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India, one of the world’s oldest civilizations has a rich, diverse and all-embracing treasure trove of history, culture and heritage. This includes
both tangible and intangible entities which have been handed down as a legacy from ancient times and is being kept alive generation after
generation. Heritage sites are locations recognized as objects of outstanding significance and universal value, which are unique and irreplaceable.
Hence such sites are significant as they serve as educational and inspirational beacons for humankind.

Over time several heritage sites have been effected by natural processes and human activities. Noting this, the United Nations Educational,
Scientific and Cultural Organization, in its Convention Concerning the protection of world natural and cultural heritage 1972 has urged the
international community to protect, conserve and promote heritage of exceptional value through collective efforts. Concerted efforts through
scientific and technological research can help reach this goal. The rapid technological development in geospatial technology and allied fields
has provided us with a platform to document, monitor and manage this valuable asset for future generations.

At this juncture it is wonderful to note that the Indian Institute of Remote Sensing (IIRS), Dehra Dun is bringing out an illustrative compilation
titled Exploring Footprints of the Past: Heritage Documentation - A Geospatial Approach showcasing the research outputs for documentation and
damage assessment of important heritage sites in India using ground and space based sensors. This is an innovative research approach towards
studying heritage. The Atlas is an informative and creative presentation of select Indian heritage sites from many perspectives. The purpose of
the Atlas is to highlight the role of remote sensing and geospatial technology in the documenting and monitoring of the sites.

I believe that this Atlas will play an important role in disseminating knowledge about precious built heritage through the use of spatial
information acquired with remote sensing. I am also hopeful that this effort will help people to appreciate the visual representations provided
by terrestrial and space borne sensors and encourage the future generation to cherish their shared inheritance. I acknowledge the efforts in
bringing out this atlas and congratulate all those who have contributed to this compilation.
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Dated: October 17, 2022 (S. Somnath)
Chairman, ISRO
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Culture is the backbone of every country and society and plays an important role in linking the past, the present and the future, forming a basis
for building a strong nation and national identity. Shared heritage has a positive influence on many aspects of the way a community develops.
Considering the increasing threat to cultural and natural heritage, the historic 1972 UNESCO Convention Concerning the Protection of
the World Cultural and Natural Heritage was passed. It is noted and highlighted that several monuments around the world, have suffered
significant damages due to reasons ranging from environmental to anthropogenic. The concept of world heritage compels us to think beyond
our regional, national, and geographic boundaries.

Rapid changes in technology over the past half century have enabled wide and successful application of geospatial tools in different domains.
The use of ground and space based sensors for archaeological and heritage studies has developed considerably in recent times. Multi- platform,
multi-spectral, multi-temporal and multi-scale data helps identify and better study these heritage locations. The utilization of geospatial
techniques and methods also plays an important role and has great potential in the documentation and management of built heritage sites.

It is a commendable effort by the Indian Institute of Remote Sensing (IIRS), Dehra Dun to bring out an interesting and informative compilation
titled Exploring Footprints of the Past: Heritage Documentation - A Geospatial Approach. This Atlas presents an impressive collection of images,
3D models and derived products from ground and space based sensors representing important built heritage sites in India. The images are
only a small example of a potentially huge analytical capability that is available to various stake holders of heritage resources. The purpose in
presenting images and outputs of the World Heritage sites in this volume is to demonstrate the utility of imagery and geospatial methods for
improving understanding of these sites, and the threats they face, as a tool for their improved management.

I hope this atlas will encourage the wide use of science and technology across the world for the preservation of our shared heritage. Only the
combined effort of all sources of expertise and all shareholders will allow to us preserve our common heritage for future generations to enjoy.

Mewttf)

October 19, 2022 Y O (Prakash Chauhan)
Director, NRSC
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India’s cultural heritage is not only one of the most ancient but it is also one of the most varied. India, due to its rich and precious cultural
and natural heritages, is known as the land of great wonders and diversities. Cultural heritage includes all those aspects or values of culture
transmitted to human beings from their ancestors from generation to generation. They are cherished, protected and maintained by them with
unbroken continuity and they feel a common bond because of it. Cultural heritage refers to the physical and cultural assets, both tangible and
non-tangible, passed on to us by our previous generations. Built heritage is an essential part of cultural heritage.

Unfortunately, our heritage assets are in danger. Situations of conflict and war, natural disasters, pollution, poaching, uncontrolled urbanization
and tourism activities are a few reasons that responsible for the damage of common heritage of humanity. Several monuments in India, and
around the world, have suffered significant damages due to reasons ranging from natural to human induced. The conventional approaches for
heritage documentation are based on manual process and are hence time and cost extensive. Digital documentation and damage detection of
cultural heritage is therefore essential for their preservation and protection. Approaches based on geospatial methods for comprehensive digital
documentation of cultural heritage need to be explored and techniques and instruments capable of providing multi-dimensional information
quickly and easily can be employed for this purpose.

It gives me great pleasure that the Indian Institute is bringing out a pictorial compilation in the form of an Atlas. This Atlas highlights research
results of new digital technologies has revolutionized the practice of documenting built heritage sites. It also presents illustrative outputs
obtained from the application of geospatial methods that offer new opportunities for collecting, analyzing and disseminating information
about heritage sites.

The Atlas titled Exploring Footprints of the Past: Heritage Documentation - A Geospatial Approach is being brought out with the aim to contribute
to share our knowledge in the field of documentation of built heritage, especially in subjects such as advanced 3D documentation, modelling
and reconstruction of cultural heritage objects, monuments & sites.

I am sure this volume will play an important role in disseminating awareness about heritage documentation and the cutting edge technological

3 tools available through a combination of easy to understand text with high resolution images. qa
P § ’ ¥ 8 ITEATEHE
< October 19, 2022 (R.P. Singh)

Director, IIRS
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ABOUT
EXPLORING FOOTPRINTS
OF THE PAST

Historical structures are one of the most essential element of cultural heritage.
These historical structures and sites are threatened by various factors such as
natural disasters, vandalism, development of cities, and aging. One would
require comprehensive documentation of a structure to be able to better
understand its condition. 3D digital documentation is a very effective way
of monitoring structures over a period of time. Geospatial technologies
has a huge potential for 3D documentation of built cultural heritage. This
technology allows generation of realistic 3D models which can be used for
historical documentation, digital preservation and conservation.
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This atlas demonstrates the utility of using ground and space based sensors to
carry out a comprehensive (internal and external) multiscale documentation
of heritage monuments. This would enable digital blue printing , damage
detection, structural health monitoring and reconstruction of conjectural
scenario at very high resolutions.

To demonstrate the usefulness of the technique, UNESCO heritage sites of
Humanyun’s tomb, Qutub Complex (Delhi) and Nalanda Mahavihar (Bihar)

have been taken up as case examples.
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Humanyun’s Tomb, Delhi
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Jain Temples, Qutub Complex, New Delhi
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Earth Observation: An Eye in the Sky

REMOTE SENSING IMAGES

Remote sensing images can provide valuable clues to study signatures of
buried structures, anomalous heat emissions and texture differences indicating
potential areas of past activities.

The latest potentials of space-based observation and technological advancement -
both in terms of availability of satellite sensors and processing capability- provides
an effective tool for documentation and management of heritage structures
and sites.
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Data acquisition using Close range Photogrammetry

PHOTOGRAMMETRY

Photogrammetry is used in different applications like mapping, 3D
documentation, conservation, digital restoration, visualisation, animation,
urban planning, deformation analysis, etc. Image-based modelling techniques
(mainly photogrammetry and computer vision are generally used in cases of
monuments or architectures with regular geometric shapes. 3D Modelling of
the ground based objects carried out using images acquired with handheld
cameras is known as Close Range Photogrammetry. 2D image measurements
from two or more overlapping images data can be transformed into 3D
information using mathematical formulation. Common points on overlapping

Mindrolling Monastery, Dehradun :
(a) Shaded Model, (b) 3D Point Cloud, (c) Textured Model
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images are used to orient the images and create 3D geometry.

DLSR cameras
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Mindroling Monastery, Dehradun
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LASER SCANNING

Laser scanning is the process of recording precise three-dimensional
information of objects. Terrestrial laser scanners are ‘ground-based devices’
that can be used to scan ata range of scales from tiny objects to vast monuments
or entire sites. It generates a dense point cloud over the surface of an object
by using a laser beam. The beam strikes the object at fixed angular intervals in
the horizontal and vertical direction. The time required for the beam to strike
the surface and return to the sensor is measured, and the location of the point
where the beam struck the surface is estimated. The sampled points can be
utilised to create 3D models and extract other vital information.
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UNMANNED AERIAL VEHICLE (UAV)

Unmanned Aerial Vehicle (UAV) surveys has increased significantly over
the past few years. Such systems allow rapid collection of high-quality
data at a different scale. This speed and flexibility makes it an excellent
choice for topographic surveys, archaeological aerial reconnaissance and
recording archeological monuments. From their use as survey devices to
their application as cost-effective and highly maneuverable documentation
platforms, UAVs have indeed positively altered many aspects of
archaeological geospatial data collection in the past decades.
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GLOBAL NAVIGATION SATELLITE
SYSTEM (GNSS)

Global Navigation Satellite System (GNSS) refers to a constellation of
satellites providing signals from space that transmit positioning and timing
data to GNSS receivers. The receivers then use this data to determine
location. It is used in a wide range of applications such as terrestrial survey,
high-resolution mapping of archaeological sites etc. Archaeologists have
long recognized that precise three-dimensional coordinates are critical for
recording objects and features across sites and landscapes. GNSS technology
provides all the essential technological amenities in order to reduce errors
and increase the accuracy of the measurements.
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NALANDA MAHAVIHAR

Historical Significance

Nalanda Mahavihar was a renowned Buddhist monastic university in ancient Magadha (modern-
day Bihar), India. It was one of the world’s very first residential university, and among the
greatest centers of learning in the ancient world operating from 427 to 1197 CE. Nalanda was
established during the Gupta Empire. Nalanda Mahavihara taught six major Buddhist schools
and philosophies. According to descriptions Huen Tsang, it gained importance as a centre of
excellence in Buddhist learning somewhere around seventh century CE. It was destroyed by the
troops of Muhammad bin Bakhtiyar Khalji, partly restored thereafter, and continued to exist till
about 1400 CE.
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by numerous stupas some of which have been built with bricks inscribed
with passages from sacred Buddhist texts. The apex of Temple no. 3 features
a shrine chamber which now only contains the pedestal upon which an
immense statue of Buddha must have once rested.
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Terrestrial Laser Data: 2020

Peering through the sands of time

Alexander Cunningham visited Nalanda in 1861 and made detailed
observations and measurements. ASI has conducted excavations in several
phases, the earliest in 1863 and the most recent in 1983. Temple no. 3 (also
termed Sariputta Stupa) is the most iconic of Nalanda’s structures with
multiple flights of stairs that lead all the way to the top. Sariputta was among
the two chief disciples of the Buddha. Temple 3 stands over 100 feet high. Its
elevated stupa was accessed by a staircase, seen here, on the north side of the
monument. Smaller stupas surround the platform, and original plasterwork
is preserved on the NE and SE corners. The temple underwent seven stages
of remodelling between 300 BC and 1100 AD. The great stupa was built in
the Gupta period. It is this (fifth) layer that is mostly visible today, although

traces of the other layers can also be followed.

All Images: From the collection of Archaeological Survey of India
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Excavated remains of Nalanda Mahavihara
85°26'30"E 85°26'35°E 85°26'40"E 85°26'45"E
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& \ g Excavated Remains
e : Legend
i F-=-q Asi Boundary After excavation, 11 monasteries and 6 major brick temples arranged in an
e (] onestiey ordered layout were revealed. All the monasteries at Nalanda are very similar
" (5] Temgee in layout and general architecture. A 30 m wide passage runs from north
z z to south with the temples to its west and the monasteries to its east. (ASI,
= B 2014). Temple 3 in the south was the most imposing structure. Temple 12,
] o Se—— : i 13, 14 face the monasteries and face east. Temple 2 was to the east. General
! plan of monastery involves a rectangular form with a central quadrangular
Ko court surrounded by a veranda bounded by an outer row of cells. The central
! v cell facing the entrance leading into the court is a shrine chamber.
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(From the collection of Archaeological Survey of India)
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Granary in the Vihar

Technology Rebuilding the past........
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Viharas of Nalanda were of common type. The general plan formed a
rectangle bounded by an outer cell with an open veranda. The important
feature of the vihara was a collection of smaller monastic blocks arranged in
a line on one side with shrines, pavilions, courts, etc on the other, the two
being enclosed by walls and thus forming one whole. The planning system
and architectural forms evolved here were followed by later mahavihara
in the region. Nalanda Mahavihar provided free lodging, food, clothing,
and education to its residents. As per Hiuen Tsang, the number of priests,
students, and guests present in the university were always around 10,000.
Foreign scholars from China, Korea, Tibet, and Tokhara were regular visitors

at Nalanda.

i R T s ! By (e, e

Monastic blocks and shrines From the collection of Archaeological Survey of India (a & c)
Present day laser scan (b & d)
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Laser Scanning Data Collection

In order to scan the monument proper network design is necessary for
acquiring all the details. Since the monuments have complex shape, vast
expanse, height and tapering structures, calculating the amount of overlap and
the number of datasets (laser scans and photographs) becomes complicated.
The shape of the structures is generalized and multiple datasets are acquired
with a higher overlap percentage of 90% to capture the details of structure
and its engravings. The individual laser datasets were co-registered to generate
3D point cloud. Point clouds obtained from the close range photography
was integrated with TLS point cloud to obtain maximum point density and
seamless view.
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Technology Revolutionizing Archaeology :
Digital Blueprinting

Conventionally, drawing representations such as engineering drawings or
artistic works are been used for documentation. This gives high accuracy and
provide finer details. For viewing purposes to provide a 3D perspective to the
viewers, scaled handmade models are also used. Digital documentation has
seen significant growth in research due to the development of new techniques
and improvement of new sensors and data capture methodologies. The
current technology allows us to create digital 3D models which opens up the
possibilities for its use and extends it to beyond just visualisation.
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Digital Blueprint: Sariputta Stupa
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Present day Laser Scan : Monastery

Addition of roof on the ground floor rooms
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The blue coloured area shows the actual height of rooms

Rebuilding the past : A Conjectural scenario

Conjectural reconstruction refers to the rebuilding of monuments and
sites that have been destroyed due to accident, natural calamity such as
an earthquake, or human conflicts. Cultural heritage worldwide has been
affected and suffered losses due to increased natural disasters and human
conflict situations. This has led to attempts by World Heritage Committee
and UNESCO towards the reconstruction of damaged or destroyed sites.

Virtual Reconstruction via conjecture aims at preserving, as far as possible, the
historical and aesthetical values of the objects and informational authenticity.
Rebuilding heritage is important as lessons from the past can be a key to
improve present and future
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Conjectured view

Top Floor Rooms 1IN
Ground Floor Rooms
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Nagaraja: Height-1.23 m

Statues and Artefacts

m EXPLORING FOOTPRINTS OF THE PAST : HERITAGE DOCUMENTATION- A GEOSPATIAL APPROACH

Standing Buddha
Height-0.6 m

Samantabhadra statue

Vessel from Monastery

Footprints of the past : Statues and Artefacts

Artefacts are powerful means that serve as primary sources to study the
past and reflect culture in significant ways. Culturally, they are a powerful
connection of the past to the future. They can also function as a tool, to
depict an entire civilization.

The antiques found at the excavated site at Nalanda are housed in the
ASI museum. High resolution data for some of the statues and artefacts
were captured using laser scanner and cameras. Realistic 3D models of
the original terracotta seal discovered in 1861-62(on the basis of which
Alexander Cunningham announced the discovery of Nalanda), statues of
Nagaraj, standing Buddha and Samantbhadra, and vessels probably used in
the monastery are shown here.

University seal
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Virtual relocation of statue of Avalokiteswara. (Currently housed at the site museum)

Sariputta’s chaitya (also known as Stupa No. 3) This photo is from excavations during 1925-27.
(From the collection of: Archaeological Survey of India)

iRl &R BHeATHIaRT BT AT TR

Virtual Relocation of Statues and Artefact

The use of 3D scanning technology provides a novel perspective to science,
history and archaeology. This makes it possible to determine the surface
of an object in the form of a spatial point cloud along with applying the
actual texture. Coupled with virtual reality software it opens up possibility
of creating a realistic visualization experience through virtual 3D
walkthroughs, flythrough and facilitate the virtual museum application.
The acquired data are currently the most precise perpetual documentation
of the exhibits providing high quality and resolution for accurate metric
and spatial analysis.

The Bodisattava statue has been virtually recreated based on its laser scan and
then virtually relocated to the actual location from where it was excavated.

Bodhisattva statue: Laser data
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QUTUB COMPLEX

Historical Significance

Qutub complex includes monuments and buildings from the Delhi Sultanate in Delhi in Indiaand
hasbeen designated asa UNESCO world heritagessite. The complex was builtover demolished ruins
of ancient Jain and Hindu temples. It has monuments from Gupta Empire dating back to the 415
BCE to subsequent additions from the successive empires of Tughlags and Alauddin Khalji. Several
riseand fall of few glorious empires were witnessed by Delhi while frequently serving as their capital.
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. Madrasa and tomb of Alauddin Khalji
. Tomb of Iltutmish 3. Iron Pillar
. Qutb Minar 5. Alai Gate
. Tomb of Imanzam 7. Gateway
8. Alai Minar 9. Gateway
10. Major Smith Cupola 11. Chaumukha Gate
12. Main gate 13. Mosque
14. Rest House 15. Office

Legend

= QUTUB-D-DIN AIBAK (1191-1210)
= JLTUTMISH (1210-1235)

= ALA-UD-DIN (1295-1315)

ITTWNE

Site Plan

Qutub Minar

Qutub Minar, built with red and buff standstone is the highest tower in India.
It has a diameter of 14.32 m at the base and about 2.75 m on the top with
a height of 72.5 m. Numerous inscriptions in Arabic and Nagari characters
in different places of the minar reveal the history of Qutub. Construction of
the Qutub Minar “victory tower” in the complex, named after the religious

figure Sufi Saint Khwaja Qutbuddin Bakhtiar Kaki, was begun by Qutb-
ud-din Aibak, who later became the first Sultan of Delhi of the Mamluk
dynasty (slave dynasty). It was continued by his successor Iltutmish, and
finally completed much later by Firoz Shah Tughlaq, a Sultan of Delhi from
the Tughlaq dynasty in 1368 AD.
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Photorealistic Laser Data

Laser Data
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Tomb of lltutmish

Arches at entrance
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Alai Minar

Tomb of lltutmish

Jain Temple Pillar Tomb of Imam Zamin Iron Pillar

Historical Significance

The surrounding archaeological area contains many monuments, notably
the magnificent Alai-Darwaza Gate, and two mosques, including the
Quwwatu’l-Islam, the oldest in northern IndiaThe tomb of Iltutmish (AD
1211-36) was built in AD 1235. Itis a plain square chamber of red sandstone,
profusely carved with inscriptions, geometrical and arabesque patterns on
the entrances and the whole of interior. Other prominent structures in the
complex include Al2'i Minar which stands to the north of Qutb-Minar, and
was commenced by Alau'd-Din Khalji, with the intention of making it twice
the size of existing Minar. He could complete only the first storey which now
has an extant height of 25 m. The iron pillar which is 7.21-metre high and
weighing more than six tonnes is one of the world’s foremost metallurgical
marvels. The other remains in the Qutub complex comprise madrasa, graves,
tombs, etc.

Left to Right Images: Laser derived 3D model: Monuments of Qutub Complex
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Archiving Heritage :

Extracting Architectural Primitives

Architectural elements are those details and parts that together, form the
architectural style of buildings, and structures. Primitive based 3D modelling
can be used for automatic recognition and segmentation of heritage sites to
extract geometrical entities like walls, towers, roofs, slopes, etc. To extract
the architectural elements, integrated point cloud was utilised. The textured
point cloud was smoothed using a smoothing filter and was subjected to
edge extraction technique. The geometrical inaccuracies in the preliminary 3D Point Cloud Architectural element subset
edges obtained from above approach needs to be corrected and refined before
the drawing of individual architectural elements can be created. A certain
amount of manual editing was required for proper representation of the
architectural elements.
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Left to Right Images:
Extraction of Architectural Elements
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Digital Blueprinting

Reality capture solutions such as laser scanning are critical to generate
accurate blueprints of built structures especially those with heritage and
cultural importance, preserving them for future generations. Laser scanners
enable recording the current state of the monuments interior and exterior, as
well as create a precise 3D model of the structure. This is an important set
of data that will inform restoration experts on how to rebuild or repair the
structure and ensure long term survival of heritage monuments.

These digitally constructed blueprints of heritage sites highlight the vital role
of laser scanning and photogrammetry in heritage conservation.
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Left to Right : Digital Blueprints
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Damage

[ | Undamaged

(a) Broken Pattern

(b) Identifying broken area

(c) Identification of broken area

(d) Reconstructed Pattern

(a)-(d): Identification of Broken Pattern

(b)

Identification of Cracks :

(a) Laser data (crack in red circle),
(b) Crack on Laser Data,
(c) Identification of crack

Damage Detection and Virtual Reconstruction

Structural health of heritage structures should be assessed periodically to
ensure timely and appropriate intervention strategies for repair, restoration
and preservation. This can be ascertained by identifying damages, such
as cracks, broken parts, discolorations etc. Traditional methods of crack
identification involve visual inspection and in situ measurements which may
be time consuming and are invasive in nature unlike laser scanners. Camera
images and laser scan were synergistically used for automatic identification of
cracks and broken patterns in the heritage structures.

Left to Right : Damage Detection
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Virtual reconstruction of broken artefacts, Qutub Complex, New Delhi
(a) Broken artefact, (b) virtually reconstructed artefact
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RATION OF THE COMPLEX
I'S REIGN - 1316

/ Mag - INTACH Library
w Bock “The World Hertage
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Conjectural restoration of Qutub Complex — 1316 AD Map-INTACH Library Book *
The World Heritage Complex of Qutub”

Rebuilding the past : A Conjectural scenario

Conjectural reconstruction of built heritage aims at simulating a visual
and metric accuracy in representation of historical environments, based on
archived sources of history.

A conjectured scenario based on clues obtained from archival material e.g.
drawings, maps, photographs etc. is created for the broken arches in The
Qutub heritage Complex. The historical information is integrated with
present date laser scan and photographic image data. Information interpreted
from historical/archival data was mathematically transformed and scaled to
geometrically match the existing details. This in conjunction with ultra-
dense high resolution 3D information from precisely georeferenced laser
scans enabled simulation and conjectural reconstruction of past scenarios.
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3D textured model

Zoomed view of reconstructed pillars and gallery

A Conjectural scenario

The approach focussed on maintaining visual fidelity and accurate reproduction
of historical environment. Having a comprehensive and accurate documentation
for any important building especially those which may be non —reproducible
like World heritage sites is very important. This is a necessary measure to
prepare for the worst case and give the subsequent potential for reconstruction.

Pillars and galleries surrounding the Heritage complex were conjecturally
reconstructed by integrating information from based on archived material e.g.
artist’s impressions, old photographs etc, present date laser scans and photographs.

Left to Right : Conjectural Reconstruction
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Conjectural restoration of Qutub Complex — 1316 AD
Map-INTACH Library Book “ The World Heritage Complex of Qutub”
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HUMAYUN'S TOMB

Historical Significance

Humayun’s tomb is the tomb of the Mughal Emperor Humayun in Delhi,
India. It was the first garden-tomb on the Indian subcontinent, and is located
close to the Dina-panah Citadel, also known as Purana Qila (Old Fort), that
Humayun found in 1533. It was also the first structure to use red sandstone.

The tomb was declared a UNESCO World Heritage Site in 1993.

T A

AT, BT HbeT fEeell, WRA & G THIE AR &1 HBST &1 I8 WRA™
SUTETGIY, TR Ul STTH-HHBERT AT S e ud, e, YRa ¥, gF-u1g
e % B a7, Bl afieg BIS (qar febetn) oft et S1rerm &, &R 58 gar 3
1533 H ST &AT| AT I3 YR BT STINT B ATeAT I gl Il AT| e
1 1993 H JrTan! Bl fag sRIe Tt Sifvd faam mam am|

HERITAGE DOCUMENTATION- A GEOSPATIAL APPROACH



Photo-textired Laser:data -

The tomb stands in the centre of a square garden, divided into four main
parterres (charbagh), in the centre of which ran shallow water-channels. The
enclosure is entered through two lofty double-storeyed gateways on the west
and south. A baradari occupies the centre of the eastern wall and a hammam
in the centre of northern wall. The tomb is 47 m high with a 91 m wide
plinth . It was the first Indian building to use the Persian double dome.
The dome is topped by 6 metres high brass finial ending in a crescent. As a
contrast to the pure white exterior dome, rest of the building is made up of
red sandstone, with white and black marble and yellow sandstone detailing.

[~

Humayun's Tomb, Delhi

Laser data
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Laser Scanning Data Collection

Point clouds from terrestrial laser scanners are acquired from different
positions and hence have to be brought in a common coordinate system by
performing co-registration. Point clouds also contain noise elements which
are irrelevant to the processing of the data. The noise from each of the scans
has to be removed so that there is only essential information representing
the object. Terrestrial Laser scanners are also supplemented with calibrated
digital cameras, which provide RGB values which are used to create coloured
point cloud. The integrated point cloud may be improved by using the
colour information from the images in order to colour the point cloud so as
to get a photorealistic 3D dimension model of an object.
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The Tomb of Humayun with Garden, Delhi, India
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Left to Right : Humayun’s Tomb, Delhi
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(a-b) Ground Photograph
(c-d) Laser data

Terrestrial Laser Scanning enables rapid acquisition of fine level details of
the structure with high accuracy. However, in practical applications the
generated 3D models suffer from a large number of occlusions occlusions,
thus complicating the surface reconstruction and texture mapping process.
Close Range Photogrammetry technique can supplement the TLS data by
acquiring the targeted image blocks for occluded regions.
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Left to Right : Humayun’s Tomb, Delhi
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Extracting Architectural Elements TTI=T 9 e

Parametric objects representing architectural elements are mapped with laser scan or photogrammetric survey data. AT A B Wi B At SR aqell 1 AR W a1 BIEmTaH{es TaaT 32T & Trg Y f S 2

The modelling is based on primitives that represent the simplest objects; which are taken as building blocks and are HigTeltT BT MYR WTafHs a %Eﬁ T Tad T« Q%gﬁﬁ BT UdlD % auT s Tafee st & w9 ® foram siran % 3R a) Laser Data
combined to create the more complex parts. TS Stedd I BT T & ol TJad ThaT SiTal 2 b) Data Smoothning
An automated approach is used for generating 3D model based on a logical sequence of instructions. These can be St % aifhs SHA F AR | - Hiee a9TT S %I T ST gRT e - ;z.—g-{ﬁ 1 Feature Extraction

o

Feature Refinement
3D Model
Integrated 3D Model

repeated to automatically produce large 3D scenes. TN U © S R o ST B

A library of architectural elements is created for Humayun’s tomb e.g. entrance gate, intricate jaali patterns on o . . . . . . N o
windowe, arches and domes. Left to Right : Humayun's Tomb, Delhi W%.ﬂmﬁﬁ%ﬁﬁaﬁﬁ%%ﬁaﬁf@wmaﬁuﬁmgﬂ, Trsfeal, igual 3R el W Sied STeigR de
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Historic building Information Modeling (HBIM)

Digital information systems are evolving for the visualisation, archival and analysis of heritage sites.
Such digitally recorded information of cultural heritage sites from various sensors and ancillary sources
is termed Historic Building Information System.

This approach involves integration of the 3D model into a GIS for further management and analysis.
HBIM (Historic building Information Modelling) can be used as a comprehensive data set of
information, related particularly to the restoration of buildings.

Floor wise 3D Model and architectural drawing of the Humayun’s tomb is shown.
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Top Floor
Interior Room
Top Floor
First Floor
Side gate

Left to Right : Floor wise 3D Model and Architectural Drawing
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The term HBIM is a way of modelling existing heritage and historical buildings, using a
BIM process that would produce intelligent models containing and managing information.
Such models contain components and include their geometric and identifying information,
and all the physical properties that best describe the structure of interest. It comprises of
dimensionally precise and visually rich 3D point cloud data draped with high resolution
photography, representing heritage sites. This associated metadata includes information that
users require to be able to understand, interpret, and make use of the data.

The integrated model of the Humayun’s tomb is shown on the facing page
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Integrated 3D Model, Humayun’s Tomb
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