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Abstract

The integration of Geographic Information Systems (GIS) and drone technology has significantly transformed
archaeological research and heritage preservation in Karnataka. Traditional archaeological methods relied
heavily on excavation, field observation, and manual documentation, often requiring extensive time and
resources. Modern technologies such as GIS mapping and drone archaeology now allow researchers in
Karnataka to study ancient landscapes, temple complexes, prehistoric settlements, and historical ruins with
greater precision and efficiency.

GIS enables archaeologists to analyze spatial relationships between settlements, trade routes, rivers,
monuments, and environmental features, while drones provide aerial imaging, topographical mapping,
thermal analysis, and three-dimensional documentation of archaeological sites. In Karnataka, these
technologies are increasingly used at important heritage locations such as Hampi, Badami, Pattadakal, Aihole,
and prehistoric rock art regions.

GIS and drone archaeology reduce physical damage to fragile sites while improving digital preservation and
heritage management. This paper examines the role of GIS mapping and drone archaeology in Karnataka,
explores their applications at major archaeological sites, discusses advantages and limitations, and evaluates
their growing importance in preserving Karnataka’s cultural heritage.

Introduction

Archaeology is the scientific study of human history through material remains such as tools, structures,
pottery, inscriptions, and settlements. For centuries, archaeological exploration depended largely on
physical excavation and field observation. While these traditional methods remain important, they are
often time-consuming, expensive, and destructive to fragile heritage sites.

In recent decades, digital technologies have transformed archaeological practices. Among the most influential
innovations are Geographic Information Systems (GIS) and drone-based archaeological surveying. GIS allows
archaeologists to store, analyze, and interpret spatial data related to archaeological sites, landscapes, and
historical environments. Drones, also known as Unmanned Aerial Vehicles (UAVs), provide high-resolution
aerial photographs, thermal imaging, and three-dimensional models of archaeological locations.

The combination of GIS and drones has introduced a new era of non-invasive archaeology. Archaeologists can
now detect buried structures, monitor environmental threats, map large areas quickly, and preserve historical
information digitally. This technological shift has significantly improved archaeological efficiency and
heritage management worldwide.
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Understanding GIS in Archaeology

Geographic Information Systems (GIS) are computer-based systems designed to collect, manage, analyze, and
display geographical data. In archaeology, GIS helps researchers understand the spatial relationships between
ancient settlements, trade routes, water sources, monuments, and landscapes.

GIS functions through layered data visualization. Different types of information such as terrain elevation,
vegetation patterns, excavation findings, and satellite imagery can be combined into a single analytical
framework. This allows archaeologists to identify patterns that may not be visible during ordinary
fieldwork.

Major Uses of GIS in Archaeology

1. site Mapping

GIS helps create accurate maps of archaeological sites. Researchers can precisely mark the locations of structures,
artifacts, and excavation zones.

2. Landscape Analysis

Archaeologists study how ancient civilizations interacted with their environment. GIS helps analyze rivers,
mountains, forests, and climate patterns that influenced settlement choices.

3. Predictive Modeling

GIS can predict potential archaeological sites by analyzing environmental and historical factors. This saves time
and resources during exploration.

4. Heritage Preservation

GIS databases help governments and conservation organizations monitor archaeological sites threatened by
urbanization, mining, or climate change.

5. Digital Reconstruction

Ancient cities and monuments can be digitally reconstructed using GIS data, helping researchers visualize
historical landscapes.

Drone Archacology

Drone archaeology refers to the use of drones or UAVs for archaeological surveying, mapping,
documentation, and analysis. Drones carry cameras and sensors capable of capturing high-resolution images
from different altitudes.

Traditional aerial surveys required helicopters or airplanes, which were expensive and less flexible. Drones
provide a cheaper, safer, and more efficient alternative.

Functions of Drones in Archaeology

1. Aerial Photo graphy

Drones capture detailed aerial images that reveal buried walls, roads, foundations, and settlement patterns.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM63409 | Page 2


https://ijsrem.com/

- 1Y
‘{IJSREM"

wee-wd?  International Journal of Scientific Research in Engineering and Management (IJSREM)
fa) Volume: 10 Issue: 05 | May - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

2. 3D Modeling

Using photogrammetry, drones create three-dimensional models of monuments and excavation sites. These
models assist in research and restoration.

3. Thermal Imaging

Thermal sensors detect temperature differences in the soil. Buried structures often retain heat differently,
helping archaeologists locate hidden remains.

4. Monitoring and Conservation

Drones help monitor heritage sites against illegal excavation, encroachment, erosion, and environmental
damage.

5. Surveying Difficult Terrain

Drones can access mountains, deserts, forests, and dangerous locations where traditional surveys are difficult.

Integration of GIS and Drone Technology

The true strength of modern archaeology lies in combining GIS and drone-based data collection.

Drones gather aerial images, elevation measurements, and environmental data. GIS then organizes and
analyzes this information into interactive digital maps. This integration creates highly accurate representations
of archaeological landscapes.

For example, a drone may capture thousands of overlapping photographs of an archaeological site. GIS
software processes these images into orthographic maps, digital elevation models, and 3D terrain
visualizations. Archaeologists can then analyze settlement distribution, structural alignments, and environmental
changes with remarkable precision.

This combination allows researchers to conduct non-destructive archaeological studies while preserving fragile
sites.

Applications in Indian Archaeology

India possesses one of the richest archaeological traditions in the world. GIS and drone technology are
increasingly being used to study ancient Indian civilizations and heritage sites.

Indus Valley Civilization

Researchers have used GIS mapping to analyze settlement patterns of the Indus Valley Civilization. Ancient trade
routes, water systems, and urban planning have been studied using spatial analysis.

Drone surveys have also helped document sites such as Dholavira and Rakhigarhi. High-resolution imaging
allows archaeologists to study city layouts without extensive excavation.

Temple Architecture Documentation

Drones are increasingly used to create digital records of ancient temples and heritage structures across
Karnataka. High-resolution aerial photography and three-dimensional mapping help preserve
architectural details and support restoration projects.
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Important Karnataka sites benefiting from digital archaeology include:

. Hampi

. Badami Cave Temples

. Pattadakal monuments

. Aihole temple complexes

d Belur and Halebidu Hoysala temples

Bhimbetka Rock Shelters

GIS mapping has supported the study of prehistoric settlements and cave paintings at Bhimbetka. Spatial
analysis helps researchers understand habitation patterns and environmental conditions.

Heritage Conservation

Indian heritage authorities increasingly use drone surveillance to monitor illegal construction and
encroachment near protected monuments.

Major Archaeological Case Studies in Karnataka
Hampi

Hampi, the capital of the Vijayanagara Empire, represents one of the most important archaeological landscapes
in India. Drone surveys and GIS mapping are used to document temple complexes, roads, water systems, and
ruined urban settlements. Three-dimensional digital models help researchers study urban planning and
architectural design.

Badami

At Badami, drone imaging assists in documenting cave temples and surrounding geological formations. GIS
analysis helps researchers study settlement patterns and defensive geographical features.

Pattadakal

GIS mapping and aerial photography support conservation efforts at Pattadakal, a UNESCO World Heritage
Site known for Chalukyan architecture.

Aihole

Often called the cradle of Indian temple architecture, Aihole contains numerous early temple structures. Drone
archaeology helps create digital archives and architectural surveys of the region.

Sannati

GIS technologies have supported archaeological exploration at Sannati, an important Buddhist heritage site in
Karnataka. Spatial analysis helps researchers understand ancient settlement organization and trade
connections.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM63409 | Page 4


https://ijsrem.com/

J".", ‘33‘
¢ TISREM 3!

s=~afZ International Journal of Scientific Research in Engineering and Management (IJSREM)
fa) Volume: 10 Issue: 05 | May - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

Advantages of GIS and Drone Archaeology

1. Non-Destructive Research

These technologies reduce the need for unnecessary excavation, preserving fragile archaeological remains.
2. Time Efficiency

Large areas can be surveyed quickly compared to manual exploration.

3. High Accuracy

GIS mapping and drone imaging provide precise measurements and detailed documentation.
4. Cost Effectiveness

Drones are cheaper than aircraft-based surveys and reduce fieldwork expenses.

5. Better Preservation

Digital archives help preserve information even if physical monuments are damaged.

6. Improved Accessibility

Researchers can study remote or dangerous regions without direct physical access.

Challenges and Limitations

Despite their advantages, GIS and drone archacology also face several challenges.

1. High Initial Costs

Advanced drones, sensors, GIS software, and training programs can be expensive.

2. Technical Expertise
Archaeologists must learn data processing, GIS analysis, and drone operation.
3. Legal Restrictions

Many countries have strict drone regulations near heritage zones and urban areas.

4. Data Management

Large amounts of aerial data require powerful storage systems and processing software.

5. Environmental Factors

Weather conditions such as rain, wind, and extreme heat can affect drone operations.
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Future of GIS and Drone Archaeology in Karnataka

Karnataka possesses a rich archaeological heritage ranging from prehistoric rock shelters to medieval temple
architecture and imperial urban centers. Many sites remain partially explored, making digital archaeology
increasingly important.

Government organizations, universities, and heritage conservation authorities are gradually adopting GIS
mapping, drone imaging, LiDAR surveys, and remote sensing technologies for archaeological research and
preservation in Karnataka.

Future developments may include artificial intelligence-assisted archaeological mapping, automated drone
surveys, virtual reality recreations of ancient Karnataka cities, and improved digital heritage archives.

As urbanization and environmental threats continue to affect historical monuments, GIS and drone
archaeology will play a major role in protecting Karnataka’s cultural and archaeological legacy for future
generations.

Conclusion

GIS mapping and drone archaeology have transformed archaeological research in Karnataka by introducing
faster, safer, and more accurate methods of exploration and preservation. These technologies allow
archaeologists to study temple architecture, ancient settlements, prehistoric sites, and historical landscapes
without excessive excavation or physical damage.

The combination of GIS spatial analysis and drone-based imaging has become especially valuable at major
Karnataka heritage sites such as Hampi, Badami, Pattadakal, Aihole, and Sannati. Digital archaeology improves
documentation, conservation planning, and historical interpretation while preserving fragile cultural remains.

Although challenges such as technical costs, training requirements, and legal regulations remain, the benefits
of GIS and drone archacology greatly outweigh their limitations. As technology continues to evolve, these
methods will become essential tools for preserving Karnataka’s rich archaeological and historical heritage.
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