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Mahabalipuram, situated about 
60 km south of Chennai in Tamil 
Nadu, is an ancient port town.

Copyright Journal of Ocean Technology 2022
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Introduction
Coastal areas have been playing an important 
role in overseas trade, commerce, and in the 
exchange of culture and ideas since antiquity. 
These past activities have left their imprints in 
the form of built structures (such as ports, forts, 
religious buildings, submerged structures, and 
shipwrecks), historical records, oral tradition, 
and folklore. The study of these past remains 
and records helps us in understanding the 
trade routes, economic, social, political, and 
natural environment of the past. Maritime 
archaeological studies include the investigation 
of sites and associated features ranging 
from submerged sites in the offshore areas 
to the sites situated a few kilometres inland 
depending on the maritime history and 
geomorphology of the coast. 

Geospatial technology, which includes remote 
sensing and geographic information systems 
(GIS), offers non-destructive, time- and cost-
effective methods to 1) explore archaeological 
remains; 2) identify focus areas for ground-
based investigations; 3) investigate the spatial 
distribution and patterns of sites; 4) monitor 
the threats due to encroachment; and 5) testify 
historical records, ancient text, and folklore. 

This essay first briefly outlines the main 
concepts of applications of remote sensing in 
archaeology in general and then elaborates 
analysis of archaeological landscapes in 
coastal areas together with specific case 
studies of a few coastal sites.

Concepts of Remote Sensing in Archaeology
Remote sensing refers to the acquisition of 
data about the Earth surface without making 
physical contact with the object from a 
variety of platforms, ranging from satellites 
hundreds of kilometres above the ground 
to ground-based data acquisition systems 
such as terrestrial laser scanners and ground 
penetrating radar. The sensors from satellite 
and aerial platforms allow us to capture the 
differences in the electromagnetic radiation 
reflected or emitted from various objects on 
the Earth surface through different sensors. 

The radiation emitted or reflected from any 
object is different at varying wavelengths and 
this variation is called spectral signatures. 
These radiations are recorded by sensors and 
converted into digital images. The images 
provide a synoptic view of the landscape at 
different wavelengths that can be analyzed 
and interpreted using image processing and 
GIS software. 

There are a variety of remote sensing data 
available depending on the platform and 
sensors used to image the surface. Initial 
remote sensing based archaeological surveys in 
the early and mid-20th century used balloons, 
kites, and aircrafts. Later, with the launch of 
Earth observation satellites in the 1970s, use of 
satellite data to study the Earth’s surface and its 
features became popular. The Earth observation 
satellites are sun-synchronous, i.e., they orbit 
pole to pole (at an altitude between 600 to 900 
km) at a slight off-pole angle (±5°) that enables 
every image of a location to be taken under 
near-similar illuminating conditions. 

Satellites can carry active sensors or passive 
sensors. Active sensors emit a pulse of energy 
and record the reflected energy, while passive 
sensors record the radiation reflected or emitted 
by the Earth surface. Certain specific bands of 
wavelengths of the electromagnetic spectrum 
are blocked by the atmosphere. Therefore, 
sensors are designed to record reflected or 
emitted radiation of specific spectral bands that 
are not blocked. Depending on the research 
questions, one needs to make a selection of 
images based on certain characteristics of the 
sensors. The most important ones are spatial 
resolution and spectral bands in which they 
operate. For mapping historical structure 
and its architectural layout, we require very 
high spatial resolution (0.3 to 1 m); for the 
identification of archaeological mounds, 
buried or overgrown moats, and low order 
paleochannels, high to medium resolution 
(1 m to 15 m) images are useful; and for 
understanding the paleo-coastal features such 
as paleo lagoon, high order paleochannel, 
beach ridges and its relation to the surrounding 
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environment, medium resolution (15 to 50 
m) data is often used. Similarly, different 
spectral bands are found useful for different 
purposes. For example, the visible bands 
(blue, green, red) are used to visualize remote 
sensing data in true colours; the blue and 
green bands are used to create satellite-based 
bathymetry as they have the greatest through-
water penetration; near-infrared (NIR) bands 
are used to visualize data in false colour 
composites (green, red, and near-infrared), 
which facilitates better interpretation of ruins 
and buried structures as they are indicated by 
patterns in vegetation; combination and ratio 
of bands such as green, NIR, and short-wave 
infrared fed are used to delineate water-bodies 
and coastline; microwave sensors permit the 
identification of sub-surface features and 
paleo-waterbodies. 

Image Interpretation for Archaeological 
Investigation
Satellite image interpretation requires 
knowledge of the spectral signature of 
different objects on the Earth, the ability 

to identify the top view of objects on a 
reduced scale, and an understanding of 
various interpretation keys such as tone, 
texture, shape, size, and pattern of the 
surface features, and their association with 
other features. Apart from these, some very 
important indicators for archaeological 
investigations include crop marks, vegetation 
marks, soil marks, shadows, field boundaries, 
and distinct patterns formed by land 
transformation. Crop marks are patterns 
of variation in crop growth due to the 
presence of buried hard structures or deep 
soil formed by filling moats, tanks, ponds, 
canals, and ditches (see diagram in Figure 1). 
Archaeological ruins often get strewn with 
wild vegetation and, hence, can be identified 
on satellite images based on rough texture and 
pattern created by trees and bushes and high 
reflection in the near infrared band. Variation 
in soil moisture due to subsurface anomaly 
created by buried archaeological features 
can also be discerned on satellite images 
of different seasons observing the tonal 
variation of soil (see Figure 2). These are 

Figure 1: Crop mark and vegetation marks.
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diagrammatically illustrated in Figures 1 and 
2 and their impressions on satellite images 
can be understood from Figure 3. Presence of 
surface and subsurface archaeological remains 
can be detected in land use transformation, 
especially where transformation is not 
mechanized as in the case of most rural areas. 
In such cases, land transformation occurs 
along the archaeological remains preserving 
their shape that can be traced on satellite 
images. Sometimes, features such as fort 
walls, rampart, or filled moats are transformed 
into paths and roads and, thus, preserve the 
shape of that feature. 
Remote Sensing for Studying the 

Archaeology of Coastal Areas 
Coastal regions are dynamic and coastlines 
keep changing. Coastal changes, especially 
the formation of depositional features, 
leave their marks on the surface, which can 
be identified in the satellite images. For 
example, paleo-strandlines, paleo-lagoons, 
beach ridges, and paleo-deltas can be 
detected using various resolution optical, 
multispectral, and radar images. Further, 
human settlements occupy the newly formed 
land or silted water bodies and, thus, leave 
a pattern on the surface that follows these 
geomorphic transformations. These patterns 
can be traced using high-resolution satellite 

Figure 2: Soil mark and shadow marks.

Figure 3: Begur Fort in south Bengaluru: (left) the circular shape visible as combination of vegetation mark and shadow effect; and (right) the 
same shape visible as combination soil mark and shadow effect.
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images. However, the availability of multiple 
temporal views of the region (in form of old 
maps or old aerial/satellite images) provide 
data points for spatial analysis. Integrated 
investigation of the paleoenvironment 
through remote sensing and spatial analysis 
helps in better understanding the location of 
the ports, hinterland, navigation routes, and 
past maritime landscape. 

GIS allows the integration of spatial 
information obtained from various sources 
such as old maps, textual records, and satellite 
images. Historical maritime charts offer 
great details of both coastal geomorphic 
features and manmade structures (mostly 
religious and military structures). Following 
are some examples for geospatial analysis of 
archaeological sites along Indian coasts.

Honnavar (Onor), Karnataka, India: We 
know from available historical literature 
that when the Portuguese attacked Honnavar 
(1569), it was a strong fort located on a hill 
along the north bank of the mouth of river 
Sharavathi; Portuguese occupied the fort 
and renamed it Santa Catherina instead, 
following which Honnavar became their 
principal port for the export of Kanara 
pepper. The original fort was burned by the 
Portuguese and a new one was constructed 
on the same site. A local ruler, Sivappa 
Nayak, took over Honnavar from the 
Portuguese in 1654. However, the exact 
location of the fort has remained unknown 
or unexplored in recent times. Available 
material also does not provide an exact 
location or description to find this fort and 
its existence has also faded from living 
memory of the local population. The most 
reliable source of spatial information of 
the fort has been the historical cartographic 
documents. However, Onor (Honnavar) Fort 
is found only in Portuguese maps. An atlas 
titled Ensaio de iconografia das cidades 
portuguesas do ultramar by Luis Silveira has 
a collection of six historical maps of Onor 
Fort, published in the 17th and the first half 
of the 18th centuries (Figure 4).

The spatial context of the fort is assessed by 
analyzing the relative position of natural and 
manmade features depicted on maps, and the 
textual description of its situation. None of 
the maps acquired by the time of the present 
analysis (maps provided in Figure 4) had 
information on orientation. Therefore, the 
identification of the orientation of the maps 
and features depicted in them – such as the 
protruding hilly landmass (Tanmadgi village, 
in Honnavar Taluk) at the nose of confluence 
of two rivers flowing along either side of the 
fort – has been identified on the satellite image. 
The visual analysis suggests that the maps are 
oriented to the west-north-west direction. Later, 
a map published in João Teixeira’s atlas in 
1630 was found. This map has a compass rose 
to mark the north whose orientation matches 
the direction identified through previous 
analysis. This instance further substantiates 
that geomorphic features on these maps play 
an important role in studying cultural features. 
Although Onor’s map in Teixeira’s atlas marks 
direction, the shape of the fort is not properly 
depicted. This further highlights the need for 
mining information from multiple maps. 

The physical features (especially the 
protruding hilly landmass) identified on 
these maps were further investigated on 
the satellite image to find any cropmark or 
pattern. The satellite image analysis revealed 
a promising positive cropmark of the shape 
of Onor Fort as depicted in a few of the maps 
(refer to Figure 4E and 4D). These marks 
were found on a hill. The location of the 
identified cropmark was saved in a handheld 
GPS device, which was used to visit the 
location on ground. An old stone wall and 
foundation of a broader structure (most likely 
a bastion of the fort) were observed on the 
site (refer to Figure 4G and 4H). A resident 
of that place, during an informal interview, 
stated that the place was his ancestral 
property which was around 300 years old.
Integration of spatial information from old 
maps, historical texts, and ground observations 
suggest that Onor Fort was situated on a hill 
at 14°17'1.41"N latitude and 74°28'37.62"E 
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longitude. The approximate area of the fort 
estimated using shape, pattern, and cropmark 
is 20 acres. There are no remains of any 
superstructure of the fort; only its foundation 
can be seen in some parts. To better understand 
the layout of the fort, excavation at the site and 
a detailed study of architecture and construction 
material can be carried out in the future. 

Kollam (Coylan/Quillon), Kerala, India: 
Two Portuguese atlases (dating from 1630 and 
1635) illustrate several port sites on India’s 
west coast. The forts and other buildings are 
depicted in an oblique or isometric view. 
Both these atlases have almost the same set 

Figure 4: Identification of Onor (Honnavar) Fort using historical maps, satellite image and digital elevation model. A,B,C and D are Portuguese 
maps (source: Silveira, Luis. 1957. Ensaio de Iconografia Das Cidades Portuguesas Do Ultramar, Vol-III.); E and F are images from Google 
Earth; G and H are ground photographs.

of sites; the latter is not a copy of the former 
but probably used the former as source of 
information, and both are not to scale. Figure 
5B shows the port of Kollam (Covlao) from 
the earlier atlas and Figure 5C shows the same 
port (Covlam) from the later atlas. The former 
map includes details such as the title, labels, 
and direction, whereas the latter omits these 
but shows greater architectural details. Figure 
5F is a pen and brush drawing titled View of 
the Fort at Coilan by Johannes Rach, made 
between 1760 to 1780. This drawing shows 
the bay as viewed from the east (facing west), 
centred on the three-storey building. Based 
on this evidence, we hypothesize that this 
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corresponds to the three-storeyed ruins of the 
central tower (Figure 6E) of Fort St. Thomas 
(Forte de São Tomé, also known as Tangasseri 
Fort) protected by the Archaeological Survey 
of India (Innes, 1997). The location of this 
tower is marked F1 in Figure 5.

Here again, the available historical spatial 
records are inadequate to find the exact 
location and contours of the old forts. 
However, since we know the coordinates of 
the three-storeyed structure in these figures, 
we can look for patterns in satellite imagery 
to identify the walls of the inner fort and the 
outer fort (Figure 6). The moat surrounding 

the inner fort has left traces in the form of 
positive crop marks, but these are challenging 
to identify because several modern buildings 
obscure the shape. However, we were able 
to confirm our hypothesis when we visited 
these locations for ground truthing and found 
evidence of ruins of the fort wall and adjacent 
depressions of the moat. We were unable to 
detect crop or soil marks corresponding to the 
walls of the outer fort. However, the pattern 
is well preserved in the roads, including the 
distinctive V-shaped indentation seen in Figure 
6. As noted earlier, paths and roads may run 
parallel to former fort walls and preserve their 
shape. Our analysis of Kollam demonstrates 

Figure 5: Maps and paintings depicting the oldest fortress structure in Kollam; F1 is the fortress; F2 is the location of a bastion identified in 
Dutch maps and validated on ground (refer Table 1 for the source of maps). Source of painting [G]: http://www.atlasofmutualheritage.nl
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Figure 6: Identification of extent of Portuguese and Dutch Fort of Kollam and their reduction. 1 and 2 are ground photographs. (Source of the 
maps: refer Table 1) 

that historical paintings are valuable sources 
of spatial information. For sites in India, 
we believe that the wealth of paintings and 
drawings made in the 18th and 19th centuries 
CE are a largely untapped resource, and 
remote sensing and GIS have the potential to 
harness these valuable records.

Mahabalipuram, Tamil Nadu, India: 
The name “Seven Pagodas” has served as a 
European name for the south Indian port of 
Mahabalipuram. Seven freestanding temples 
were visible near the shore to maritime 
travellers who sailed passed this site during 
medieval times, and this unique landmark gave 
the site the toponym Seven Pagodas. This port 
city has many monuments from the Pallava 

dynasty dating from the 7th to the 9th centuries 
CE; however, from at least 1788 until recently, 
only one – The Shore Temple, built in the 8th 
century CE – stands close to the shoreline (there 
are more temples inland, and submerged ruins 
as well). This has led to much speculation about 
which seven monuments were being referenced, 
whether they are on land or are submerged, and, 
consequently, whether the shoreline has moved 
inward or outward. 

A Dutch portolan chart from 1670 may resolve 
this mystery. It marks seven shrines along a 
coastline whose shape differs from the modern 
coastline (Figure 7). Since this map dates from 
a period when the site acquired its name Seven 
Pagodas, it could be used to identify these 

Figure 6: Identification of extent of Portuguese and Dutch Fort of Kollam and their reduction. 1 and 2 are ground photographs. (Source of the 
maps: refer Table 1) 
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Table 1: List of maps used in Figure 6.

seven monuments. Our study has compared 
a 17th century portolan chart (maritime map) 
and recent remote sensing data, which throws 
new light on the name Seven Pagodas for the 
city. This study has used a digital elevation 
model (DEM) of the site to simulate the 
coastline which is similar to the one depicted 
in the old portolan chart. Using this DEM, 
an analysis of the erstwhile coastline (Figure 
7A) and corresponding extent of flooding 
was conducted according to topography of 
the area, and the effect on monuments was 
studied. By comparing the shapes of the seven 

monuments marked on the portolan chart 
with the monuments and their distribution 
on the ground, this work identified the seven 
monuments that possibly constituted the seven 
pagodas, providing an alternate explanation to 
one of the mysteries of history. In addition, the 
similarity in coastline was further validated by 
agreement with a paleo-strandline identified 
in multispectral satellite imagery; using the 
date of the map, we are able to, therefore, date 
the strandline. Therefore, our research has 
made a small contribution to understanding the 
morphology in space and time, of the erstwhile 
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coastline marked in the portolan chart. As 
can be observed in an image of 2019 (Figure 
7B) the coastline is not as clearly visible as 
in the image of 2004 (Figure 7A) due to the 
urbanization that can be seen in the former. 
This highlights the importance of historical 
satellite imagery which can reveal features 
obscured by more recent developments.

We are presently investigating the potential 
of this technique to identify sea levels in the 
late medieval age (14th to 16th centuries 
CE) in a systematic exploration of the entire 
coastline of India. The results of such studies 
should provide further data on the shape of 
past coastlines to assist geomorphologists, 
oceanographers, and climatologists in 
refining existing coastline evolution models. 
In addition, this line of research can also 

help in identifying lost or submerged coastal 
archaeological sites, and in identifying sites 
that are vulnerable to coastal dynamics.

Challenges and Future Possibilities
Satellite-based remote sensing data is valuable 
for archaeological explorations in the coastal 
areas, understanding the larger context of 
an archaeological site, and investigating the 
geomorphological dynamics of the coast and its 
effect on the site as demonstrated by the case 
studies in this essay. Analysis of the largely 
untapped but abundantly available resources 
of old maps provide unequivocal information 
about the condition and shape of coastline in 
the last ~500 years. These resources, tools, and 
techniques are also of great value for cultural 
resource management. However, they have 
limited application for underwater archaeology. 

Figure 7: (a) Locations and distribution of free-standing monuments at Mahabalipuram as seen on Google Earth image of August 2004; (b) 
same area seen in April 2019; (c) a portion of the Dutch Portolan chart of 1670 showing the monuments; (d) ground photos of the monument: 
1-Shore Temple, 2-Olakkanatha or light house temple, 3-Ganesha ratha, 4-Mukunda nayanar temple, 5-Valiyankuttai ratha, 6- and 7- the two 
Pidari rathas, X-the five Pandava rathas. 



The Journal of Ocean Technology, Vol. 17, No. 2, 2022   43Copyright Journal of Ocean Technology 2022

The interpretation of underwater features 
is limited to anomalies in satellite-derived-
bathymetry and its spatial context, which is 
also limited by its obscureness. Further, unlike 
ground truthing of archaeological features 
identified through remote sensing analysis on the 
land surface, underwater validation requires huge 
funds, expensive instruments, and diving skills or 
high-resolution sonar scanning, which is, again, 
a costly and time consuming affair. The use of 
airborne laser bathymetry has demonstrated great 
potential in mapping submerged archaeological 
structures in great detail. However, the 
acquisition of lidar data is still a challenge. 

Another important but largely unexplored 
source of information of the underwater sites, 
especially the sites that were submerged in the 
recent centuries, is historical maritime charts 
and coastal maps. As these maps were made 
for navigation purposes and safe landings, 
they depict important landmarks that were 
seen by sailors approaching the coast and 
represent coastline as best understood with 
their knowledge and surveys. These maps are 
best read when studied with remote sensing 
data. Absence of any landmark marked in these 
maps and traces of shoreline recession on the 
satellite images could indicate potential areas 
for detailed underwater investigation. 

The ability of satellite data in revealing the 
patterns of the past activities and the power of 
GIS in integrating the multifaceted data has 
revolutionized archaeological investigations. 
Archaeological investigations in coastal areas 
become even more important as they not 
only contribute to archaeological studies but 
also help in understanding coastal dynamics. 
Most of the underwater archaeological sites 
are terra incognita and we need to go for 
extensive lidar based surveys or echosounding 
or side scan sonar techniques, but for coast, 
shoreline, and shallow water, geospatial 
analysis has much potential.  u 

Professor M.B. Rajani is an associate 
professor at the National Institute 
of Advanced Studies, Bangalore. 
Her research has two inter-related 
facets: analyzing cultural landscapes 
using geospatial data to identify new 
features of archaeological interest 
and advancing the usage of such 
analysis towards preservation of 

built heritage in the face of rapid urbanization. Her primary 
scientific contribution has been to develop a methodology 
for detecting tell-tale signs of past human activities on 
landscapes from satellite imagery and integrating these 
findings with other spatial data to generate new inferences 
and novel hypotheses about the past. Her work has, 
therefore, expanded the field of archaeology to include the 
study of human impact on landscapes. Her recent book 
Patterns in Past Settlements (2021) aims at imparting this 
knowledge to larger research and academic communities. 
She is a member of the Indian National Young Academy 
of Science 2018-2022; a Young Affiliate 2019-2023 of The 
World Academy of Sciences; and recipient of Rachapudi 
Kamakshi Memorial Young Geospatial Scientist Award 2011 
and P.R. Pisharoty Memorial Award 2019 awarded by the 
Indian Society of Remote Sensing.

Dr. Ekta Gupta is an early career 
fellow at Archaeological Sciences 
Centre, Indian Institute of Technology 
Gandhinagar, Gujarat. She conducted 
her doctoral research at the National 
Institute of Advanced Studies, 
Bengaluru, India, under Prof. M.B. 
Rajani. She completed a M.Tech. in 
geographic information system (GIS) 

from NIIT University, Rajasthan, and a M.A. in geography 
from Savitribai Phule Pune University, Pune. She has been 
researching various applications of remote sensing (RS) 
and GIS. Since 2015, she has been primarily working on 
the application of RS and GIS in the study of historical 
cartographic documents, heritage studies, landscape 
archaeology, geoarchaeology, and geomorphology. Her 
doctoral thesis has demonstrated the methods and scope 
of the study of early cartographic records in advancing 
the understanding of maritime archaeology and coastal 
geomorphology. Her work has contributed to explorations 
of hitherto unknown archaeological sites and pointed to 
several potential sites. She has published and presented 
her work in reputed national and international forums.

View publication statsView publication stats

https://www.researchgate.net/publication/361276019

