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Abstract

Geospatial technologies have undergone significant advancements over the last three decades,
revolutionizing the collection, analysis, and application of spatial data. From the integration of cloud
computing into Geographic Information Systems (GIS) to the application of artificial intelligence (Al) in
remote sensing, and from high-precision land surveying using GPS and Total Stations to advanced land
cover classification methods, these technologies now play a pivotal role in environmental monitoring,
land management, and urban planning. This review synthesizes findings from recent literature on cloud-
enabled GIS, remote sensing in mountainous environments, GPS-based surveying, and Al-driven land
cover classification. It highlights emerging trends such as edge computing, 5G integration, and semantic
segmentation, while also identifying challenges including data scarcity, interoperability issues, and
regional disparities in research. The paper concludes with future perspectives on the convergence of
cloud-edge computing, Al, and geospatial technologies for sustainable development and smart city
applications.

Keywords: GIS, remote sensing, GPS, land surveying, land cover classification, edge computing,
artificial intelligence.

1. Introduction

Geospatial data is the foundation of modern environmental management, urban planning, infrastructure
development, and disaster response. Traditionally, spatial data was collected through manual surveys and
represented on paper-based maps. Today, however, technological innovations such as cloud-enabled
GIS, satellite remote sensing, deep learning, and GPS-based surveying have transformed the scale,
speed, and precision of spatial data processing.

The shift from standalone GIS platforms to cloud-based and edge-enabled ecosystems has enabled
real-time data analysis, while remote sensing technologies have improved monitoring of inaccessible
terrains such as mountainous regions. In parallel, land surveying technologies have evolved with GPS
and Total Station instruments providing millimeter-level accuracy. Finally, advances in artificial
intelligence have made it possible to perform automatic classification of land cover using low and
medium-resolution satellite data.

This review consolidates findings from recent studies in these domains, presenting a comprehensive
overview of how geospatial technologies are shaping future research and applications.
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2. Cloud-Enabled GIS and Edge Computing

2.1 Evolution of GIS

Geographic Information Systems (GIS) have evolved from simple cartographic visualization tools into
powerful decision-support systems capable of integrating spatial and non-spatial data. Early GIS was
limited to desktop applications, but with the rise of the internet, WebGIS allowed data access and sharing
across distributed platforms.

2.2 Cloud GIS

The integration of cloud computing (CC) revolutionized GIS by providing scalable storage, elastic
computing power, and on-demand access to spatial datasets. Cloud GIS supports Software-as-a-Service
(SaaS) and Infrastructure-as-a-Service (IaaS) models, reducing costs and enabling collaborative
analysis across sectors. Benefits include energy efficiency, rapid scalability, and resilient service delivery,
though challenges remain in data privacy and interoperability.
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Fig 1 System architecture of cloud-based web GIS for real-time
2.3 Multi-Access Edge Computing (MEC)

Cloud computing, however, introduces latency issues when handling real-time data. To overcome this,
Multi-Access Edge Computing (MEC) brings cloud capabilities closer to data sources, reducing
network congestion and improving response times. MEC is particularly relevant for smart cities, disaster
management, and real-time monitoring applications. Combined with 5G and IoT, MEC enables real-
time geospatial analysis critical for next-generation urban infrastructure.

Key insight: The transition from Cloud GIS to Edge GIS represents a paradigm shift, aligning
geospatial systems with the demands of real-time, data-intensive applications.
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3. Remote Sensing in Mountainous Environments

3.1 Importance of Mountains

Mountains provide critical ecosystem services such as freshwater, biodiversity conservation, and climate
regulation. They are often referred to as the “water towers” of the world, supporting billions of people.
However, due to their rugged terrain and climatic challenges, they are data-scarce regions.

3.2 Applications of Remote Sensing

Remote sensing technologies—ranging from satellite imagery to UAV-based surveys—have proven
invaluable for overcoming accessibility limitations. Applications include:

¢ Glacier and snowpack monitoring for water resource management.

e Vegetation and forest mapping to assess biodiversity.

¢ Detection of land cover changes, fire events, and soil degradation.

¢ Climate change impact assessment, particularly for vulnerable mountain communities.

3.3 Research Gaps
Bibliometric analysis shows that most research on mountainous environments is concentrated in the

Global North, with limited studies from Africa and the Global South. This inequity highlights the need
for capacity building, funding, and equitable access to satellite data in developing regions.

3.4 Emerging Trends
The integration of Al, cloud computing, and multi-sensor datasets is enhancing the analysis of

mountainous regions. Radar sensors are increasingly used to overcome cloud interference, while deep
learning models are applied for automated mapping of glaciers, forests, and land use dynamics.

4. Land Surveying and Mapping Technologies

4.1 Total Station and GIS Integration

Total Station instruments remain a cornerstone of land surveying, offering high-precision measurement of
distances and angles. However, many surveys are conducted using local assumed coordinate systems,
limiting interoperability with GIS. Transformation into real-world coordinates through georeferencing
tools significantly improves integration.

¢ The Champ Tool provides the highest accuracy for coordinate transformation.
e Applications include road construction, urban expansion, and geomorphic change detection.

4.2 GPS in Land Surveying

GPS has become a dominant surveying tool, providing centimeter to millimeter-level accuracy when
coupled with Differential GPS (DGPS) techniques.
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e Case studies demonstrate errors of less than 10 mm for boundary mapping.
e Advantages include reduced manpower, rapid data collection, and compatibility with GIS.
e Applications: cadastral surveys, land ownership confirmation, and infrastructure planning.

Surveying with GPS

-
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Fig.2. Surveying with GPS
Comparison: While Total Stations excel in localized, high-precision surveys, GPS offers efficiency and

scalability for larger projects. The combined use of both technologies, integrated within GIS, represents
best practice.

5. Land Cover Classification with Remote Sensing and Al

5.1 Traditional Approaches

Pixel-based classification techniques such as Maximum Likelihood Classification (MLC) and Random
Forests (RF) have been widely used for land cover mapping. While effective, their accuracy is often
limited in low and medium-resolution datasets.

5.2 Deep Learning Approaches

Deep learning methods, particularly Convolutional Neural Networks (CNNs) and semantic
segmentation models like U-Net, DeepLabV3, and FC-DenseNet, outperform traditional methods in
extracting complex features from imagery. For example, U-Net achieved 93.62% accuracy in land cover
classification tasks using medium-resolution imagery.

5.3 Challenges and Opportunities

e Challenges: Need for large labeled datasets, computational costs, and generalization across
different regions.
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e Opportunities: Weakly supervised learning, hybrid models (e.g., CNN + Random Forest), and
cloud-based Al platforms for large-scale classification.

6. Discussion

The reviewed literature reveals a convergence of technologies:

¢ Cloud GIS + Edge Computing: Real-time decision-making for smart cities.
¢ Remote Sensing + Al: Automated analysis of ecosystems and land cover.
e GPS/Total Station + GIS: High-precision cadastral mapping.

Key challenges include data interoperability, uneven research contributions across regions, and
privacy/security in cloud environments. Opportunities lie in integrating these technologies into unified
platforms for sustainable development.

7. Future Directions

Integration of 5G and Edge GIS for ultra-low-latency applications.

Al-driven predictive analytics in remote sensing for climate adaptation.

Digital Twins of landscapes and cities using GIS + remote sensing + Al.

Equitable access to geospatial data in the Global South.

Sustainable practices: energy-efficient cloud solutions for large-scale geospatial computing.

NS

8. Conclusion

Geospatial technologies are advancing toward a future defined by cloud-edge integration, Al-driven
analytics, and high-precision surveying methods. These innovations not only improve efficiency and
accuracy but also enable real-time decision-making for sustainable land and environmental management.
The convergence of GIS, remote sensing, and Al, supported by 5G and 10T, holds the potential to
revolutionize smart city development, disaster resilience, and global sustainability efforts.
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