities using multi-temporal satellite imagery, remote sensing, vegetation analysis, change
detection,  and geospatial  boundary verification.  By identifying indicators such as vegetation loss,
exposed soil, and excavation-like disturbances and presenting suspicious regions through map-based
alerts,  the system can support  faster  and more efficient  environmental  surveillance.  It  can assist
government departments, forest authorities, and environmental agencies in identifying high-priority
locations for field investigation while reducing the effort required for large-scale manual monitoring.
Through  the  integration  of  satellite  technology,  GIS,  image  processing,  and  artificial  intelligence,
GeoGuard  aims  to  contribute  to  the  protection  of  natural  resources,  environmentally  sensitive
regions, and sustainable land management.

2 Literature survey

Illegal mining is a major environmental concern that causes deforestation, soil degradation, habitat
destruction,  water  pollution,  and changes in  land use.  Conventional  mining surveillance methods
mainly depend on field inspections and manual reporting, which are difficult to perform continuously
over  large  and  remote  areas.  Recent  research  has  therefore  focused  on  using  remote  sensing,
Geographic Information Systems (GIS), satellite imagery, and artificial intelligence to monitor land-
cover changes and identify suspicious mining activities.

2.1 Satellite-based environmental monitoring

Satellite remote sensing has become an important technology for monitoring environmental changes
over large geographical regions. Satellites such as Sentinel-2 provide multispectral imagery that can
be used to observe vegetation, soil, water bodies, and other land-cover characteristics. Studies have
demonstrated that periodic satellite observations can effectively identify changes caused by human
activities, including mining and deforestation. GeoGuard uses satellite imagery as the primary source
of information for detecting and monitoring potential mining-related disturbances.

2.2 Remote sensing for mining detection

Remote sensing techniques are widely used for identifying mining-related changes on the Earth's
surface. Mining activities often create visible disturbances such as vegetation removal, exposed soil,
excavation areas, and changes in land structure. Research has shown that spectral information from
satellite images can help distinguish disturbed areas from surrounding natural landscapes. GeoGuard
applies remote sensing techniques to analyze these surface characteristics and identify regions that
require further investigation.

2.3 NDVI-based vegetation analysis

The Normalized Difference Vegetation Index (NDVI)  is  one of  the commonly used techniques for
assessing vegetation health using satellite imagery. NDVI is calculated using near-infrared and red
spectral bands and provides information about vegetation density and condition. Mining activities
frequently result in vegetation removal, leading to a reduction in NDVI values. GeoGuard compares
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NDVI values from different time periods to identify significant vegetation loss that may indicate land
disturbance.

2.4 Multi-temporal change detection

Change detection involves comparing images captured at  different  periods to identify  changes in
geographical  features.  Research  shows  that  multi-temporal  satellite  imagery  is  effective  for
monitoring land-use and land-cover changes caused by mining, construction, deforestation, and other
human activities. By comparing historical and recent images, GeoGuard can identify newly disturbed
areas and monitor the progression of existing disturbances. This provides a more reliable approach
than analyzing a single satellite image.

2.5 Land-cover and surface disturbance analysis

Mining activities can result in the conversion of vegetation-covered land into exposed soil,  barren
land, or excavation areas. Researchers have used satellite-based land-cover classification and spectral
analysis to identify these changes. GeoGuard analyzes indicators such as vegetation loss, exposed soil,
barren  surfaces,  and  excavation-like  patterns  to  detect  potential  mining-related  disturbances.
Combining multiple indicators can improve the reliability of the detection process.

2.6 GIS and geospatial analysis

Geographic Information Systems (GIS) provide powerful tools for storing, analyzing, and visualizing
geographically  referenced  information.  Previous  studies  have  used  GIS  to  monitor  mining  areas,
protected forests, land-use changes, and environmentally sensitive regions. GeoGuard integrates GIS-
based analysis with satellite imagery to determine the geographical location of detected disturbances
and compare them with protected and restricted zones.

2.7 Protected zone and boundary verification

Identifying a land disturbance alone is not sufficient to determine whether mining is illegal because
authorized mining and other activities can also produce similar changes. Research emphasizes the
importance  of  comparing  detected  disturbances  with  administrative  and  regulatory  boundaries.
GeoGuard compares suspicious locations with protected forest boundaries, no-mining zones, envir-
onmentally sensitive areas, and authorized mining regions. This helps prioritize disturbances that
occur within restricted areas.

2.8 Artificial intelligence and machine learning

Artificial  intelligence  and machine  learning  techniques  are  increasingly  being  applied  to  satellite
image  classification  and  environmental  monitoring.  Machine  learning  models  can  learn  patterns
associated  with  different  land-cover  classes  and  identify  suspicious  changes  automatically.
Techniques such as Random Forest, Support Vector Machines, and neural networks have been ex-
plored  for  remote  sensing  classification.  GeoGuard  can  integrate  machine  learning  with  image-
processing and geospatial techniques to improve the classification of potential mining areas.

2.9 Visualization and alert generation

Visualization  is  important  for  presenting  complex  satellite  and  geospatial  information  in  an
understandable form. Interactive maps can display detected areas, geographical coordinates, affected
regions,  and changes between different time periods.  GeoGuard provides map-based visualization
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and location-based alerts for suspicious areas. This allows monitoring authorities to quickly identify
high-priority locations and plan further field investigations.

2.10 Limitations of existing approaches

Although satellite-based monitoring provides significant advantages, existing approaches may face
challenges such as cloud cover, seasonal variations, differences in image quality, false detections, and
difficulty distinguishing authorized activities from illegal activities. A single detection method may
therefore  not  be  sufficient  for  reliable  illegal  mining  identification.  GeoGuard  addresses  these
limitations by combining multi-temporal satellite imagery, NDVI analysis, surface change detection,
and geospatial boundary verification to provide a more comprehensive monitoring approach.

3 Proposed methodology

3.1 Enhanced satellite data processing

The proposed system collects and processes satellite imagery from sources such as Sentinel-2. Image
preprocessing techniques are applied to improve the quality and consistency of satellite data before
analysis. The system extracts relevant spectral information and prepares historical and recent images
for comparison.

3.2 Vegetation and land-cover analysis

GeoGuard analyzes vegetation and surface characteristics using satellite spectral information. NDVI is
calculated to  identify  vegetation conditions,  while  other  image characteristics  are  used to  detect
exposed soil,  barren land, and surface disturbances. Significant changes between different periods
are considered potential indicators of mining activity.

3.3 Multi-temporal change detection

The system compares satellite images acquired at different time periods to identify newly occurring
land disturbances. Historical and recent images are analyzed to determine whether vegetation loss,
soil  exposure,  or  excavation-like  changes  have  occurred.  This  helps  monitor  the  development  of
suspicious areas over time.

3.4 Geospatial boundary verification

Detected disturbances are compared with geographical boundaries such as:

Protected forest areas 

No-mining zones 

Environmentally sensitive areas 

Authorized mining regions 

If a detected disturbance occurs within a restricted region, the system assigns higher priority to the
location for further investigation.

3.5 AI-based detection

Machine  learning  techniques  can  be  integrated  into  the  system  to  classify  different  land-cover
patterns and improve the identification of potential mining areas. The model can analyze features

• 

• 

• 

• 
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such as vegetation change, surface characteristics, and spatial information to generate a confidence
score for suspicious regions.

3.6 Location-based alert generation

When significant changes are detected, GeoGuard generates an alert containing relevant information
such as:

Geographical coordinates 

Detected change area 

Type of disturbance 

Change intensity 

Confidence or risk score 

This helps authorities identify areas requiring immediate attention.

3.7 Interactive map visualization

The system presents detected mining-related disturbances through an interactive map.  Users can
view satellite  imagery,  affected regions,  coordinates,  protected boundaries,  and detected changes.
Visual  comparison between historical  and recent  images  helps  users  understand the  nature  and
extent of the disturbance.

3.8 Automated monitoring

GeoGuard is designed to support periodic monitoring of selected geographical regions. New satellite
images can be analyzed as they become available, allowing the system to identify newly emerging
disturbances without requiring continuous manual inspection.

3.9 Scalable and modular architecture

The  proposed  system  follows  a  modular  architecture  that  allows  additional  satellite  datasets,
machine learning models, geographical boundaries, and analysis techniques to be integrated in the
future. This makes the system suitable for monitoring multiple regions and expanding to large-scale
environmental surveillance.

3.10 Human verification and decision support

The system treats detected areas as potential illegal mining alerts rather than final proof of illegal
activity.  Authorities  can use the generated location,  satellite  evidence,  and change information to
prioritize  field  inspections  and  verify  the  activity  using  official  records.  This  combination  of
automated detection and human verification improves the reliability of the overall monitoring pro-
cess.

4 System implementation

The implementation of  the  GeoGuard:  Satellite-Based Illegal  Mining Detection System focuses  on
developing an intelligent and scalable platform for monitoring potential illegal mining activities using
satellite imagery, remote sensing, GIS, and image analysis techniques. The system processes historical
and  recent  satellite  images  to  identify  changes  in  land  cover,  vegetation  loss,  exposed  soil,  and

• 

• 

• 

• 

• 
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excavation-like disturbances. These detected changes are analyzed and compared with protected and
restricted geographical boundaries to identify areas that require further investigation.

The  frontend  is  developed  as  a  web-based  interface  that  provides  users  with  an  interactive
dashboard  for  monitoring  detected  mining-related  changes.  The  interface  allows  users  to  select
monitoring  regions,  view  satellite  images,  compare  historical  and  recent  imagery,  and  visualize
detected  suspicious  areas  on  an  interactive  map.  Important  information  such  as  geographical
coordinates, affected area, change intensity, and detection status is presented in a simple and user-
friendly manner.

The backend manages satellite data processing, image analysis, NDVI calculation, change detection,
geospatial  boundary  verification,  and  alert  generation.  Python-based  libraries  and  geospatial
processing  tools  are  used  to  process  satellite  imagery  and  extract  relevant  features.  The  system
compares  multi-temporal  satellite  images  to  identify  significant  changes  and  generates  potential
illegal mining alerts when suspicious disturbances are detected.

The implementation combines multiple analysis techniques instead of depending on a single indicat-
or.  Vegetation  loss  is  analyzed  using  NDVI,  while  exposed  soil,  barren  land,  and  excavation-like
patterns  are  identified  through satellite  image comparison.  The detected regions  are  then cross-
checked  with  protected  forest  areas,  no-mining  zones,  and  authorized  mining  boundaries.  This
combined approach improves the reliability of the detection process and helps reduce unnecessary
alerts.

Interactive visualization tools are used to display satellite imagery, detected changes, geographical
boundaries, and alert locations. The system provides map-based visualization so that users can easily
understand the location and extent of potential mining activities. The implementation is designed to
support efficient environmental monitoring and assist authorities in prioritizing areas for further
field-level verification.

4.1 Hardware requirements

The hardware requirements  for  the  GeoGuard system are  moderate  because  satellite  image pro-
cessing and analysis can be performed using a server or cloud-based environment.

Processor: Intel i5 or higher 

RAM: Minimum 8 GB; 16 GB recommended for large satellite datasets 

Storage: Minimum 256 GB SSD 

Graphics: Integrated graphics are sufficient for basic processing; dedicated GPU can be used for
advanced machine learning 

Internet: Stable high-speed internet connection for accessing satellite and geospatial data 

Key considerations:

Efficient processing of satellite imagery 

Smooth execution of image-processing operations 

Storage of historical and recent satellite images 

Support for geospatial and machine learning operations 

Reliable internet connectivity for satellite data access 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Users  can access  the  system through a  standard laptop or  desktop computer  because the  major
image-processing and analytical operations can be performed on the backend or cloud environment.

4.2 Software requirements

The  system  uses  various  software  tools  and  frameworks  for  satellite  data  processing,  geospatial
analysis, visualization, and machine learning.

Programming Language: Python 3.10+ 

Frontend: HTML, CSS, JavaScript 

Backend: FastAPI / Flask 

Satellite Data: Sentinel-2 imagery 

Image Processing: OpenCV, Rasterio 

Geospatial Processing: GeoPandas, GDAL 

Numerical Processing: NumPy, Pandas 

Machine Learning: Scikit-learn 

Visualization: Folium, Plotly, Matplotlib 

GIS: QGIS 

Development Tool: Visual Studio Code, Jupyter Notebook 

Version Control: Git and GitHub 

Database: PostgreSQL/PostGIS or MongoDB 

These tools provide the required environment for collecting, processing, analyzing, visualizing, and
storing satellite and geospatial information.

4.3 Software description

The GeoGuard system is a web-based satellite monitoring platform designed to identify potential
illegal mining activities through automated analysis of satellite imagery. The main functionalities in-
clude:

Satellite image acquisition and processing 

Multi-temporal image comparison 

NDVI-based vegetation analysis 

Land-cover and surface disturbance detection 

Geospatial boundary verification 

Potential illegal mining detection 

Location-based alert generation 

Interactive map visualization 

Historical change monitoring 

The backend processes satellite images and performs preprocessing, NDVI calculation, image differ-
encing, and change detection. Suspicious regions are identified based on significant environmental
and surface changes. These regions are then compared with protected and restricted geographical
boundaries to determine their priority for investigation.

The system architecture is modular, allowing additional satellite datasets, machine learning models,
GIS  layers,  and  detection  techniques  to  be  integrated  in  the  future.  The  dashboard  provides  a

• 

• 

• 

• 

• 

• 

• 

• 

• 
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simplified  representation  of  complex  satellite  and  geospatial  information  through  maps,  images,
charts,  and  alerts.  This  enables  environmental  authorities  and  monitoring  teams  to  identify
suspicious areas efficiently and make better-informed decisions.

The system is designed as a decision-support tool, meaning that detected regions represent potential
mining activity and should be verified through field inspection and authorized records before taking
legal action. This combination of automated satellite monitoring and human verification provides a
practical approach for large-scale environmental surveillance and protection of natural resources.

5 Advantages

Improved environmental monitoring: Uses satellite imagery and remote sensing techniques to
monitor large geographical areas and identify potential illegal mining activities efficiently. 

Early  detection: Identifies  land  disturbances  such  as  vegetation  loss,  exposed  soil,  and
excavation-like changes at an early stage. 

Multi-temporal analysis: Compares historical and recent satellite images to detect changes in
land cover and monitor mining-related activities over time. 

NDVI-based detection: Uses NDVI analysis to identify vegetation loss and changes in vegetation
conditions that may indicate mining activity. 

Protected zone verification: Compares detected disturbances with protected forests, no-mining
zones, and environmentally sensitive areas to identify high-risk locations. 

Reduced  manual  monitoring: Reduces  the  need  for  continuous  physical  inspections  by
automatically analyzing satellite images and highlighting suspicious regions. 

Interactive map visualization: Displays detected areas, geographical coordinates, boundaries,
and satellite imagery through an interactive map for easy interpretation. 

Location-based alerts: Generates alerts for suspicious regions and provides information such as
location, affected area, and detection intensity. 

Large-scale monitoring: Can monitor large and remote geographical regions that are difficult to
inspect manually, making the system suitable for extensive environmental surveillance. 

Historical  change  tracking: Maintains  and  compares  previous  observations  to  track  the
progression of land disturbances and identify repeated mining-related changes. 

Decision support: Provides authorities with satellite-based evidence and prioritized locations
that can assist in planning field inspections and investigations. 

Scalable  and  flexible: Can  be  extended  with  additional  satellite  datasets,  machine  learning
models, GIS layers, and monitoring regions according to future requirements. 

6 Results and analysis

The GeoGuard: Satellite-Based Illegal Mining Detection System successfully provides a platform for
monitoring  potential  illegal  mining  activities  using  satellite  imagery,  remote  sensing,  image
processing, and geospatial analysis. The system processes historical and recent satellite images to
identify  changes  in  land  cover  and  surface  conditions.  The  detected  changes  are  converted  into
meaningful outputs such as vegetation-loss regions, disturbed areas, potential mining locations, and
map-based alerts.  This  enables users to monitor large geographical  regions more efficiently than
conventional manual inspection methods.

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Iconic Research and Engineering Journals Vol. 10, Issue 4, October 2026

https://doi.org/10.64388/IREV10I4-1723854 ISSN 2456-8880 Paper ID: 1723854 | Page 1514



The system processes Sentinel-2 satellite imagery and performs preprocessing to prepare the images
for  analysis.  Historical  and  recent  images  are  compared  to  identify  significant  changes  in  the
monitored region. Areas experiencing vegetation loss, exposed soil, barren land, and excavation-like
disturbances can be highlighted for further investigation. The system provides a visual representa-
tion of these changes, allowing users to understand the location and extent of land disturbances. The
NDVI-based  analysis  further  helps  identify  areas  where  vegetation  has  significantly  decreased,
providing an important indicator of possible mining-related activity.

One of the key outcomes of the system is multi-temporal change detection, which compares satellite
images  captured  during  different  periods  to  identify  newly  disturbed  regions.  The  system  also
performs  geospatial  boundary  verification  by  comparing  detected  disturbances  with  protected
forests, no-mining zones, environmentally sensitive areas, and authorized mining boundaries. When
significant changes are detected within restricted regions, those locations are given higher priority
for investigation. This combined analysis improves the reliability of potential illegal mining detection.

The interactive dashboard provides clear visualization of detected regions through satellite images,
maps, geographical coordinates, affected areas, and change indicators. The system can also generate
location-based alerts containing information such as the detected disturbance, affected area, location,
and  confidence  or  risk  level.  These  features  help  monitoring  teams  identify  high-priority  areas
without  manually  inspecting the entire  region.  Historical  observations can also be maintained to
track whether a suspicious disturbance is increasing, decreasing, or remaining unchanged over time.

Overall, the results demonstrate that GeoGuard can serve as an effective decision-support system for
satellite-based  environmental  monitoring  and  potential  illegal  mining  detection.  By  combining
satellite  imagery,  NDVI  analysis,  multi-temporal  change  detection,  GIS,  and  image-processing
techniques, the system reduces manual monitoring efforts and supports large-scale surveillance. It
helps authorities  identify  suspicious locations for  further field  investigation and promotes better
protection of forests and environmentally sensitive areas. However, satellite-based results should be
considered potential indicators, and final confirmation of illegal mining should be performed through
field verification and authorized records.
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Figure 1. Screenshots of the GeoGuard web application: (a) sign-in page; (b) dashboard; (c) official mining lease
records; (d) satellite image analysis page.

7 Conclusion

The  GeoGuard:  Satellite-Based  Illegal  Mining  Detection  System  successfully  demonstrates  how
satellite imagery, remote sensing, GIS, image processing, and intelligent analysis can be combined to
support the detection and monitoring of potential illegal mining activities.  The system provides a
centralized platform for analyzing geographical changes and identifying suspicious land disturbances
across large and remote areas.

By integrating Sentinel-2 satellite imagery, NDVI analysis, and multi-temporal change detection, the
system  can  identify  important  indicators  such  as  vegetation  loss,  exposed  soil,  barren  land,  and
excavation-like disturbances. The comparison of historical and recent satellite images helps monitor
changes  over  time  and  provides  useful  information  about  the  location  and  extent  of  potentially
affected areas.

The integration of geospatial boundary verification further improves the effectiveness of the system
by  comparing  detected  disturbances  with  protected  forests,  no-mining  zones,  environmentally
sensitive areas, and authorized mining regions. Interactive maps and location-based alerts help users
visualize suspicious regions and prioritize areas that require further investigation.

GeoGuard reduces the dependency on continuous manual monitoring and provides a scalable ap-
proach for environmental surveillance. It can assist government departments, forest authorities, and
environmental monitoring agencies in identifying high-priority locations for field verification. The
system  also  provides  a  foundation  for  incorporating  advanced  machine  learning  models  and
additional satellite datasets in the future to improve detection accuracy.

Overall,  GeoGuard  offers  a  practical  and  efficient  approach  to  satellite-based  illegal  mining
monitoring. By combining remote sensing, satellite image analysis, NDVI, GIS, and change detection,
the  system  supports  faster  identification  of  environmental  disturbances  and  contributes  to  the
protection of forests, natural resources, and environmentally sensitive regions. The detected results
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should  be  treated  as  potential  indicators  and  verified  through  field  inspections  and  authorized
records before taking final action.

8 Future work

The  GeoGuard:  Satellite-Based  Illegal  Mining  Detection  System  can  be  further  enhanced  by
integrating advanced technologies and expanding its monitoring capabilities:

AI Model Improvement: Incorporating advanced deep learning and computer vision models to
improve the accuracy of mining-area classification and reduce false detections. 

Real-Time  Satellite  Monitoring: Integrating  frequently  updated  satellite  imagery  to  provide
faster detection of newly emerging mining activities. 

Advanced Change Detection: Implementing advanced image-processing and change-detection
techniques to identify smaller and more complex mining disturbances. 

Multi-Satellite  Integration: Combining  Sentinel-2  with  other  satellite  data  sources  such  as
Sentinel-1 and higher-resolution imagery for improved detection under different environmental
conditions. 

Cloud Integration: Deploying the system on cloud platforms to process large volumes of satellite
imagery and support monitoring of multiple geographical regions. 

Automated Alert System: Developing automated notifications through email, SMS, or dashboard
alerts when suspicious mining activities are detected. 

Advanced  GIS  Visualization: Adding  interactive  3D  maps,  historical  timelines,  area
measurements, and detailed satellite-image comparisons for better analysis. 

Predictive Monitoring: Using historical mining patterns and machine learning to predict areas
that may be at higher risk of future illegal mining activities. 

Mobile Application Support: Developing Android and iOS applications to allow authorities and
field officers to access alerts and geographical information remotely. 

Integration with Government Data: Connecting the system with authorized mining permits,
land records, forest boundaries, and environmental databases for improved verification. 

In the future, GeoGuard can evolve into a fully automated and intelligent environmental monitoring
platform capable of continuously analyzing satellite data, detecting land-cover changes, generating
alerts, and predicting high-risk mining regions. Such improvements can make the system a valuable
tool  for  government  authorities,  forest  departments,  and  environmental  agencies  in  protecting
natural resources and controlling unauthorized mining activities.
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