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1. Introduction

The Survey of India, Department of Science &Technology, hosted the National Workshop on
Strengthening of Geospatial Ecosystem, “Geospatial Mission: An Enabler of Viksit
Bharat” on 17 December 2025 at Yashobhoomi, Sector 25, Dwarka, New Delhi.

The National Workshop brought together policymakers, administrators, academicians’
technologists, industry leaders, and international experts to deliberate on current development in
geo-spatial sector after the National Geospatial Policy 2022 and discussed the challenges&
innovations  shaping India’s  geospatial  future. = Various  Central  Government
Ministries/Departments, nodal agencies of fundamental data themes, State government
representatives, Industry and academia, were invited to be part of this National Event. More than
480 delegates (Central govt. 200, State govt. 120; Industry 100; Academia 48) from these
agencies participated in-person and more than 200 plus delegates attended the conference in
virtual mode.

The aim of the Workshop was to provide a platform for discussion among various stakeholders of
Geospatial sector from both Public and Private Sectors. The workshop aimed towards enhancing
the cooperation and coordination between state government agencies and central government
agencies for creation of foundational Geospatial infrastructure and data for the country to meet
the needs of various Ministries, Departments and State Governments.

The event focussed on the modernization of the National Geodetic Reference Frame as the
backbone for precise positioning and national-scale applications, alongside strengthening
geospatial data generation through high-quality Orthorectified imagery, digital elevation models.
A strong focus was placed on the role of standards in harmonising geospatial data to ensure
interoperability, seamless data exchange, and integration across government, industry, researchers
and academia, supported by national initiatives such as NGDR, UGI, and BIS-led standardisation
efforts.

The workshop also addressed the need to keep pace with rapid technological advancements
including GeoAl, digital twins, advanced 3D mapping, and real-time analytics, highlighting
capacity building, research collaboration, and innovation as key enablers. To achieve the aim of
the National Workshop and address the topics, the programme was divided in four sessions that
underscored geospatial infrastructure as a critical national asset and a key enabler for governance,
infrastructure development, sustainability, and the vision of Viksit Bharat 2047.
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2. Background

Geospatial information has evolved into the bedrock of modern governance, supporting essential
sectors such as smart infrastructure, precision agriculture, land administration, and disaster
management. As India transitions toward a digital and knowledge-driven economy, the need to
unify fragmented datasets and eliminate "silos" between government, industry, and academia has
become paramount. The workshop was designed to address core challenges, including data
accessibility, interoperability, and the duplication of efforts among various agencies.

Policy Evolution and Liberalization

The workshop comes at a transformative period for the sector, following a decade of significant
policy shifts:

i. Historical Context: Pre-2000, geospatial data was highly restricted and security-centric.
The National Map Policy 2005 made the first attempt to formalize access by defining
Open Series Maps (OSM).

ii. The Liberalization Milestone: In February 2021, India introduced a historic
liberalization of geospatial data guidelines, allowing the private sector to collect and
process data without prior approvals.

iii. National Geospatial Policy (NGP) 2022: This citizen-centric policy established a 15-
year vision to make India a global leader in the domain by 2035. It identified 14 National
Fundamental Geospatial Data Themes—such as Elevation, Orthoimagery, and Transport
Networks—assigning nodal ministries to each to ensure authoritative data generation.

The National Geospatial Mission (NGM)

Announced by the Hon’ble Union Finance Minister in the 2025-26 Budget Speech, the National
Geospatial Mission is a transformative program intended to build the nation’s digital spatial
backbone. Under the leadership of the Survey of India, the Mission focuses on five core
components:

i.  Modernizing the National Geodetic Reference Frame (NGRF) to ensure global and
regional level integration with precision.
ii. Strengthening Mapping Infrastructure through high-resolution ORI, DEM using
aerial/UAV imagery, LiDAR and satellite imagery.
iii. Establishing Geo-ICT Infrastructure via a unified national geospatial web portal and
API based services.
iv. Training and Capacity Building for skilling manpower at various level form field to
supervisory/managerial roles.
v. Indigenous Technology Development to align with the vision of Atmanirbhar Bharat.

By fostering collaboration, standardizing data frameworks, and promoting indigenous
innovations the workshop aims to unlock the full potential of geospatial intelligence, supporting
India’s journey toward a $30 trillion economy by 2047 and the vision of a Viksit Bharat.
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3. Inaugural Session

The National Workshop on Strengthening of the Geospatial Ecosystem -2025 marked an
important milestone in advancing India’s geospatial vision in alignment with the proposed
National Geospatial Mission. The inaugural session set the strategic context for the workshop by
underlining the critical role of geospatial infrastructure as an enabler for Viksit Bharat,
supporting governance, economic growth, national security, and technology-led development.

National Workskh:«
Strengthening
Geospatial Ecosystem

Geospatial Mission:

An Enabler of

Inauguration of the Session by the lighting of the lamp by the Guest of Honour, Prof. Abhay Karandikar, Hon ble
Secretary, DST, along with Shri Srikant Sastri, Chairman, GDPDC, Shri Hitesh Kumar S. Makwana, IAS, Surveyor
General of India, Vice Admiral Lochan Singh Pathania, Chief Hydrographer and Shri Shailesh Kumar Sinha,
Additional Surveyor General, Survey of India (From Right to Left )

Dr. Jitendra Singh, Hon’ble Union Minister of State (Independent Charge) for Science &
Technology, highlighted the landmark geospatial liberalisation reforms of 2021, followed by the
National Geospatial Policy, 2022, stating that these measures have democratised access to high-
accuracy geospatial data, spurred innovation, strengthened industry participation and
significantly expanded the use of geospatial technologies across domains. Building on this
momentum, he said, the National Geospatial Mission has been launched as a transformative,
whole-of-government initiative to create a modern, accurate and accessible national geospatial
infrastructure aligned with the vision of Viksit Bharat 2047.
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The Hon’ble Minister emphasised that national priorities such as smart cities, road and rail
infrastructure, precision agriculture, logistics optimisation, natural resource management,
disaster risk reduction, climate action, and next-generation defence preparedness will
increasingly depend on reliable, interoperable, and robust geospatial data. Commending the
Survey of India, he noted that as the country’s oldest and most trusted mapping organisation, it
has played a pivotal role in strengthening India’s geospatial ecosystem and supporting nation-
building through technological modernisation and institutional leadership.

Shri Hitesh Kumar S. Makwana, IAS, Surveyor General of India, addressed and welcomed
dignitaries, senior officials from Central and State Governments, representatives from industry,
academia, international experts, and other stakeholders. In his welcome address, the Surveyor
General highlighted the modernization of India’s National Geodetic Reference Frame as a core
priority of Survey of India. He informed that over 1,100 Continuously Operating Reference
Stations (CORS) have been established across the country and efforts are underway to integrate
CORS set up by States and research institutions to create a common national reference frame.
More than 15,000 users across government and private sectors are already using CORS services,
while increasing adoption and sectoral usage remains a key focus area.

Survey of India’s role as the national mapping agency and key initiatives undertaken in recent
years were outlined. Several important initiatives undertaken by Survey of India were also
highlighted, including the preparation of State- and District-wise Geodetic Asset Registers
(GAR) and Geodetic Asset Maps (GAM),state maps in regional languages and the creation of a
Digital Data Register to enable wider discovery and reuse of geospatial datasets. He emphasized
that Survey of India has transitioned from a closed data regime to a more open and collaborative
approach, aligning with the National Geospatial Policy, 2022.Key national programmes such as
SVAMITVA, NAKSHA, AMRUT), National Hydrology Project, and National Urban
Information System (NUIS) were highlighted as examples where Survey of India is playing a
critical role. Also, ongoing efforts in standard development, including the constitution of
thematic working groups and coordination with BIS and State Governments to ensure nationwide
harmonization were also highlighted.

The inaugural session also had a Special Address by Shri Srikant Sastri, Chairman, Geospatial
Data Promotion and Development Committee (GDPDC). He highlighted the central role of
geospatial technology in India’s economic growth and governance, underscoring the need for
indigenous, reliable, and interoperable geospatial infrastructure to achieve Viksit Bharat, stating
‘Geospatial Bharat - Viksit Bharat’. Drawing on successful pilot programmes under Operation
Dronagiri, particularly the Varanasi agriculture use case, demonstrated how integrated geospatial
data and public-private collaboration can deliver tangible gains in productivity and farmer
incomes, reinforcing the case for a national-scale, standards-based geospatial platform.

Vice Admiral Lochan Singh Pathania, Chief Hydrographer, underscored the close linkage
between hydrography and geospatial sciences, highlighting the role of hydrographer’s in
navigational charting and the wide applications of hydrographic data in shipping, tourism, and
exploration. International cooperation, overseas deployments, and large-scale training initiatives
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were emphasized, while expressing that the workshop will identify key challenges and generate
new ideas, presenting opportunities for future development and collaboration.

The inaugural session concluded with the Keynote Address by Prof. Abhay Karandikar,
Secretary, Department of Science and Technology (DST). He emphasized the need for a robust
governance framework, strong standards, interoperability, and research-led innovation to support
the next phase of geospatial growth. He highlighted DST’s support for geospatial R&D, start-
ups, technology innovation hubs, and capacity building, and reaffirmed the Government’s
commitment to making the geospatial ecosystem future-ready, inclusive, and globally
competitive.

On the occasion, the Survey of India Coffee Table Book was launched by Dr. Jitendra Singh,
Hon’ble Union Minister of State (Independent Charge) for Science & Technology, showcasing
Survey of India legacy, technological evolution, and contribution to India’s growth journey.

A Survey of India documentary chronicling the journey and evolution of survey of India, was
also launched on the occasion.

ot i
bf India

Inauguration of the Coffee Table Book of Survey of India (SOI) by Dr. Jitendra Singh, Hon ble Minister
of State (I/C), Ministry of Science & Technology (virtually) along with the distinguished dignitaries on
the dais, Prof. Abhay Karandikar, Hon'ble Secretary, DST (Centre), Vice Admiral Lochan Singh Pathania, Shri
Srikant Sastri, Shri Hitesh Kumar S. Makwana, IAS and Shri Shailesh Kumar Sinha (from right to left)

The inaugural session set a strong foundation for the workshop by clearly articulating the
strategic importance of geospatial data, the role of Survey of India as the national mapping
authority, and the need for coordinated action across government, industry, academia, and
international partners to realize the objectives of the geospatial policy, National Geospatial
Mission and Viksit Bharat 2047.
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4. Technical Sessions

Session 1: Modernization and Strengthening of National Geodetic Reference
Frame

Objective:

e To highlight the urgent need for redefining and modernizing the NHRF and NVRF in
alignment with global best practices (ITRF-2020, IHRF).

e To highlight the necessity of using NHRF & NVREF for consistent, accurate, and unified
coordinate reference system for the entire country.

e To demonstrate how a strengthened NGRF enables high-precision applications in urban
planning, land governance, hydrology, flood modelling, coastal monitoring, and national
infrastructure design.

e To foster collaboration among government, academia, industry, and international
agencies for strengthening India’s geodetic capabilities in alignment with global best
practices.

e To reinforce alignment with the National Geospatial Policy 2022 and the larger vision of
building an accurate, integrated, and future-ready geospatial ecosystem for Viksit Bharat.

Overview:

The session on “Modernization and Strengthening of the National Geodetic Reference Frame”
focused on outlining the scope for strengthening the foundational reference framework required
for precise positioning and mapping in India, with emphasis on the redefinition and
strengthening of both the National Horizontal Reference Frame (NHRF) and the National
Vertical Reference Frame (NVRF). The session was intended to highlight the existing
Continuously Operating Reference Stations (CORS) infrastructure and the need for densification
of the network, along with the integration of advanced space geodetic techniques such as VLBI,
DORIS, and SLR. In addition, the session proposed to address the development of a high-
accuracy Geoid Model using gravity and levelling data, as well as the modernization of tidal
observatories to support robust sea-level monitoring, while highlighting the relevance of these
initiatives for ensuring uniformity in mapping, long-term Earth surface monitoring, and the
enhancement of Positioning, Navigation and Timing (PNT) services across sectors such as
agriculture and infrastructure development.
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Key Speakers

Chair; Sh. G Varuna Kumar Dr. Balakrishnan Nair T.M.
Sh. Alok Prem Nagar Additional Surveyor General Director, INCOIS
Additional Secretary

Survey of India
Ministry of Panchayati Raj

Prof. Onkar Dikshit Distinguished International Speaxe:
c Coordinator, National Centre for Mr. Olivier Casabianc=
oration Geodesy, IIT Kanpur Vice President

Chair Sh. Alok Prem Nagar, Additional Secretary, Ministry of Panchayati Raj

Speaker Prof. Onkar Dikshit, Coordinator, National Centre for Geodesy, IIT Kanpur

Speaker Cdr. Prashant Kumar Srivastava, Scientist-G/Advisor, Ministry of Earth
Sciences (MoES)

Speaker Sh. G Varun Kumar, Additional Surveyor General, The National Institute of
Geo-Informatics Science and Technology (NIGST)

Speaker Dr. Balakrishnan Nair T.M Director, INCOIS

Speaker Sh. Sajid Malik, Chairman & Managing Director, Genesys International
Corporation

Distinguished | Mr. Olivier Casabianca, Vice President, Trimble Advanced Positioning

International

Speaker

Speaker’s address/Discussion Summary:

The session on Modernization and Strengthening of the National Geodetic Reference Frame
highlighted critical role of a modern and dynamic geodetic reference framework as a
foundational national infrastructure supporting governance, infrastructure, disaster resilience,
research, the blue economy, and emerging applications such as digital twins and autonomous
navigation. It traced the evolution of India’s geodetic system from the Great Trigonometrical
Survey to GPS-based Ground Control Points and the current CORS network, noting that
1,145CORS stations, initially driven by the SVAMITVA programme, now provide a robust
horizontal reference framework enabling real-time, centimetre-level positioning accuracy.
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A key focus of the session was on the transition from static to dynamic reference frames,
recognizing that India lies on a tectonically active plate moving approximately 5 cm per year.
The proposed approach involves implementing both plate-fixed and dynamic reference frames,
aligned with the International Terrestrial Reference Frame (ITRF 2020), while accounting for
intra-plate deformation, seismic activity, and long-term geophysical changes. Advanced space
geodetic techniques such as VLBI, DORIS, and Satellite Laser Ranging (SLR) were identified as
critical components for strengthening the national horizontal framework and ensuring global
interoperability.

On the vertical reference side, the session highlighted the limitations of the 1909 mean sea level—
based datum for modern applications and emphasized the need for a high-accuracy national
geoid model using gravimetric, GNSS, levelling, and satellite data. The discussions underscored
the importance of modernizing tidal observatories, gravity networks, and co-located GNSS—tide
gauge stations to enable reliable sea-level monitoring, coastal vulnerability assessment, and
climate change analysis.

The session also highlighted cross-sectoral applications of the modernized reference frame. From
the Ministry of Panchayati Raj, the SVAMITVA experience illustrated how CORS-enabled
surveying significantly reduced time and cost, improved land record accuracy, enhanced
property tax revenues, and enabled integration with social welfare datasets at the Gram
Panchayat level. It was emphasized that wider adoption by State departments remains a critical
gap, requiring awareness-building and demonstrable use cases.

From an oceanographic and blue economy perspective, it was highlighted that precise geodetic
control is foundational for tsunami early warning systems, storm surge modelling, coastal
inundation mapping, and marine spatial planning. A dynamic national reference frame was
positioned as essential for separating sea-level rise from vertical land motion, especially along
India’s extensive and tectonically sensitive coastline.

Industry inputs demonstrated how high-precision geodetic infrastructure is already enabling
digital twins, urban flood modelling, infrastructure planning, and ADAS-level navigation
mapping for highways and expressways. It was emphasized that the economic and social benefits
generated from these applications significantly outweigh the cost of geodetic infrastructure,
provided the CORS network is adequately densified, reliably operated, and properly maintained.

Academic perspectives highlighted the need for indigenous capability development, including
GNSS processing, NavIC integration, quality assessment of CORS stations, epoch-based
reference frame realization, and long-term sustainability of the framework. The importance of
capacity building, R&D, and continuous adjustment of the reference frame was strongly
emphasized. International experience reinforced that India’s efforts align with global best
practices adopted by countries such as the USA, Canada, and Australia, and that industry
readiness, standards compliance, and phased transition strategies are essential to minimize
disruption to surveyors and users.
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The chair concluded the session with a strong emphasis on usage, maintenance, and
sustainability. The launch of Geodetic Asset Registers and Maps was highlighted as a
progressive step towards sustainability, transparency and long-term stewardship.

Announcement of United Nations Global Geodetic Centre of Excellence (UN-GGCE)
Multilateral MoU:

The session marked a significant milestone with Survey of India’s participation in the United
Nations Global Geodetic Centre of Excellence (UN-GGCE) Multilateral MoU, reinforcing
India’s commitment to the global geodetic supply chain and international collaboration.
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Announcement of the United Nations Global Geodetic Centre of Excellence (UN-GGCE)
Multilateral Memorandum of Understanding (MMoU)

Session Takeaways:

1. Geodetic Reference Frame as National Infrastructure
i. The geodetic reference frame is a foundational national asset, comparable to roads, power

grids, and digital identity systems, and is essential for precision governance,
infrastructure development, and economic growth.

ii. Accurate positioning underpins applications across land records, disaster management,
agriculture, transportation, urban planning, blue economy, and national security.

iii. Development of dynamic reference systems alongside static

iv. India must move decisively from static coordinate assumptions to dynamic, time-
dependent reference frames that reflect tectonic motion and Earth system dynamics.
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. Strengthening the CORS Network

i. The existing CORS network represents a major achievement, but further densification
(25-30 km spacing) is essential for universal usability across sectors.

ii. Awareness and adoption among State departments and private industry remain limited
and must be actively addressed through targeted outreach and use-case demonstration.

. Modernization of Vertical Reference Framework

i. The legacy mean sea level datum is inadequate for modern needs; transition to geoid-
based, geopotential height systems is essential.

ii. Integration of gravity data, GNSS, levelling, and modernized tidal observatories is critical
for climate resilience and coastal risk management.

. Sectoral Impact and Societal Value

i. SVAMITVA demonstrated tangible benefits in rural governance, land tenure security,
revenue enhancement, and service delivery.
ii. Oceanography, disaster warning systems, and blue economy applications depend
critically on accurate vertical and horizontal referencing.
iii. Urban digital twins, flood modelling, infrastructure alignment, and autonomous
navigation require centimeter-level accuracy at scale.

. Industry Enablement and Economic Returns

i. Private sector applications are already generating significant economic and safety
benefits, including high-definition mapping and ADAS-enabled navigation.

ii. Maximizing return on public investment requires ensuring data accessibility, reliability,
and long-term operational stability of the geodetic infrastructure.

Indigenous Capability, Standards, and Capacity Building
i.  Emphasis on improved indigenous capability in GNSS processing, NavIC integration,
space geodesy, and reference frame realization.
ii.  Alignment with OGC and BIS standards is essential to ensure seamless adoption across
software platforms and minimize transition risks.

7. CORS network densification and sustained maintenance are critical to enable centimetre-

level real-time positioning, reduce survey costs, and supplement legacy workflows.

8. India’s participation in the UN Global Geodetic Centre of Excellence MOU reinforces its

commitment to global geodesy and opens pathways for international collaboration and
leadership

10
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Session 1
Modernization and Strengthening of National

Key Speakers ——

.....

The session on “Modernization and Strengthening of the National Geodetic Reference Frame”
chaired by Sh. Alok Prem Nagar (Center), Additional Secretary, Ministry of Panchayati Raj,
along with the speakers on the dais Mr. Olivier Casabianca, Sh. Sajid Malik, Dr. Balakrishnan
Nair T. M., Sh. G. Varun Kumar, Cdr. P. K. Srivastava, and Prof. Onkar Dikshit (from right to

left).

Session 2: Strengthening of Geospatial Data and Mapping Infrastructure
Objective:

To highlight the national requirement for authoritative ORI and DEM datasets covering
all terrains, including challenging and high priority urban regions.

To discuss the urgent requirement of a structured Geo-ICT framework for the efficient
acquisition, processing, dissemination, and seamless integration of these large-scale
geospatial datasets.

To outline approaches for digitizing, standardizing, and integrating Survey of India’s as
well as other Ministries/ Organizations extensive legacy records within modern
geospatial workflows.

To emphasize the importance of interoperable, standardized, and high accuracy
geospatial frameworks for governance, planning, and infrastructure development.

To explore how strengthened mapping infrastructure supports land records
modernization, disaster management, environmental conservation, and urban
development.

To encourage collaboration among government, industry, and academia to accelerate
nationwide mapping and modernization efforts.

11
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Overview:

The session on “Strengthening of Geospatial Data and Mapping Infrastructure” set the context
for deliberations on enhancing the availability, quality, and usability of foundational geospatial
datasets to support national development priorities. This session addressed the critical need for
high-quality foundational geospatial data with a focus on the generation of Orthorectified
Imagery (ORI) and Digital Elevation Models (DEM) for the entire country. The session was
intended to outline the approach for nationwide mapping using different acquisition technologies
suited to varied terrain types, with particular emphasis on urban areas. It also proposed to cover
the comprehensive re-engineering and digitization of Survey of India’s extensive legacy
geospatial records to enable standardization, seamless integration, and improved usability across
government systems and facilitating modernization of land records, urban planning, disaster
management, and infrastructure project design.

Key Speakers
fIhair; X Sh. S VSingh Dr. Prakash Chauhan Sh. Seeram Sambasiva Rao, IAS
Sh. Srikant Sastri Additional Surveyor General Director Special Secretary (€ & IT) and Director
Chairman, Geospatial Data Promotion and Survey of India National Remote Sensing Centre Survey and Land Records, Government of Kerala
Development Committee
Sh. Rohan Verma Dr. Manabendra Saharia Distinguished International Speaker:
Director, Mapmyindia and Assaciate Professor Dr. Yury Filippov
MD, Mappls DT IIT Delhi Head of Department, National Spatial
Data System Centre for Information, =
Roskadastr-Infotech, Russian Federation 77:7 =
Chair Sh. Srikant Sastri, Chairman, GDPDC
Speaker Sh. S. V. Singh, Additional Surveyor General, Survey of India
Speaker Dr. Manabendra Saharia, Associate Professor, IIT Delhi
Speaker Dr. Prakash Chauhan, Director, NRSC
Speaker Mr. Rohan Verma, Director, Mapmylndia and MD Mappls DT
Speaker Sh. Seeram SambasivaRao, IAS, Special Secretary (E & IT) and Director,
Survey and Land Records, Government of Kerala.(Virtual Mode)
Distinguished Dr. Yury Filippov, Head of Department of the National Spatial Data
International System Centre for Information, (Virtual Mode)
Speaker

12




%
D Il wEeor forvmr
% Survey of India

Speakers address/Discussion Summary:

The session on Geospatial Data and Mapping Infrastructure focused on strengthening India’s
foundational geospatial capabilities as a critical enabler for economic development, technology
sovereignty, and data-driven governance. The Chair emphasized that a common national
geodetic reference framework is indispensable for interoperability, comparing it to a shared time
standard without which coordination would be impossible. Building on the previous session on
geodetic reference systems, this session examined how foundational geospatial data, technology
platforms, applications, interoperability, and stakeholder collaboration together form the
backbone of India’s geospatial ecosystem.

The session outlined five key thematic areas: identification of foundational datasets; technology
infrastructure for managing large-scale data; development of applications for economic and
societal benefit; interoperability across datasets and systems; and collaboration among
government, industry, academia, and international partners.

The session discussed Kerala’s Digital Survey Mission as a scalable best-practice for land
governance, demonstrating the digitisation of legacy land records through integrated IT systems,
unique parcel IDs, citizen participation, and CORS-enabled surveying. It also showcased Survey
of India’s work under the National Hydrology Project, which enabled large-scale generation of
high-resolution LiDAR-based DEMs, GIS-ready geodatabases, geoid models, bathymetric data,
and operational CORS networks, marking a shift from map-based outputs to structured
geospatial datasets with strong capacity building across institutions.

From an industry perspective, it was emphasized that Orthorectified Imagery (ORI) and DEMs
should be treated as national digital infrastructure, comparable to roads or power grids. The
importance of adopting terrain-specific acquisition strategies, ensuring frequent updates for
urban areas, and preventing post-collection fragmentation was strongly underlined. The session
stressed that interoperability is not limited to file formats, but includes APIs, services, coordinate
reference consistency, versioning, lineage, and the ability to stream and analyse data rather than
merely download it. User experience was identified as a critical success factor, particularly for
government users who are not GIS specialists.

The academic perspective highlighted the need for geospatial sovereignty beyond data
ownership, extending to ownership of scientific models and decision-making systems. While
India has made strong progress in data acquisition, reliance on proprietary and commercial
models especially in hydrology and hazard modelling, was identified as a strategic vulnerability.
The session showcased indigenous, GPU-based flood modelling and digital twin development,
demonstrating significant gains in accuracy and computational efficiency and underscoring the
importance of open standards and open-source technologies for long-term sustainability.

Interoperability challenges arising from diverse data sources like satellites, aerial platforms,
drones, LiDAR, radar, and ground sensors, were discussed, with emphasis on OGC-compliant
standards and strong geodetic foundations as enablers of integration. The need to safeguard

13
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India’s sovereign satellite data capabilities, particularly for high-resolution imagery, was
highlighted to avoid over-dependence on foreign sources during the transition to greater private
sector participation.

An international perspective from the Russian Federation illustrated the implementation of a
National Spatial Data System that integrates geodetic networks, official maps, real estate data,
and value-added services into a single, web-based platform. The system’s focus on openness,
standardized services, frequent updates, and ease of use demonstrated how geospatial platforms
can bridge the gap between data availability and real-world usage by government, businesses,
and citizens. The speaker emphasized that innovation should prioritize sharing experiences and
best practices, rather than distinctions between national and international software ecosystems.

The chair concluded the session by reinforcing that geospatial data and mapping infrastructure
are no longer technical back-office functions, but constitute national decision-making
infrastructure requiring sustained investment, strong institutional stewardship, interoperability by
design, and close collaboration across stakeholders.

Session Takeaways:

1. Foundational Importance of Geospatial Infrastructure

i. A unified geodetic reference framework is essential for ensuring that geospatial datasets,
maps, and applications can interoperate seamlessly across sectors and jurisdictions.

ii. Foundational datasets such as ORI, DEMs, geodatabases, and CORS networks must be
treated as long-term national infrastructure assets.

iii. Scalable land governance reform and advanced geospatial applications are achievable
through high-quality surveys, GIS-ready data generation, robust CORS infrastructure,
and strong institutional coordination.

2. Interoperability and Data Sovereignty

i. Interoperability must extend beyond data formats to include APIs, consistent reference
frameworks, versioning, and platform-based access to avoid fragmentation after data
collection.

ii. Long-term geospatial sovereignty depends not only on data ownership but also on
indigenous control over models, analytical workflows, and decision systems, supported
through open-source innovation.

3. Need for Sustained Satellite and Sensor Capabilities

i. Ensuring continuity of high-resolution satellite data from independent sources is essential
to avoid data gaps during the transition to increased private sector participation. Public
investment must continue in space-based, aerial, and ground-based observation systems.

4. Value of International Experience and Collaboration

i. International examples demonstrated that integrating data, standards, services, and people
into a single national platform can significantly reduce the gap between data availability
and actual usage.
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ii. Knowledge exchange and sharing of best practices are more valuable than rigid
distinctions between domestic and international software ecosystems.

National Workshop on
Strengthening of
Geospatial Ecosystem —
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Sh. Srikant Sastri, Chairman, GDPDC(Center) led the session on “Strengthening of Geospatial
Data and Mapping Infrastructure,” with speakers on the dais: Mr. Rohan Verma, Dr. Prakash
Chauhan, Sh. S. V. Singh, and Dr. Manabendra Saharia (from right to lefi).

Sh. Seeram Sambasiva Rao, IAS, Special Secretary (E & IT) and Director, Survey and Land
Records, Government of Kerala and distinguished international speaker Dr. Yury Filippov, Head of
Department, National Spatial Data System Centre for Information joined Virtually.
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Session 3: Role of Standards in harmonizing geospatial frameworks
Objective

e To highlight the importance of unified geospatial standards for ensuring interoperability,
data consistency, and quality across national datasets.

e To understand the role of standards in harmonizing legacy and newly generated data,
aligning with frameworks such as NHRF, NSRF, NGDR, and UGI.

e To understand the role of standards in harmonizing legacy and newly generated data,
aligning with frameworks such as NHRF, NSRF, NGDR, and UGI.

e To encourage research and innovation in academia for advancing standard-driven
geospatial technologies and methodologies.

e To support evidence-based governance by integrating standardized geospatial data into
planning, monitoring, and service delivery workflows.

e To align standardization efforts with the National Geospatial Policy 2022 and the broader
vision of Viksit Bharat.

Overview:

The session on “Role of Standards in Harmonizing Geospatial Frameworks” was designed to
examine the importance of geospatial standards in advancing the objectives of the National
Geospatial Mission, with a focus on the need for standardized data frameworks and schemas to
enable interoperability, system integration, and seamless data exchange across government
departments, private industry, academia, and civil society. The session was intended to address
approaches for harmonising and standardising both legacy and newly generated geospatial
datasets originating from diverse producers and formats, with particular emphasis on ensuring
alignment with the redefined National Horizontal Reference Frame (NHRF) and facilitating the
operationalisation of the National Geospatial Data Registry (NGDR) and the Unified Geospatial
Interface (UGI). It was also envisaged that the session would highlight the importance of
defining and adhering to quality standards and accuracy benchmarks for foundational geospatial
data products, such as Orthorectified Imagery (ORI) and Digital Elevation Models (DEMs),
which are critical for applications including land records modernisation, urban planning, and
other governance and development use cases.
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Key Speakers

Sh. Sandeep Shrivastava Dr. Rajendra Gaikwad
Additional Surveyor General Satellite Application Centre
Survey of India Ahmedabad

Cmde. Mathew G Abraham Sh. Nikhil Kumar Distinguished International Speake::

National Hydrographic office GP:—:.\(}A;;‘ ‘}‘\J:(Ilrg\:)\;\;!‘ Dr. Zaffar Sadiq Mohamed-Ghoz:c= =
90spaTab NCUERIaE Director of Advisory & Innovation, Woolps: & =
Vice-Chair, Board of Director, 0GC =

Dr. Debapriya Dutta, Chairman, LITD-22, Bureau of Indian Standards
(BIS)

Speaker Dr. Rajendra Gaikwad,Scientist, Space Application Centre,
Ahmedabad(Virtual Mode)

Chair

Speaker Sh. Sandeep Shrivastava, Additional Surveyor General, Survey of India
Speaker Sh. Nikhil Kumar, President, Association of Geospatial Industries (AGI)
Speaker Sh. Sanjay Sinha, Sr consultant, Office of CS, Govt of Andhra Pradesh
Speaker Cmde. Mathew G Abraham, National Hydrographic Office

Distinguished  Dr. Zaffar Sadiq Mohamed-Ghouse, Director of Advisory & Innovation,
InternationalS Woolpert &Vice Chair, Board of Director, OGC (Virtual Mode)
peaker

Speakers address/Discussion Summary:

The session on “Role of Standards in Harmonizing Geospatial Frameworks” focused on the
critical importance of standards as an enabling backbone for India’s evolving geospatial
ecosystem, particularly in the context of the National Geospatial Policy 2022, Digital India, PM
GatiShakti, and the forthcoming National Geospatial Mission.

The session highlighted that despite significant progress in geospatial data generation, long-
standing challenges continue to persist, including fragmented datasets, incompatible schemas,
lack of interoperability, inconsistent metadata, and duplication of effort across ministries and
states. It was emphasized that while data availability has improved, the absence of operational,
enforceable standards limits integration, reuse, and value realization.
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Global standards developed under ISO TC-211 and OGC were discussed as foundational
enablers, covering metadata (ISO 19115), data quality (ISO 19157), APIs (ISO 19168), geodetic
reference systems (ISO 19111/19161), and web services (WMS, WFS, CSW).

Key Indian initiatives were highlighted, including:

i. Development and promulgation of BIS geospatial standards under LITD-22, with over 16
standards already in force and several under development for soil, geology, forests,
LiDAR, and NavIC receivers.

ii. Survey of India’s leadership in operationalising standards through Geospatial Data
Interface (GDI) under PM GatiShakti, demonstrating how ISO-OGC compliant layers
enabled expressway alignment decisions within 48 hours while avoiding ecological and
heritage impacts.

iii. Establishment of thematic working groups within Survey of India for fundamental data
themes of geodetic reference frame, elevation, Orthorectified imagery, functional area
(administrative boundary), Geographical Names, and database harmonization.

iv. Ongoing development of National Geospatial Data Registry (NGDR) and Unified
Geospatial Interface (UGI) as standard-based discovery and access platforms.

The importance of metadata as the first interface between users and data was discussed in detail,
tracing India’s journey from NNRMS standards (1998) to NSDI Metadata Standard (2009),
subsequent BIS standards, and the latest revisions aligned with ISO 19115. Metadata was
emphasized as essential for data discovery, assessment of fitness for use, FAIR principles
(Findable, Accessible, Interoperable, Reusable), and automated data exchange.

State-level experience demonstrated how standards and integration improve governance
outcomes. Andhra Pradesh’s Real-Time Governance System (RTGS) and centralized Data Lake
and Data Lens platform showcased how standardized dashboards replace ad-hoc PPTs, enable
drill-down analytics across departments, and convert raw data into actionable intelligence for
service delivery, disaster response, education access, health monitoring, and welfare targeting.

The marine and hydrographic perspective highlighted the urgent need to integrate land and sea
datasets using globally accepted standards. Transition from legacy S-57 formats to the modern
IHO S-100 framework, aligned with ISO and OGC standards, was discussed as critical for
interoperability, safety, coastal management, blue economy, and future autonomous navigation.
Integration of hydrographic data into NGDR was identified as a major opportunity.

From an industry perspective, the session emphasized that India is entering a phase of large-scale
data creation across 14 fundamental themes, digital twins, subsurface and bathymetric mapping.
Without strong semantic and syntactic standards, this will lead to clutter rather than clarity.
Industry stressed the need for:
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i. Common reference frames
ii. API-driven, cloud-native, REST-based architectures
iii. Spatial-temporal asset catalogues
iv. Platform-level interoperability rather than siloed portals

International experience and global vision highlighted the transition from traditional SDIs to
interconnected geospatial ecosystems, driven by standards, semantic clarity, data sovereignty,
decentralization, and user-centric access. Global best practices under UN-GGIM and OGC
demonstrated how national mapping agencies act as custodians of foundational data while
enabling federation across ministries, private sector, and communities.

The Chair concluded the session by emphasizing that standards must move from documents to
operational systems, supported by testbeds, compliance mechanisms, validation tools, capacity
building, and continuous research. Standards were positioned not as constraints, but as enablers
of innovation, trust, scalability, and economic value.

Session Takeaways:

1. Standards are the backbone of a federated geospatial ecosystem

i. Fragmentation, incompatibility, and duplication of geospatial data continue to be major
challenges.

ii. Internationally harmonised and nationally adopted standards (ISO, OGC, BIS) are
essential to enable interoperability, data sharing, and reuse across ministries, States,
industry, academia, and international partners.

iii. Standards must move beyond documents to become operational within platforms,
workflows, and day-to-day governance systems.

2. Shift from portal-based data access to API-driven geospatial ecosystems

i. Traditional SDI portals with static downloads are insufficient for real-time governance
and decision-making.

ii. A federated, API-based ecosystem with shared semantics, national registers, and cloud-
native workflows is required.

iii. Initiatives such as the Unified Geospatial Interface (UGI), National Geospatial Data
Registry (NGDR), and GatiShakti GDI demonstrate the value of standards-enabled
integration.

3. Metadata, registers, and semantic consistency are critical enablers

i. Metadata is the first interface between data producers and users and is central to
discoverability, trust, and reuse.

ii. Common schemas, UML-based data models, and standardised metadata structures (e.g.,
ISO 19115, IS 16439) are necessary to ensure consistency across datasets.

i. The absence of national registers for parcels, buildings, addresses, and assets remains a
structural gap that limits integration.
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. Standards must be tied to national missions and real use cases

1.

ii.

1.

il.

Standards are most effective when anchored to flagship programmes such as
SVAMITVA, PM GatiShakti, AMRUT, NAKSHA, and National Geospatial Mission.
Demonstrated use cases such as expressway alignment through GDI, drone-based rural
surveys, real-time governance dashboards, and marine ENC modernisation—build
confidence and adoption.

. Marine, land, and inland water geospatial integration is essential

India’s geospatial focus must expand beyond land to include offshore, coastal, and inland
waters. Hydrographic standards (IHO S-100) aligned with ISO and OGC provide a strong
model for interoperability and quality assurance.

Integration of land, sea & air datasets is critical for coastal zone management, disaster
resilience, ports, blue economy, and climate adaptation.

Quality, accuracy, and reference frameworks cannot be compromised

1.

il.

Poor-quality or inconsistent foundational data leads to significant downstream
inefficiencies and rework.

Standards for positional accuracy, data quality, lineage, and uncertainty are as important
as formats and APIs.

. Capacity building and institutional readiness are as important as technology

1.

il.

iil.

There is a significant gap in trained manpower for surveying, feature extraction, data
modelling, and standards implementation, especially at State and field levels.

Adoption of standards requires structured skilling programmes across government,
industry, and academia.

Academia must engage more deeply with real-world datasets and operational challenges,
beyond laboratory research.

. Industry, States, and international collaboration are key accelerators

1.

ii.

iil.

Industry requires predictable, open, and standards-compliant frameworks to innovate and
scale solutions.

State-level experiences (e.g., real-time governance platforms, data lakes, standardised
dashboards) highlight the importance of two-way data sharing and value creation.
Continued alignment with global practices through ISO, OGC, IHO, and UN-GGIM
strengthens India’s global standing and market access.

. Next steps for the National Geospatial Mission

1.

il.

Establish testbeds and pilot projects to operationalised standards across sectors. Develop
compliance, validation, and conformance mechanisms linked to platforms and funding.
Invest in continuous research and evolution of standards to keep pace with emerging
technologies such as Al, digital twins, IoT, and real-time analytics.
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Dr. Debaprzya Dutta Chairman, LITD 22, BIS led the session on ‘“Role of Standards in
Harmonizing Geospatial Frameworks,” with speakers: Sh. Nikhil Kumar, Cmde. Mathew G.
Abraham, Sh. Sandeep Shrivastava and Sh. Sanjay Sinha (from right to left)

Dr. Zaffar Sadiqg Mohamed-Ghouse, Director of Advisory & Innovation, Woolpert &Vice Chair,
Board of Director, OGC and Dr. Rajendra Gaikwad, Scientist, Space Application Centre,
Ahmedabad address (Virtually)

Session 4: Keeping pace with technological advancements in Geospatial fields

Objective:

To reflect on the evolving landscape of geospatial technologies and their growing
influence on governance, innovation, and development.

To explore how emerging tools and approaches can transform traditional methods of data
generation, analysis, and decision making.

To foster dialogue among government, industry, and academia on developing a forward-
looking, technology-driven geospatial ecosystem.

To encourage the exchange of ideas, experiences, and best practices that can inspire
collaboration and innovation across sectors.

To deliberate on strengthening institutional capacities, human resource skills, and
technical infrastructure to keep pace with rapid technological advancements.

To envision the role of technology as a catalyst for building a resilient, inclusive, and
future-ready geospatial framework aligned with national priorities.
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Overview:

The session on “Keeping Pace with Technological Advancements in Geospatial Fields” was
designed to outline the scope of discussions on the rapidly evolving geospatial technologies,
including GeoAl, Digital Twins, Quantum computing -NavIC, and advanced 3D mapping, and
their transformative potential across sectors such as urban planning, navigation, disaster
management, and smart infrastructure development. The session was intended to chart a
comprehensive roadmap for advancing cutting-edge geospatial technologies, strengthening
academia—industry collaboration, and supporting leading research institutions and innovation
hubs. It aimed to align stakeholders on actionable strategies for accelerating technology
development, knowledge exchange, and commercialization, with the objective of positioning
India as a global leader in geospatial innovation. The session also proposed to highlight the
importance of international collaboration, including the role of a dedicated unit within Survey of
India, to enhance global engagement and improve international market visibility for the Indian
geospatial industry.

Key Speakers
) Chair:( Sh. S K Sinha Sh. Alok Prem Nagar Sh. Kunal Satyarthi
Sh. Abhishek Singh, IAS Additional Surveyor General Additional Secretary lnint Secretary
Director General Survey of India Ministry of Panchayati Raj Department of Land Resaurces
National Informatics Centre
Sh. Agendra Kumar Dr. Roshan Srivastava Distinguished International Speaker:
Managing Director Associate Professor Mr. David Henderson
Esri India IIT Tirupathi Chief Geospatial Officer ~
Ordnance Survey, United Kingdom -
Chair Sh. Abhishek Singh, IAS, Director General, NIC
Speaker Sh. Roshan Srivastava, Associate Professor, IIT Tirupati
Speaker Sh. S. K. Sinha, Addl SG, Sol
Speaker Sh. Kunal Satyarthi, Joint Secretary, DOLR
Speaker Sh. Alok Prem Nagar, JS, MoPR
Speaker Sh. Agendra Kumar, MD , ESRI India
Distinguished Mr. David Henderson, Chief Geospatial Officer, Ordnance Survey
International (Virtual Mode)
Speaker
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Speakers address/Discussion Summary:

Session on ‘Keeping pace with technological advancements in Geospatial fields’ focused on how
rapid technological advancements, particularly in Al, GeoAl, Digital Twins, advanced remote
sensing, and real-time geospatial platforms, are fundamentally reshaping the geospatial
ecosystem and its role in national development.

The Chair set the context by highlighting the rapid acceleration of Al, Generative Al, Agentic
Al, and their disproportionate impact on the geospatial sector due to the convergence of large-
scale satellite, sensor, and administrative datasets, cloud-GPU compute, and multi-source
analytics. Al’s strategic relevance was emphasized for India in terms of economic value creation,
employment, public service delivery, and data-driven governance, enabled by India’s robust
Digital Public Infrastructure (DPI) and policy ecosystem under the India Al Mission. A
Geospatial Al Stack was formulated, comprising data layers, compute infrastructure, analytics,
geospatial foundation models, and application layers, with examples such as flood risk
assessment, infrastructure planning, and disaster response. NIC initiatives such as Bharat Maps,
One Map, and API-based integration across ministries were highlighted as foundational enablers.

Geospatial data is recognized as critical national infrastructure under the National Geospatial
Policy. Drawing from UN-GGIM future trends, technology maturity frameworks need to be
adopted and IoT, ML, CORS, drones, and cloud computing were identified as mature
technologies ready for institutionalization, while emerging areas like quantum computing
warrant research investments. Distinction between 3D models and true digital twins, the
importance of big data processing frameworks, and the urgent need for a spatial Digital Public
Infrastructure (DPI) were emphasized. Key gaps highlighted included data modelling, standards,
authoritative custodianship, governance, versioning, and temporal validity across the geospatial
value chain.

The evolution and impact of the SVAMITVA Scheme, highlighting Survey of India’s role in
drone surveys and CORS expansion was presented. Platforms such as Gram Manchitra, built on
Bharat Maps and LGD codes, were showcased for practical village-level applications including
infrastructure planning, rooftop solar potential assessment (linked with PM Surya Ghar Yojana),
sanitation accessibility, and property tax assessment. Adoption across multiple states and
ongoing hackathons with IITs to extract further value from SVAMITVA datasets were noted.

The international perspective from the ordnance survey, UK, emphasised that geospatial data is
now mainstream, and foundational to national data infrastructure. Global themes of “Reinventing
the Map”, interoperability, Al-enabled automation, skills transition, collaboration, and digital
twins were emphasised. Challenges highlighted positional accuracy, legacy data alignment,
uncertainty in communication, and the need to position authoritative location data as the
backbone of integrated national data ecosystems.

Industry vision highlighted the need for sovereign, secure, open-standard geospatial
infrastructure, integrating GeoAl, ML, agentic Al, reality mapping, LiDAR, drones, and 3D GIS
for living digital twins. ESRI’s India-specific offerings, including 800+ authoritative datasets,
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100+ AI models, on-premise base maps, navigation datasets, and real-time data ingestion
technologies to support government use cases.

The persistent disconnect between advanced geospatial technologies and ground-level land
administration emphasising challenges in integrating modern imagery with legal cadastral maps,
fragmented datasets across registries and utilities, lack of common identifiers, and acute
shortages of trained surveyors and feature extraction professionals was discussed. There is aneed
for Al-assisted linkage of legacy MIS datasets, field-level capacity building, and stronger
engagement of academia with real-world land governance challenges.

The chair concluded the session by emphasising the need for spatial decision-makers, robust
PNT and CORS infrastructure, and institutional platforms for digital twins and NavIC-based
applications. Promotion of advanced geospatial technology by establishing of innovation hubs
like IIT Tirupati Technology Innovation Hub, geospatial intelligence labs, national digital tool
libraries, hackathons, start-up incubation, and capacity-building initiatives, inviting collaboration
through open and federated geospatial ecosystems, was emphasized.

Session Takeaways

1. Geospatial + Al as National Infrastructure
i. Geospatial data, combined with Al and advanced compute, is now a core national digital
infrastructure enabling data-driven governance, infrastructure planning, disaster
management, and economic growth.
ii. Building indigenous geospatial foundation models aligned with India Al Mission is
critical for scalable and sovereign solutions.
2. Need for Integrated and Interoperable Platforms
i. True interoperability requires APIs, common reference frameworks, metadata standards,
versioning, and platform-based access, not just standardized data formats.
ii. A unified national geospatial backbone integrating Sol, NIC, ISRO, BISAG, and sectoral
platforms was emphasized.
iii. The focus must shift from mere data collection to actionable applications, dashboards,
decision-support systems, and real-time analytics for ministries and local governments.
iv. Use cases such as SVAMITVA, Bharat Maps, PARIVESH, and Gram Manchitra
demonstrate this transition.
3. Modern Technologies Require Phased Adoption
i. Mature technologies (AI/DL/ML, IoT, Data Cubes, Ubiquitous Connectivity) are ready
for institutionalization and implementation on scale. Government can invest in
Technologies like Quantum Computing/Positioning which promise high value but whose
trajectories are still uncertain. In technologies edge computing, intelligent mobility
Digital Twins, Immersive Visualization, whose trajectory of growth is predictable but yet
to mature, Govt. should encourage Pilots before institutionalization.
ii. Technology roadmaps recommended above were in should align with global trends
identified by UN-GGIM.
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4. Legacy Data Integration is a Critical Bottleneck
i. Integrating historical cadastral maps, land records, registration data, and municipal MIS
with high-resolution geospatial data remains a major challenge.
ii. Legal-authoritative linkage between legacy records and modern spatial datasets is
essential.
5. Capacity Building and Skill Gaps
i. Acute shortages exist in trained surveyors, GIS analysts, and feature extraction
professionals, especially at state and local levels.
ii. Academia, industry & government collaboration is vital to build a skilled geospatial
workforce beyond elite institutions.
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Sh.  Abhishek Singh, Director General, NIC, led the session on “Keeping Pace with
Technological Advancements in Geospatial Fields” (virtual mode), with speakers on the dais:
Sh. Agendra Kumar, Sh. Alok Prem Nagar, Sh. S. K. Sinha, Sh. Kunal Satyarthi, and Sh. Roshan
Srivastava (from right to left )
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5. Exhibition of Products and Services

On the occasion of National workshop various government and private organization showcased
their products and services. Survey of India showcased the multilingual state maps, Geodetic
Asset Register (GAR) and Geodetic Asset Maps (GAM), 3D Mapping, CORS technology among
other SOI products. Sol distributed the GAR & GAM, State maps to the visitors.

Private organizations showcased their software, hardware and services being offered for geo-
spatial work.

Details of organisations and Industry partners showcased during exhibition are as follows.

Government Organisations Industry partners

Survey of India Aarvee engineering Consultants Ltd
Department of Land Resources ESRI India

National Mission for Clean Ganga Hexagon India

Ministry of Panchayati Raj (MoPR) IIC Technologies
LTIMindtree Ltd

RMSI Pvt Ltd.
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6. National Workshop Outcomes

1.

Strategic Alignment with National Vision: The workshop clearly positioned the
geospatial ecosystem as a core enabler of Viksit Bharat 2047, reinforcing its role in
governance, economic growth, infrastructure planning, climate resilience, and citizen-
centric service delivery.

Validation of National Geospatial Mission Goals: The discussions reinforced the

importance of the National Geospatial Mission and its alignment with the vision of Viksit

Bharat 2047.

Shift from Data Creation to Decision Support: Deliberations highlighted a clear

transition from standalone data generation towards application-driven, decision-support

systems, including Al-enabled analytics, geospatial foundation models, and agentic GIS
for policymaking.

Success of Mission-Mode Initiatives: Successful national initiatives such as

SVAMITVA, Operation Dronagiri, PM Gati Shakti, Bharat Maps, One Maps, Gram

Manchitra, and PARIVESH demonstrated how standardized and interoperable geospatial

data can deliver measurable outcomes on the ground.

Standards and interoperability identified as top priority:

i. Acknowledgement of the need for common standards, metadata, and semantic
alignment, and that standards are as critical as physical infrastructure for scaling
geospatial solutions.

ii. Metadata, semantic models and API/OGC compliance are necessary for national
scale integration.

Recognition of Interoperability Challenges: Persistent challenges related to fragmented

datasets, legacy systems, inconsistent schemas, absence of national registers (land

parcels, buildings, addresses), and limited API-based data exchange.

Growing Importance of Indigenous Capability: Strong emphasis was placed on

developing indigenous geospatial models, workflows, and platforms to ensure long-term

data sovereignty and reduce dependency on proprictary global systems.

Expanded Stakeholder Collaboration: The workshop strengthened collaboration across

central ministries, state governments, industry, academia, and international organizations,

creating momentum for a federated and participatory geospatial ecosystem.

Increased Stakeholder Alignment: The workshop successfully brought together a wide

array of stakeholders, including policymakers, industry leaders, and technologists,

fostering a unified vision for India’s geospatial future.
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7. Key Recommendations

1. Strengthening of Geodetic reference infrastructure:
i. Network Densification: Expanding the existing CORS infrastructure to ensure
comprehensive, high-precision coverage across all terrains.
ii. Operational Excellence: Implementing long-term sustainable maintenance strategies to
guarantee zero downtime and eliminate service delivery lags.
iii.  User-Centric Framework: Enhancing the end-user experience through modernized service
interfaces and a robust, transparent grievance redressal mechanism.

2. Operationalised National Geospatial Standards: Move beyond standards as documents
by embedding BIS, ISO, and OGC-aligned standards into national missions, platforms,
procurement norms, and project workflows. Need to finalize and publish the revised
metadata & core standards (high priority).

i. Issue the updated ISO/IS/NSDI-aligned metadata (ISO 19115 / BIS 16439
revisions) as the national baseline.

ii. Expedite operationalisation of LiDAR, ORI, Elevation and Geodetic reference
frame standards since the National Geospatial Mission will produce newer
datasets

iii. Provide concise implementer’s guide and sample XML/JSON templates for
common datasets.

3. Establish Geospatial Test Beds and Sandboxes: Create sectoral and state-level test
beds to pilot standards, validate interoperability, assess data quality, and refine
implementation frameworks before national scale-up.

i.  Set up 2-3 multi-theme testbeds for standards, APIs and validation.
ii. Use these as living labs for performance, quality check and interoperability
testing.

4. Develop National Spatial Registers: Prioritise creation of authoritative, continuously
updated national registers for parcels, buildings, roads, addresses, and geodetic references
to serve as common foundational layers.

5. Strengthen API-Driven Federated Architecture: Transition from static portal-based
data sharing to cloud-native, API-first, federated geospatial ecosystems enabling real-
time access, machine-to-machine integration, and scalable analytics.

6. Invest in Geospatial Al and Foundation Models: Accelerate development of
indigenous geospatial foundation models under the India AI Mission, leveraging satellite
imagery, sensors, and administrative data for multi-sector applications.

7. Enhance Capacity Building and Skilling: Launch structured capacity-building
programmes for central ministries, states, ULBs, academia, and industry to build
expertise in standards, metadata, Al, digital twins, and spatial analytics. Certification of
vocational training programme through NCVET skill council.

8. Encourage Modular procurements:

i. Encourage modular procurement (data as service, model as service).

ii. Model technical specifications for geo-spatial tender formulation in collaboration
with stakeholders.

30



10.

11.

12.

R el wderor favmT
, Survey of India

iii. Encourage industry adoption of rover/CORS workflows
Institutionalise Compliance and Quality Assurance: Introduce standard conformance
testing, certification mechanisms, and periodic audits to ensure consistent adoption of
geospatial standards across departments.
Promote Research and Academia & Government Collaboration: Encourage applied
research, hackathons, and real-world pilots through IITs, universities, and innovation
hubs to bridge the gap between labs and governance needs.
Ensure Ethical, Secure, and Responsible Use: Embed principles of data privacy,
security, ethical Al, and responsible data sharing within geospatial policies and system
designs.
Strengthen Role of Survey of India as Anchor Institution: Reinforce Survey of India’s
role as the custodian of national geodetic reference frameworks, authoritative base
datasets, and standard harmonisation across sectors.
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Modernization and
Strengthening of National
Geodetic Reference Frame

Presented by-
Cdr. P K Srivastava (Retd), Scientist ‘G’
Ministry of Earth Sciences, Government of India

December 2025

What is National Geospatial Mission?

Why National Geospatial Mission (NGM)?

Initiative to build foundational geospatial infrastructure, create a comprehensive
data ecosystem, and modernize land records using the PM Gati Shakti framework

NGM will Enable:

PM Gati Shakti & infrastructure planning

Land governance & SVAMITVA

Disaster risk reduction

Urbanization & Digital Twins

PEVBET

Climate resilience & Blue Economy

*
*
*

Page 2
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Geodetic infrastructure in India
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India is making significant strides in strengthening its geodetic capabilities through five key pillars: horizontal and vertical datums, gravimetric networks, tidal observation

Activity Description

Horizontal Datum & Establishing a consistent global/geodetic control framework using
Reference Frame GNSS and ITRF standards.

systems, and geomagnetic studies.

Defining a stable reference surface for elevation and sea level

Vertical Datum monitoring across India.

Measuring Earth's gravity field to support gecid madeling and

Gravity Measurement | & e deformations.

Tidal Observation Monitoring sea levels to support coastal safety, navigation, and
inundation studies.

Measuring Earth's magnetic field variations for navigation,

Gegmagnetic-Survey geophysical, and scientific purposes.

Using space geodesy techniques (VLBI, SLR) to accurately

Geodetic Astronomy |\ ine Earth's orientation and posiions.

GNSS and CORS Network Distributed network of GNSS stations providing real-time position

AR P e SR data for mapping and engineering works.
Data Modernization & |Upgrading and standardizing geodetic data collection, storage, and
Coordination sharing with global systems.
Page 3

Where NGRF fits in National Geospatial Mission

Core Components of NGM

A. Modernization & Strengthening of National Geodetic Reference Frame

Miniatry Sciences
#5 Covolinga

The Geodetic Reference Frame is the first

brick.

A.1 National Horizontal Reference Frame (NHRF)
* Ortho-imagery, DEMs, Digital
Twins, land records—all depend

B. Geospatial Data & Mapping Infrastructure on NGRF
* Ifthe reference frame is

A.2 National Vertical Reference Frame (NVRF)

C. Geo-ICT Infrastructi " : ; :
e Sltie sl inconsistent, everything built on

D. Training & Capacity Building top inherits that error

E. Technology Development

Page 4
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Why Modernization of NGRF is Urgent?

Limitations of Legacy Reference Systems

NHRF referenced to International Static, passive Ground Control Vertical datum based on 1808 Mean Absence of national high-accuracy
Terrestrial Reference Frame Points inadequate for real-time Sea Level {MSL) assumptions no geoid limits GNSS-based heighting
(ITRF)2008, {epoch 2005) shows Global Navigation Satellite System longer scientifically valid
30-80 cm drift (GNSS) & Real-Time Kinematic
(RTK) services

®

Active ics & i 4D, Modern applications require Continuously
Horizontal & vertical frames not fully time-dependent reference frames Operating Reference Station (CORS) + space
integrated geodetic technigues

Page 5

Why NGRF Matters For Viksit Bharat

Ministry of Earth Sciences
#5 Goviofinga

Precision engineering & mega Flood, storm surge &
infrastructure projects inundation modelling

Coastal subsidence & sea-

level rise monitoring
Long-term monitoring of:

Crustal deformation
® Seismic strain

River interlinking & water * Climate change signals

resource management

Digital Twins requiring cm-level Precision agriculture & PNT-

spatial fidelity enabled services

Page 6
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National Horizontal Reference Frame (NHRF)

Key Modernization Actions

Ministry of Barth Sciences
&5 Cowotinda

: y
%

Upgrade and densification of ~1045 CORS stations Redefinition of NHRF in ITRF-2020 (latest epoch) Development of:

*  Spacing: ~60-80 km *  Plate-fixed coordinates
*  Real-time accuracy: 3—4 cm (Network RTK) * Inira-plate deformation models

- ]
Reduced reliance on passive GCPs. niques: Online transformation services for legacy
*  VLBI - Earth Orientation Parameters datasels
* DORIS — orbit & plate motion
* SLR - geocenire stability
Page 7
National Vertical Reference Frame (NVRF)
Atiey o Eart Scences
#&  Covofindia
Scientific Redefinition of India’s Height System
Development of high-resolution national geoid medel|
Readjustment of High Precision Levelling Network Redefinition of Indian Vertical Datum using *  ~I0emsocuracy (plalfis)

geopotential numbers ¢ 50-100 cm (Himalayas & islands)

Edipuoid

GNSS + geoid enabling enline erthometric Medernisation of 36 tidal observatories
haights *  Radar tide gauges Integraticn of land—coastal-marine vertical

*  GNSS co-location reference systems

P 8
. * Real-ime data transmission
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Major Applications using CORS Network

’
aple—
Infrastructure and Agriculture and Mining Transport and Aviation Disaster and Scientific Sectors
Construction
Large-scale projects like high-speed rail Precision agriculture uses CORS for Transport sectors, including roads and Disaster management and emergency
(NCRTC), irrigation, dams, smart cities. aulo-navigation and machine control railways, leverage CORS for engineering response ulilize CORS for rapid data
railroads, canals, and drainage planning gain optimizing yields and resource use. construction and real-ime positioning. collection and ground truthing.
from CORS for precise surveying, mapping, Mining benefits from accurate asset Civil aviation improves with enhanced Scientific fields like meteorology, seismology,
and manitoring without base station setups. It management, land use change navigation and safety through centimeter- fydrology, plate tectonics, and space weather
supports revenue map updates undsr detection, and operational efficiency. level data studies access consistent reference data for
SVAMITVA and state boundary management research.
< 3

Page 8

Case Study 1: Coastal Subsidence

e
Ministry of Earth Sciences
&5 Covtofindia

B Deltaic regions & ports Climate Change Socio-economic Development
. : . Accelerated sea level rise Urbanization and Population Growth
experiencing subsidence Extreme weather events Increased Water Demand

Reliance on Groundwater

Impacts

" MSL-based heights unreliable

Increased Flood Risk
Damage to Infrastructure

® Geoid-based VRF improved flood

Sea-Level Rise

mode]ling Disruption of Water Management
3-10 mm/year Loss of Life
" Supports Sagarmala & Coastal A
resilience I
Page 10
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Case Study 2: Metro & Tunnel Projects

By
Ministry of Barth Sciences
&5 Cowotinda

DISTANCE METER]

® Requires cm-level horizontal & vertical accuracy

B GNSS+ geoid based heights reduce
misclosures

® Prevents alignment errors in long tunnels

" Critical for urban infrastructure safety

Reflection Number Location of estimated fractured
zones

Low driling energy

30
(m
Pilot Tunnel )

Driling energy coefficient
(Wem?)

Page 11 Main Tunnal (Unopaned)

Benefits of Modernization of National Geodetic Reference Frame

Minlatry o Earth Sciences
#5 Covolinga

Centimeter-level Accuracy Nationwide Uniform Pan-India Coverage

Denser CORS network improves atmaspheric error Eliminates gaps in remote and northeastern regions,
modelling and delivers ~2—3 cm reliable GNSS m ensuring consistent 24x7 access without dependence on
positioning across diverse terrains local base stations.

Cost & Time Efficiency Disaster & Climate Resilience

Reduces survey costs by 50-70% and shortens survey / \ Strengthens flood, coastal, subsidence and seismic
timelines from days to hours for infrastructure and land \ / monitoring, especially under monsoon and extreme
records. weather conditions

Scientific & Strategic Capability
Enables long-term crustal deformation, sea-level and Earth
system monitoring with >99% system uptime.

Enabler of Digital & Emerging Technologies
Supports Digital Twins, UAVs, LIDAR, autonomous systems,
precision agriculture and high-accuracy mapping

Page 12
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Recommendations & Way Forward

Infrastructure Recommendations

* Densify CORS to 5-10 km spacing (from 60-80 km),
adding 5,000+ stations in urban/coastal areas.

* Expand levelling networks to 70,000 km with gravity ties
at 500+ benchmarks, incorpcrating GNSS at tide gauges
for NVRF redefinition.

* Integration of advanced space geodetic technigques such
as VLBI, DORIS, and SLR.

®* Deploy real-time data centers for VRS services and
integrate Quantum-NavIC receivers for self-reliant
positioning in dynamic environments.

Page 13

VIKSITaNDIA

2047
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Ministry of Barth Sciences
&5 Cowotinda

Policy Recommendations

Mandating ITRF2020 adoption for NHRF/NVRF via
BIS standards, including dynamic epochs and
gravimetric geoid models for interoperability with

global systems.

Allocating dedicated funding for CORS densification
and NavIC integration.

Establishing inter-ministerial coordination under
DST-Sol for Geo-ICT platforms linking to PM Gati
Shakti, with mandatory use in infrastructure projects.
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Geodesy

IIT KANPUR

National
National Workshop on Strengthening of Geospatinl Ecosystem C:nltor:afor
G

Establishing Geodetic Reference Frame for
India: Issues, Concerns & a Way Forward

Prof. Onkar Dikshit
(contributions from: Prof. B. Nagarajan, Ratnesh Kushwaha, Dr. Revathi Nagarajan, Anuradha Sharma)

National Centre for Geodesy
Department of Civil Engineering
Indian Institute of Technology Kanpur
Uttar Pradesh, India- 208016

23-12-2025

Introduction

* Reference frame provides origin, orientation and
scale unit of a coordinate system. i

* Significant as a starting reference point for
multitude of activities.

* Forms a basis for providing precise geodetic
position on earth’s surface.

+ Can be Global or Regional in nature: >

a. Global frame: ITRF versions, PZ-90, GTREF, etc.
b. Regional frame: SIRGAS, EUREF, PGD2020,
GDA2020, etc.

Image Sou
53 101.
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Current Status of Indian CORS Network

Operational Sol Reference Stations
von Operational Sol Refarence Stations
Referonce Station Operatad by State Govt

Set up by Survey of India (Sol).
Installation of 1042 CORS in India.
Coordinates are provided in ITRF2008 epoch 2005.0.
Provides two types of services:
a. Real-time positioning services.

b. Reference data services.

Figure: Current status of Indian CORS network

Image Source: https:/ /cors surveyofindia.gov.in/cors-
________ services.php

22-12-2025

Need of new Indian Reference Frame

As of now, no precise geodetic reference frame for India.

International Terrestrial Reference Frame (ITRF) can’t give a true representation
of region-based modelling and its applications.

To cater for a wide range of geospatial and engineering applications.

Aim to generate a highly precise horizontal and vertical geodetic network for
India.

Right time to utilize state of the art technologies to define the new
geodetic reference frame for India!

1]
=]
i
(=)
E=]
[
-
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Summary of Global
Developments in
Regional Reference
Frame

Mcdernization of Naticnal Geospatia

Latin SIRGAS1995  SIRGAS 2022 isa Two- 537 stations + 128 IGS .
America SIRGAS 2000 tier network. reference stations .
SIRGAS 2022  One core network and worldwide .
national reference
network .
Based on 1Gb14 at epoch
2015.0 .
Australia GDA 1994 GDA 2020 is a Single 109 Australian Fiducial =~ -«
GDA 2020 order network. Network (AFN) stations  «
ATRF 2014 Based on ITRF 2014 330,000 GCPs .
epoch 2020.0
Taiwan TWD97 (1997) Single tier network 380 CORS from 2000- .
TWD97 (2010) Based on ITRF 2005 2016 .
epoch 2010.0 672 campaign GNSS

stations from 2002-2015
(session of ehr/year) .

42

Constellations: GPS and GLONASS
22 years of RINEX data

Quality check based on residual
analysis of solutions

Processing: Using Bernese v5.2 and
GAMIT/GLOBK software

Loosely constrained position sol.

GDA2020: Plate-fixed /Static Datum
Observations taken after 1994
Processing: AUSPOS based on
Bernese V5.2

Adjustment: Indigenously
developed DynaAdjust software
ATRF 2014: Dynamic Frame

Static reference frame

Inclusion of the surface deformation
model

Processing: Bernese v5.0
Development of a secular velocity
grid model using Kriging approach
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Type of

Philippines

Albania

New
Zealand

PGD2020

ALBCORS
2019

NZGD 2000

Three order geodetic
network

Based on ITRF2014
epoch 2020.0

Three order geodetic
network

Based on ITRF2014
epoch 2019.0

Six order network
Based on ITRF 1996
epoch 1996.5

55 CORS sites

66,375 GCPs .
17 IGS stations .
27 reference CORS .
sites

548 stations .

33 Zero and First order -«
CORS sites .
3366 lower order GCPs  «

« Processing: Bernese v5.2 software
Weighted least squares adjustment
Constraining using ITRF network
Inclusion of national deformation
model by estimating site velocities

Data: 10 days, 1 second epoch
interval

Processing: GNSMART Geo++
software

Coordinates transformed to
ETRF89 and ETRF 2000

Data: From 1992-1998

Processing: GAMIT software
Adjustment of lower order
network by constraining zero and
first order network

Incorporates deformation model

Philippines Geodetic Network Selected IGS Stations
o = = TR
3 Q = L A
! o ‘ - = ° FHAD  Gapa
: ® .#""ﬂ Mo @
i ©nsc [ 5 ,.‘ mw Mm;wm
H ° o B
= @Hton
& coco ° ©DARW
Logendt &
b ;:—d--——(-iu-ymu °
@Auc
Figure: Philippines Active Geodetic Stations and IGS stations (Modernization of PGRS 2021)
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GNSS Permanent Station Network

1%t Order Passive Network
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Figure: Geodetic network in Albania (ALBCORS 2019) (Nurce 2022)

Reference Frames)

frame.

(Kushwaha et al., 2024).

and adjustment software.

Major Observations (based on Review of Existing Regional

* Suitable GNSS constellations for development of reference frame: Currently with GPS,
and Inclusion of NavIC in future.

* Duration of observation data for processing: Creater data volume leads to a more precise

give a true representation of region-specific changes (Kehm et al., 2022).

* Initial strategy for quality assessment of Indian CORS: Based on Multipath, Signal to
Noise Ratio (SNR), Cycle Slip Ratio (CSR), Data Availability, and Data Integrity

* Best possible software for GNSS data processing: Either Bernese or GAMIT/GLOBK;
both are equivalent (Kushwaha et al., 2025). Development of indigenous data processing

ise global ITRF frame: Doesn’t

* Need for our datum when we already have the most precis
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Better Choice of Adjustment: Single level adjustment Vs Tier wise adjustment:
Theoretically, Tier wise adjustment would be better. However, based on the vast Indian
CORS, a three-tier network would be ideal.

Set of Tier-1 sites among available 1042 CORS: Homogenous distribution of around 150-
200 CORS, ensuring their availability for at least next 25 years.

Choice for datum: Stati¢/Plate fixed datum or possibility of Dynamic datum: Most
realistic representation: Dynamic frames based on plate models; Practical sense: Static
Datum with plate models (Harrison et al. 2023).

Appropriate time to update the frame: Significant anthropogenic changes, natural
calamities, development of new correction models, and poor performance of a large set of
fiducial stations. Can be independently verified with instantaneous geocentric Epoch-

based Reference Frames (ERFs)iccernizarion of natscnal ssosparial

Research
Progress at IIT
Kanpur
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Development of Horizontal Datum for Uttar Pradesh
+ Consists of two parts: Quality assessment of the complete network and baseline processing & network
adjustment of the fiducial network.
Quality Assessment (QA)
* Preliminary analysis on CORS quality.
+ Easy to apply QA checks based on existing software.
* Outcome of QA: Good, Average, or Poor station.

Based on this analysis, the fiducial stations (backbone stations) have been found out.
QA Parameters

* Data Availability, Data Integrity, Signal to Noise Ratio (SNR), Multipath, and Cycle Slip Ratio (CSR).
Datasets and Software

+ 66 CORS were chosen from Uttar Pradesh for this analysis.

« Raw Data: RINEX 3.04 version daily files with 30-second epoch interval from March 2022 to December 2024.
+ Software Used:

¥ For QC assessment: Japanese command line-based tool RINGO (RINEX pre-processing using GO
language) developed in 2023 along with the use of Python shell scripts.
¥" For baseline processing & network adjustment: Popular scientific software GAMIT/GLOBK was used.

22-12-2025 Modernization of National Geospatial Infrastructure 13

Classification of UP CORS network based on QA Results

N
* Based on the statistical measures from

QA, stations were classified into five [
classes. L o=

*+ Might be a possibility that station
reflecting poor QC results has good

coordinate reneatahilitvy. but in ocen
cooramarte repeatabuity, but m gen

vice versa doesn’t hold true.

Classes of UP CORS |
* B=st(14) :
* Good (11)

O Average (21)

O Below Average (09)
W Poor (1)

[ UP state boundary

77° 78°
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Tier 1 and Tier 2 network
+ Tier 1: Fiducial network (24 5"‘ ‘ :

stations).
* Tier 2: Second-order network.

* Selection of Tier 1 sites: Based
on good quality station (A
subset of Class 1, 2, and 3
stations)

ensuring uniform

geographical distribution.

LAy

NIGH
A o
QD GLAKH

KitAR

Kilometers

>z

A ™=

@ ™=u

[ e sounasay

Eri,COIAR, UGS

Processing of Tier 1 stations in the GAMIT/GLOBK v10.76

+ GAMIT/GLOBK supports multiple
GNSS constellations. 1t uses user-
friendly shell scripts and integrates
robust models that ensure that the
data is corrected and processed to
the required accuracy standards.

* The use of advanced algorithms for
outlier detection and correction,
ambiguity resolution, and performing
network adjustment using different
sets of constraints.

* Used 22 global IGS core sites to
process and adjust UP CORS

network.

* Fiducial Stations
# IGS Stations
Uttar Pradesh state bounday
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Strategy for GNSS data processing

Observation data of these fiducial

station from March 2022 to December ; ¢ L

2024 were processed in the ; i

GAMIT/GLOBK software version - "
=R e oSSR

The daily solutions in GAMIT were
used to generate a time series of
positions using GLOBK.

The residuals in N, E and U were
examined for outliers.

© 4

e =

= »

After removing 3o outliers, the daily . = g

data were combined in GLOBK to * = S

. . . - =)
provide a single solution for the year Il . f 54 s
T e e e W e m e e W

in the ITRF 2020 reference frame at
epoch 31%t December 2024 at 12:00:00.

Felsrence laliude 25545314128
T

AURA A = 24 £ 024wy
¥, =35 £ 128 mmyr WEMS = 1.4 mm. NAMS = 0.78
1S = 1.7 mm, NRMS = 0.72
Wk Lot

Ratorancs lafitsds. 28,138373856°N
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L
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b L o a

T

Pelersnce eipsoc heght. 752082 =

08C 120 10 A0 24¢ 20 2O W0
2023

=18 12
WAMS = 7.5 . NAMS = 0.67
T

Figure. Position time series of station AURA & FARI

2023

Classification of Assam CORS network based on QA Results

90.000°E 93.000°E 96.000°E i
Similar exercise on the Assam z| ASSAM A z
(= (=]
CORS network. 8 w18
& 54
* s 2. DIBR TINS
High geophysically active zone R
. . DHAK: *
(Seismic Zone V). S _° e
.
. . - | STELE AMGU 'B\Hu
QA done using 35 CORS in o s . P IC
Assam based on around one o g O
. . = p— A = SUE A 1 JTHO SR z
year (mid 2024 to mid 2025) of & A : £
= ABONN .BORL 8
RINEX datasets. 8 A ]
AIJMP.CI
Strategy can be extended to o
. d
other Indian states. " i
L A CORS Station Class
e A Worst Station
N TG ® Below Average Station
# Average Station
g o 50 100km * Good Station z
§ | A Best Station H§
3 afrd
2 93.000°E &

96.000°E
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Novel Approach to Realize an RRF: Epoch-based Reference Frames (ERF)

*  Realised on an epoch-wise basis (i.e. weekly) and provided in the form of station position time series.
+  Aims to provide a direct geocentric realization of a reference frame throughout its observation period.
*  To tackle the problem of non-instantancous geocentricity of conventional secular reference frames.

*  Problems in regions with high geophysical activities; the northern part of India, being close to the Himalayan region, is
more prone to earthquakes and other natural calamities.

*  Conventional Frame using GNSS only solution: Datum paramecters arc realized by aligning the frame to a global frame,
such as ITRF2020 or IGS2020 frame.

* Torealize an Epoch-based Reference Frame:
% Origin: Realized by global network of Satellite Laser Ranging (SLR) stations,
% Scale: Realized by weighted mean of global network of SLR & Very Long Baseline Interferometry (VLBI) scales.
% Orientation: Either GNSS or Doppler Orbitography and Radiopositioning Integrated by Satellite (DORIS) technique.
+  Conventionally, it doesn’t require a very long interval of datasets to realize an ERF.
*  Mote relevant to near real-time applications.
*  Can't be reliably extrapolated to an arbitrary epoch outside the observation period.

*  Needs to be an operational product; regenerated on a regular basis.

Mcdernizetion of Naticmal Geospatial 4

GNSS network tr

—GNSS un y (NNT) ——unfiltered, mmhmed (from SLR) filtered, combined (from SLR: "‘
T IV i D
Eor | W
x
l
20225 2023 2023.5 2024 2024.5 2025
1 %W/x %WMWM A
= ‘M e
= 20225 2023 20235 2024 2024 S 2025
T A ;
MMW:”’WW : AWPIR W
LA VY M A
L

20225 2023 20235 2024 2024.5 2025
* In GNSS-only solution, origin is realized by applying No-Net Translation (NNT) constraint w.r.t. a priori frame.
* Inan Epoch-based Reference Frame (ERF), origin of a regional frame is realized by SLR only.

+ Observation: Less Scatter in Unfiltered” and Filtered” ERF solution in comparison to GNSS only solution while
computing helmert transformation (HT) parameters w.r.t. a priori frame i.e. ITRF2020-u2023 frame.

: Classic ERF Solution
E!‘F solution to bricge obserwvational gaps
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Publications

+ Gandugade, P., Shekhar, R, Nath, S., Balasubramanian, N, Dikshit, O. (in press). The Role of Satellite Laser Ranging in
Space Geodesy: Developments, Applications and Indian Perspective. Crerrent Science.

+ Kushwaha, R., Nagarajan, R., Sharma, A., Goyal, R., Dikshit, O., & Balasubramanian, N. (in press). Comparative assessment
on scientific & online GNSS data processing software based on Indian CORS sub-network. Journal of Surveying
Engineering. httpsy/doi.org/10.1061/fSUED2/SUENG-1602.

+ Goyal, R, Kushwaha, R., Dikshit, O., 2024. National Geospatial Policy: Present status and a way forward towards
unambiguous and  consistent geodetic  positioning in  India. Current Science, 127(2), 147-152
httpsyfroww.currentscience.ac.in/Volumes/127/02/0147.pdf

Modernizalion of Nz

S i s

2Z-12-2028

Conferences

* Kushwaha, R, Blofsfeld, M., Kehm, A., Balasubramanian, N., Dikshit, 0. Comparative Assessment of Epoch-Wise Realization of a
Regional Reference Frame With Conventional and Innovative Approaches Using Indian CORS Sub-Network Observations. In: IAG
Scientific Assembly 2025, Sep 1-5, 2025, Rimini, [taly.

* Dikshit, 0., Balasubramanian, N., Goyal, R,, et al. Building India's Geodetic Future at NCG-UIIT Kanpur. In: [AG Scientific Assembly
2025, Sep 1-5, 2025, Rimini, Italy.

*  Kushwaha, R., Bloifeld, M., Kehm, A, Balasubramanian, N., Dikshit, 0. Initial Findings on Epoch-Wise Realization of a Regional
Reference Frame Using Indian CORS Sub-Network Observations. In: EGU General Assembly 2025, 27 Apr-2 May 2025, Vienna,
Austria. https://doi.org/10.5194/egusphere-egu25-5046.

* Kushwaha, R, Nagarajan, R, Sharma, A, Dikshit, 0., Balasubramanian, N., 2024, December. Assessing the Quality of the [ndian CORS
Sub-network: Insights and Findings In: American Geophysical Union Fall Meeting 2024, December 9-13, 2024, Washington D.C,,
USA.

* Kushwaha, R, Nagarajan, R., Sharma, A., Goyal, R, Dikshit, 0., Balasubramanian, N., 2023, December. Towards Realizing the Indian
Horizontal Datum: Initial Results from CORS Subnetwork in the State of Uttar Pradesh. In: American Geophysical Union Fall
Meeting 2023, December 11-15, 2023, San Francisco, USA.
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Appendix

A

time
£ -

+ Instantaneous station position X(t;) related to the CM of the Earth

* Sum of n conventional correction models Y, AX,,(¢;)

* Regularized station position X (t;)

» ITRF station coordinate X rgr(fo) and station velocity X rpr(to)
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Modernization and
Strengthening of

National Geodetic
Reference Frame

G. Varuna Kumar,

Additional Surveyor General,
NIGST,
Hyderabad

Modernization and Strengthening of National
(Geodetic Reference Frame

Redefinition and Strengthening || Modernization and Redefinition
of National Horizontal of National Vertical Reference

Reference Frame (NHRF) Frame (NVRF)
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National Horizontal Reference Frame —
Evolution
. Great Trigonometrical Survey

*The aim was to provide a scientific
Framework for Surveying and Mapping
accurately.

* One of the biggest scientific exercise of 19™
Century.

« About 3000 GTS stations were established.

* The GTS based Reference Frame was being
used as a reference for all Surveying &
Mapping activity in the Indian sub-
continent till 20t century.

National Horizontal Reference Frame -

Evolution
GCP Library

* Geodetic Control Point (GCP) Library
* Since the mid-1980s, the use of GPS for the
establishment of precise control points has
grown steadily.

* Establishment of GCP was started in 2005 and
completed in 2014.

» About 2500 GPS based Ground Control Points ° S
(Phase —I 291 Nos and Phase-II 2260 Nos)
spread at a spacing of 30 to 40 km across the
country were established.

* Since 2005 till 2022, most of the surveying and
mapping was carried out w.r.to GPS based
ground control points library.
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National Horizontal Reference Frame -

Evolution

* Continuously Operating Reference Station

(CORS)

* For upgrading GRF to provide online access to
GRF and to provide high precision positioning
services, Sol initiated Establishment of CORS
Network in 2019 and as of today has
established 1145 CORS stations all across
country.

https:/ /cors.surveyofindia.gov.in/
* The CORS Network is available 24 hours per
day, 7 days a week and 365 days a year.

* The CORS Network is capable of providing 3
to 4 cm accurate real time positioning.

Redefinition and Strengthenin

* Redefinition of NHRF
« Static Plate Fix coordinates in Latest ITRF realization
* Rigid Plate Motion Model
 Intra Plate Deformation Model

* Development of Transformation models

* for converting legacy data to redefined Reference Frame
* Strengthening of Online access to Reference Frame

* Reference Data Services

* High accuracy Real time positioning services

* Densification of CORS Network

* Enhancing ICT infrastructure

* Integration of Modern Space Observation systems
with NHRF
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National Vertical Reference Frame -

Evolution

v" India’s Vertical Datum was
established 1i1n 1909, with
reference to Mean Sea Level at 9
ports of Indian peninsula.

v" Primary Level Network was laid
by 86 levelling lines that were
adjusted in 29 circuits for total
19,775 km observed from 1858
to 1909.

v" Subsequently over the years,
network was further extended
and densified in other parts of
the country.

v At every 25 to 30 km apart

Bench Marks established.
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| TIDE GAUGE ZERO = CHART DATUM |

TIME 0 to 24 hours '

| VISAKHAPATNAM CHART |

National Vertical Reference Frame -

Evolution
v" The levelling height information of ;:
First Level Net were more than 2
100 years old. A
+  Computed without wusing actual
gravity

« Many of Bench marks established
earlier were destroyed

*  Due to Tectonic Movements Earths
Surface has been distorted since then

+ Intrinsic biases and distortions due to
technical limitation
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National Vertical Reference Frame -
Modernization and Redefinition

* Redefinition of NVRF
* Densification of High Precision Levelling to all parts of
Country
* Geo-potential Numbers
¢ Re-establishment of Gravity Reference Points
* Development of Computation Model for adjustment of
Gravity Data
* Development of Transformation models
« for converting legacy data to redefined Reference Frame
* Development of High Accuracy Geoid Model
* Hybrid Geoid Undulation model
* Integration of Geoid Undulation service with CORS
corrections

* Modernization & Strengthening of
Infrastructure

National Vertical Reference Frame -
Modernization and Redefinition

v" Under Redefinition of Indian v" Hybrid Geoidal Undulation model
Vertical Datum. High ¢ Through Satellite and
precision levelling network of Terrestrial Gravity data fitted
about 2,45,000 Lin Km, on Levelling based height
completed. reference system.
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Types of Geoid-Referenced Heights

Geopotential Number (Cp)

The fundamental
physical quantity.
T+ ic tha nAatanéial
1L ID Lic IJULCI ILICII

difference between

the Geoid (W,) and a
point P (Wp).
Cp=Wo—Wp

Orthometric Height

Dynamic Height

Derived by scaling the
geopotential number by a
standard gravity value (yo). It has

no geometric meaning but
is physically rigorous.

g
Hgynzﬁ M
Yo

The geometric distance from the Geoid to
point P along the curved plumb line.

Calculated using the Geopotential Number
(Cp) and the average gravity (g) along the
plumb line.

Cp

Hp e

)
Since measuring gravity inside the Earth's
crust is impossible, we use models (like the
Prey reduction) to estimate g.
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Benefits of Modernization Geodetic Reference Frame

Provide aceurate and efficient means for positioning land
information.

Ensure consistency and compatibility of geospatial data
collected by different organizations

Enable researchers to detect subtle changes over time in
various Earth systems

Support location-based services with real time precise
posilioning services

Foster collection and management of Geospatial data in
real /near-real time and boost associated economic
acltivities,

The Future: Scientific & Accurate

Climate
5 Infrastructure itori
@ Geopotential-based Helmert i \;k lenitorle
Orthometric Height system N /NS |
& Integrates high-precision levelling

@ Aligns with global scientific
standards for accurate
infrastructure & climate monitoring
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G=N=3YS

An Advanced Geospatial Mapping
Content and Solutions Company

Iull

G=N=8YS

India’s Leader in
3D Digital Twins

N

High Definition — High Precision

Mapping

60



Genesys High Definition — High Precision Mapping Adopted Across India

%
T @ ° N |
bllS‘ln cqqhnc THE TIMES OF INDIA
L= LR L ® L 5 .
Gampanies | Markes | Porfolio / Opinion + Economy | () PResM Genesys' 3D digital twin platform adopted as official map
for Ayodhya
Genesys wins GOVCOHnect Genesys International, India's leading mapping company, has been chosen by the ayodhya Development
PRr— Authority as the official map for Ayodhya city. Their new India map platform integrates cutting-edge 2D
Awal'd fOI‘ VaranaSl Dlgltal navigation and a 3D-digital twin of the entire city, providing an immersive experience. The map will Include
Twin platform
The Genesys New India Map Stack deployed in Varanasi provides a i . .
higgh-precision 3D city model with 5-centimeter accuracy Genesys Bags Mandate To Use Digital Twin Tech For Dharavi
P NOTV |Profit Redevelopment
The orde o at Rs 22 erore and is anticipated to be completed within a timeframe of nine months,
vy Py
r "%

GEJYSPATIAL WORLD

Pune to Adopt Genesys
International’s Digital
Twin

Tar Ecovomic Tives

Mumbai: BMC Initiates 3D Digital Mapping Project For Extensive
Urban Planning

The BMC will be taking the help of artificial intefligence for more accurate restlts.

‘CA? ction

Hubballi Dharwad joins the digital transformation: Awards
3D map contract to Genesys

And many more.....

Viksit Bharat

G=NZ=S5YS

"Harness the
capability and
content of
companies like
Genesys who

ST have done
pioneering
work."

INDIA'S - Shri Amitabh Kant
PROGRAM BY CEO, Niti Aayog
GENESYS INTERNATIONAL
The latest revolution in mapping
THE DIGITAL TWIN
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The Genesys Constellation G=N=5YS
Constellation of Platforms and Sensors
Mobile LIiDAR Mobile Panoramic
- L
@i
= o —

Mobile LlDAR

=i s+ ii. i e ﬁ
Drones ! ! [T a sl Usl Trolley LIDAR  Backpack LiDAR
C=N=DTO

Our Digital Twin
Portfolio

Multiple Cities Across

India
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World’s Most Complex Urban Renewal Project G=N=SYS

Dharavi

= —

High Impact
Urban
Renewal
Project

Award Winning L~

Implementation

of a Digital Twin
for one of our
Oldest Cities
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Economic Capital: Huge Urban Infrastructure Impetus
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G=N=5YS

High
Precision
Urban Infra

Prediction
Modelling
Disaster
Management
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World’s Oldest Cities: Spiritual Center G=N=SYS

Preserving
our Culture
and Heritage 2

3D Spatial
Revenue
Enhancement
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A Truly Diverse Digital Twin Portfolio G=N=5YS

One of the
Largest Urban-
Spatial Digital
Twin Mapping
Exercises in the

SRS,

j Ludhiana

Genesys

Real-Time and *  Physics-Based Modelling

S Real-Time ‘What-if’ S i
Efe,‘"cf'T"e. PREDICTIVE TWIN =i e ey
A Jwins * Recommended Actions

>

Artificial Intelligence for:

AUTONOMOUS TWIN * Data Analysis

Change Detection (Temporal Analysis)

Attribute Linking/ Joining

l NTERACTIVE TW' N x Document and Media Integration

Search and Query Tools

Sensors and loT(CCTV, AWS, Smart Pole etc.)

INFORMATIVE TWI N : zraéavl:}c[u\;l:ication at Asset Level

Connect Data Using API Microservices

Virtual Asset +  Real World Visual Replica
Digital Twins Accurate 3D Geometric Model
g G EOM ETR I c TWI N «  Platform Agnostic Datasets (Unreal Engine and NVDIA
Omniverse ESRI, Bentley, Autodesk, Cesium, Open
Source, etc
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G=N=SYS

$3 Trillion of our $4 Trillion Economy comes from

Urban India

All India Navigation Maps G=N=5YS

India’s Most Leading the Way with

Advanced Extensive Pan-India Coverage
Navigation

Maps N 7000+ cities/Towns
490M 40M +
Building Footprints Points of interest & Addresses

8.3M 86K 22K

Kilometers Roads Clusters Land Use
; .
Localities Pin codes Road Attributes
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CORS and ADAS Announcement G=N=SYS

=\ =
ia CORS
Network

-{mageSmrrceSOI Announcing tOday

ADAS Level 2+ Maps

for entire India’s

National Highways and
Expressways

Elements of Road Safety G=NZ=SYS

* Building - Qutlines
® Lanes - Boundary, centerline, divider, marker, merge, split

* Obstruction Objects — Physical barriers. Noise barriers. Pedestrian Sign,
Traffic Sign, Warning Sign, Traffic Signal,

* Rail — Railroad crossings.

* Road — Centreline, ROW, Carriageway, Road Shoulder, Medians, Kerbing,
Bicycle Lane, Pedestrian, Parking Lane

¢ Road Network — Road Segment Connectivity, Stop Line, Junction, Speed
Humps, Rumble Strip, Interchange, Road Structures

* Road Side - Trees, Vegetation, Hydro features
* Parking — Space, Sign

* Street Furniture — Street Light, Traffic Camera, Bus Stop, Fire Hydrant,
Telephone Box, Kilometre Marker, POI, Advertising Hoardings, Gantry Sign
Board, Utility Pole, Landmark Feature

* Traffic Flow — Congestion, Congestion Level, Density, Flow Direction, Speed
Estimation
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Elements of Road Safety G=N=5YS

Lane Divider

Lane Centerline

Elements of Road Safety G=N=SYS

Road Centerline

69



LA |eeqor feramr
Survey of India

Elements of Road Safety GENS5YS

Elevations

5225550241

G=N=8YS

High precision mapping which will capture
road details at 5 cms accuracy.

Rumble Strips

Traffic Lights

Speed Signs

Right of way

Lane geometry

Road edges & barriers

Curvature & slope

Signage & road furniture

Road types

Elevation ~ .. Lamp Poles

'
R

e

4

.
£x3

X3

.

.
o

Lane Marki

- L Road Surface
Marking

§ 8 R

Lane Count
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Road Incident Statistics G=N=SYS

= 3% of the Road Networks contributing ' * 1.77 Lakh Road Accident
= 33% of Road Fatalities 5> deaths in 2024

- 0:0“ . * 4.62 Lakh Road Accident

Young [T officer killed, two hurt in

ent on Punc-Mumbai i 3 killed as bus rams ambulance at

FIVE DEAD, SEVERAL INJURED
IN MUMBAI EXPRESSWAY COLLISION

: — 6 killed, 6 injured as car overturns near
Mehkar on Samruddhi

G=N=SYS

From reactive
safety measures
To predictive,
data-driven
interventions

This shifts safety
from enforcement
after the fact to
intelligence before
risk materializes
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Land Records: Our Experience G=NZ=SYS

Bhu Hakku Patra: Andhra
Pradesh

Crucial document that states the
property’s ownership, rights, and privileges

Bhu - Land
Hakku — Claim / The Right
Patra — Paper / Document

» PROJECT DETAILS

* Full fledged Re-survey of all lands
covering 1.25 Lakh 5q Km

First of its kind in the country

Latest Technology — Aerial Mapping
Systems

Provide dispute & error free Bhu Hakka
Patram to Pattadar (Landowner) with
textual data {ROR) and Land Parcel Map

Land Records: Our Experience G=MNE5YS

Aerial Data Acquisition =~ ==sssssss)  Aerial Data Processing =) Land Parcel Map Generation

o~

T b SHSS) T Srde), HOake LrGY - 2010 %
A8 S8k frl Sxo T
AliTevs s S
Some, Seses 2 Hahodh Hedaln- 1 shen GEF
1o 100004 o5 595 scwi: AABBEOGRIYOHO jre

A

Real-Time Services
Nearest Base -—trw

I i

oy l
' j i
-SLA

Tpos 1500 Fosmed Decd D

Ortho Rectified Imagery — 4cm GSD
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Land Records: Our Experience
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G=N=5YS

& TEXT
P 85 Sobcin irds 0 7
evo
ot o, 20606 2 Soed Heresn-1
i ac: 087 o Ot s 573 Som;- 7AABBGDGRZYOHO

exthe: 035

D06, @B 2A8S) TS S HOG ErOE - 2020

B0
>0

035

ulin; AABBGOGRZYOHO
wsbliv_no - 124
lend_nature  Govt Land Govt Lard-
Setiamer

rt
land_chissification : Poramboke(P)
Canal WatorBody

khata_no: 20000500
patiadamame ; Ag

e =

Search Web

A

|

=

wme | wem |

wEm | e |

wEm | e |

Fpen 1:500

Foso e hdd' 54:3

Our Suggestions on CORS

Bhu Hakku Patra

»Spatial Data
* Map frame
* Map legend showing the geo-coordinates

* Map title showing the land parcel number,
extent etc.

+ QR Code showing the textual information of
respective Land Parcel Map.

» Accuracy
* True reflection

# Identification

* Easy Identification of land using geo-
coordinates

» Builds confidence in landowner since geo-
fenced boundary

G=N=5YS

* Accuracy is non-negotiable in real-world execution. Despite using best-in-class sensors like Trimble,
Leica, Pegasus Two, CityMapper and RIEGL, everything depends on the quality of the reference frame.

* CORS networks are critical but must be denser and more resilient. Urban canyons, mountains and
remote regions still face signal challenges that impact precision applications.

* Industry often deploys its own base stations to maintain accuracy. This operational reality highlights the
need for a stronger, more uniformly available national geodetic infrastructure.

* Vertical reference frames are as important as horizontal ones. Accurate heights underpin flood
modelling, drainage planning, coastal monitoring and reliable Digital Twins.

* India needs a coordinated national approach to geodesy. Treat geodetic infrastructure as national
public infrastructure, integrate advanced techniques operationally, and leverage industry capability

through structured collaboration.
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Modernizing India’s |
Geospatial Reference Frame |

Aligning with global standards in a dynamicworld S

Presenter: Olivier Casabianca

Trimble  eoasadseniesete
at a glance  [nbesuae e
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Technology leadership
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GNSS reference stations networks:
An essential infrastructure for any country

\
Backbone for geodetic Surveying, agl"lcuItU|'e, Sclentifle research
reference frames construction, etc.

@ Availability. @Stability. & Redundancy.

From static to dynamic frame:
Rethinking India’s reference frame

Passenger relative to the seat = India treated as fixed coordinates

T ¥ —3

7 = = _— == T fl| =N
H
-m-_m'm

B4 & & & & &4 & & & & & & & & & & & & & & & & & b & & & & & & & & & & & & & & b & & & B & & S &S S S B

Static ‘'seat’ frame today
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From static to dynamic frame:
From fixed assumptions to dynamic precise positioning

Passenger relative to the tracks = Indian Plate moving ~5 cm/year

Shift from static ‘seat’ to dynamic ‘train’ positioning

From static to dynamic frame:
The shift

The NHRF tracks India’s precise position on a global reference system

Dynamic frame - Global reference system
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The challenge:

Mapping a collision

Rising Himalayas
Tip of
r Indian plate —| |/ —|

o =

Eurasian |
Plate "

Indian

i
Plate |

Plate

1
!
Reference point

1
Reference point change

Horizontal: Plate collision in constant motion. Ground coordinates continuously shift.
Vertical: Redefining “up”. Gravity-based national Geoid replaces legacy sea-level.

Global context:
Aligning with international geospatial standards

CANADA
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Measuring continental drift:
From passive markers to active sensors

Legacy approach Modern approach

Fixed stone markers assume
no ground movement
— degrading accuracy
as the continent shifts

Continuous GNSS sensing —
"speedometer” measuring both
position and velocity

Dense CORS network
maintains millimeter-level
accuracy over time

Position updates are
infrequent, manual and
time-bound

Managing change without disruption:
Ensuring industry readiness

The risk: The solution: The commitment:
Changing the coordinate system OGC international Beta version of new models
can cause disruption for standards for seamless allows early practice &
surveyors on the ground software compatibility readiness on launch day

Video: NSRS/CSRS modernization overview
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GNSS CORS in India:

A success story

1105 523

Tolal CORS Trimble CORS
Fully functional CORS under Naksha

cantrol centre

vl L ; Video: Survey of India establishes CORS network

Lakshadweep TamiNadu

COPYRIGHT 2625, SURVEY OF INDIA

One network, multiple applications:
Future plans: CORS feeds for Trimble RTX Fast

What is Trimble RTX Fast? Maximizing the value:

Extending high-accuracy positioning

- PPP solution delivered via Satellite or the b :
eyond station coverage

Internetin real time, no base required

Strengthens national resilience and

Fast convergence (< 1 minute on ProPoint), interoperability

with RTK-level accuracy

Complementing national infrastructure,
maximizing the return on existing
CORS investments

- Leverages national CORS and global
GNSS infrastructure

Untethered {2} Efficient @ Accurate @ LEIELE
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UNITED NATIONS GLOBAL GEODETIC
CENTRE OF EXCELLENCE

“Geospatial Mission: An Enabler of Viksit Bharat”

Commemorating Survey of India’s
Participation in the Multilateral Memorandum
of Understanding on Strengthening the
Global Geodesy Supply Chain

Allison Craddock
Geospatial Information Officer, UN-GGCE

GLOBAL GEODESY

The global geodesy supply chain is the complete system that produces and delivers accurate geodetic data — from ground-based
observatories — through to the final products used in mapping, disaster management, and sustainable development.

OBSERVATORIES
Constant observations

of the Earth's shape,
orientation and gravity field.

ANALYSIS
Translate the raw data
into geodetic products.

GEODETIC PRODUCTS
Reference Frame, Gravity
Model, Earth Orientation
Parameters, and Satellite Orbits

E DE Learn More
7 htps/ggim.un org/UNGGCE/ K

'3

oL a

¢” \‘%J United Nations -

‘»’1 =Y ‘y Global Geodetic

NN Centre of Excellence Stronger. Together.
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UN General Assembly resolution {2015)

UN Global Geodetic Centre of Excellence

Survey of India, on behalf of the Government of India, joins
Multilateral Memorandum of Understanding (MMOU) on
Strengthening the Global Geodesy Supply Chain

) ) o « Promotes voluntary cooperation
MULTILATERAL MEMORANDUM OF UNDERSITANDING
S among the UN-GGCE, Member State
THE UNITED NATIONS GLOBAL GEODETIC CENTRE OF agencies, private sector companies,
EXCELLENCE (UN-GGCF) P > .
and academic institutions to

AND
[MEMBER STATE GOVERNMENT DEPARTMENTS AND AGENCIES, strengthen the Global Geodesy Supply
PRIVATE SECTOR COMPANIES, ORGANIZATIONS, ASSOCIATIONS, Chain (GGSC).
AND ACADEMIC INSTITUTIONS]
REGARDING * Raises awareness of the critical,
STRENGTHENING THE GLOBAL GEODESY SUPPLY CHAIN shared reliance on the GGSC for

accurate geadetic products essential

OPERATIVE SINCE 10 MARCH 2025 oz s S .
to positioning, navigation, and timing

PREAMBLE services.
“The United Nations Global Gesderic Centre of Excallenss (IN-GGEOE), and the Mamber Ste
overnment depermmenss and agencies, private sector companies, orgaaizations. assaciations and
sted & E : dely o e

Pasticipanis” and individually a5 a Participani”): &30\

Reaffivm their support of the United Narions Genersl Assembly Resolution ARFS/69,765 “A \‘{ @ | \\’)

‘global geoderic reference frame for sustminable development™. \i*\ E j[’//
D

the cxtent to which mod ty is the Global Geodesy Supply — N

Chain (3650 which includes-
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National Hydrology Project (NHP)
17 Dec, 2025

SURVEY OF INDIA
(DEPARTMENT OF SCIENCE & TECHNOLOGY)

AN W T
Survey of India

National Hydrology Project T

& SOl Role in NHP
* Major Deliverables
v'0.5 m DEM of 68 K Sq Km area
v'Geodatabase of 8.3 L Sq Km area
v'Capacity Building

® Additional Work
* Height to Hydromet stations of entire country
* Bathymetric Survey for River Cross Sections
* Geoid Model of 12 states
* DEM in Goa, Punjab, WB and Tripura — Nagaland
» Additional work in WB.. Geodatabase / 3-5m DEM
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Work done by Sol Under National Hydrology Project ) e dinn

Degariment of Science & Techaniagy

» Generation of DEM of 0.5 m accuracy
and 25 cm GSD ORI for 68,000 sq Km
area covering

* 5 km belt either side of river banks along
River Ganga, Yamuna, Ghaghra, Ramganga,
Gandak, Gomati, Sai, Kali, Betwa & Ken in
UP state

* Entire state of Goa and some parts of State
of Punjab, West Bengal, Tripura & Nagaland

» Status
Entire work completed & HR DEM
Data of 68,094 Sq Km area has
been supplied to NPMU/NWIC

2 Ay Wl
Survey of India

Work done by Sol Under National Hydrology Project ) s

NHP Zone for 0.5m DEM Final Data supplied to
NWIC

Lot#1 8,527
Lot#3 10,896
Lot#5 8,028
W Bengal Pocket 'C' 725
Entire State of Goa 3,697
Area in Punjab 486
Lot#2 9,563
Lot#4 11,665
Lot#6 8,865
W Bengal Pocket ‘A’ 2,496
W Bengal Pocket 'B' 3,147
Total 68,094
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Work done by Sol Under National Hydrology Project e ety

l
7. Degartment of Seients & Techaology

» Generation of DEM of 3 to 5 m accuracy and
1:25,000 scale GIS Map for 8.3 Lakh Sq Km Area
covering
* Ganga River Basin

* Brahmaputra River Basin

* Indus River Basin

= Sabarmati River Basin

* Mahanadi River Basin and North Eastern Coast
* Godavari River Basin

» Status
Entire work completed & Data of 8.3 L Sq
Km covering 4800 No. of 1:25k sheets has
been supplied to NPMU/NWIC

» Data Format.. Geodata base, Pdf and DEM

2 ety e fmm

Work done by Sol Under National Hydrology Project | et

i
-+ Depariment of Sciencs & Techasiogy

» Establishment of Continuously
Operating Reference Stations in
states of UP and Uttarakhand

* 81 CORS installed in UP and
Uttarakhand

* Made the observation of precise
positin faster and cheaper.

* Can be used to support various Geo
scientific and economical activities,
like monitoring Ground water level,
weather forecast etc.
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Work done by Sol Under National Hydrology Project e

Degariment of Science & Techaslagy

» Connecting Hydromet Stations to MSL
height

* More than 2000 Surface water stations are
being connected with MSL in the entire
country except Jammu Kashmir & Ladakh.

* SW stations of 22 states/IAs have been
connected to MSL so far.

* For the remaining states Survey of India will
complete the work by own resources and will

BADFSH

supply the data.
)
b o
Work done by Sol Under National Hydrology Project i
sl. | Name of |SWStobe|  sws SW Status|| g | nomeofiag | swstobe | SWS | SW |Statusof
No. | IA/ State |connected| connected Supplied toiof Data No. State connected ganuscte; buppiles Uata
NPMU  |Supply d to NPMU | Supply
1 [Telangana 115 109 109 16 [Puducherry 7 7 7
2 |BBMB 58 58 58 17 [Chhattisgarh 30 26 24
3 |Haryana g9 8 8 5 18 |Odisha 38 38 38
4 ove 21 1 21 2 |19 jassam 75 75 58 3
5 |Punjab 6 6 6 < || 20]Tripura 11 11 11 §
6 |sihar 61 61 61 3 ;; MEgals 25 15 L @
7 |barkhan 26 26 26 = Rajasthan 116 116 116
8 |up 42 42 42 .CE) Ll 24 - 0
e 24 [Karnataka 7 7 0
190 X"PB gf ZZ Zg £ |25 Maharashtra | 69 16 0 -
.20 26 |Uttrakhand 624 432 0 -
11 sikkim 21 16 16 = 27 |Arunachal Pd 45 25 0 -
12 Kerla 130 130 130 f_g 28 Nagaland 32 28 0 _
13 |Gujarat 104 93 98 i 29 [Manipur 13 0 0 B
14 P 41 41 41 30 |Mizoram 16 0 0 .
15 Tamilnadu 199 199 198 TOTAL 2071 1737 1185
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Work done by Sol Under National Hydrology Project L ke

2.~ Depariment of Science & Technology

» Development of 10 cm Accuracy
Geoid Model

* To convert easily acquirable GPS
heights to Orthometric or MSL height

* Developed for states of Punjab,
Haryana, Uttar Pradesh, Bihar, West
Bengal, Jharkhand, Telangana, Goa,
Part of Uttrakhand and Kerala

* Work is in progress for remaining states

£ e wdee e
2 = o S f Indi
Work done by Sol Under National Hydrology Project L o
» Bathymetry Survey for generating River ‘ ot oo B 2%
i = \'“z g Legend

Cross Sections in Southern part of West ~/ ol assoee

Bengal s

* Essentially required in flood forecasting R g

Zones_3.5m DEM
STATE_BORY

hydrodynamic models.

* On Kangsabati, Silabati, Parang, Tamal,
Dwarkeshwar, Kapaleshwari, New Cossey,
Baghai, Keleghai, Rusulpur, Churani, Jamuna,
Padma and Ichchamati Rivers of West Bengal.

» Status

Work completed & Data of 3602 no. of Cross

sections( Depth of Water across the river at every

10m and along the river at every 2 km) supplied
to state Implementing Agency (Irrigation &

Waterways Deptt. Govt. of West Bengal)
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Work done by Sol Under National Hydrology Project (L st o

£ Depariment of Sciencs & Technology

» Capacity building under NHP

Year No. of Trainings No of
Ending Conducted Participants
2018 05 59
2019 05 41
2020 04 138
2021 07 106
2022 05 44
2023 06 66
2024 06 79
2025 06 95
Total 44 628

620+ trainees have been participated in the above offline/online trainings.

» Capacity building
under NHP

GOVERNMENT OF PUNJAB
DEPARTMENT OF WATER RESOURCES

To
The Surveyor General of India
Survey of india
Hathibarkala Estate. Dehradun-2438001
= a G of Punjab State
1.0 In our efforts o bring the VWater Resocurces Department Punjab . n

fines with the iatest technology. we are actively participating in NHFP traimning
Programs and procuring moder instrurments

2.0 Our department deputed officers 1o your training program on “CoORS

= at NIGST. Hyderabad

30 mwmnmvomwlmnmmhy your officials

has significantty

and LA our » hmve stacted: Gtiising e cors
a o time sawvings and improved accuracy N our

operations.

4.0 The department has already procured several GNSS instruments and

s in the process of acguiring more to fully harmess the advantages of modern
technology

so the benefits from the contributions of the
Survey of India,. this d‘ml reguires the Geoid Moded file of Punjab. wiich
has been by your organization.
6.0 The avallability M s m-l will support both ongoing and future
Projects. ensuring that the the ooy Project are fully
realized.
7o A prompt and pr of the required Geoid Model file from
your office would be greatly appreciated -~
iy LI
er ¥ roas
Endst No. 17— J2/C €JDR&)r0r s Datea 2 ifoilsez s
A copy of the i to the g for aton ana
further Necessary action -
1. The D = Branch. 17. EC Road. DEHRA DUMN,
PiN - 248 001
2. ). 2t Floor., Rear wing.
mm)m 9. COO Complex. Lodhi Ra. MNew Defhi — 110003
a na & irces
i N
e
= ¥ irces
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The Bigger Achievement / Change

The Big Picture -NHP Triggered the Geospatial Revolution in the Country

Activity

Brief Description

13

£ ol wdeer R
Survey of India
-/ Frwr ok iR

Deqartment of Science & Techaokogy

Bigger Achievement / Change

CORS Network

CORS Network UP & UK

* Triangulation based Ground
Control Paints popularly called GTS
Points established in late 19!
century

* Replaced by GPS based Control

Points library started in early

2000s.

Now, replaced by network of

Continuous Operating Reference

Stations (CORS). It is a network of

continuously working GPS Stations.

Converting Hours into Minutes

CORS under NHP in UP/UK has
triggered the establishment of
CORS Network in the entire
country.
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The Big Picture -NHP Triggered the Geospatial Revolution in the Country = 270000

Department of Seienca & Techuniogy

Activity Brief Description Bigger Achievement / Change

Geoid * Why required: Providing MSL heights |High resolution Geoid

Model in India is one of the major mandate |Model is a major
of SOI. GPS provides Ellipsoidal achievement of NHP and

heights but we need MSL hts forall |Sol is on the path of
use. Geoid model converts Ellipsoidal |preparation of Geoid
hts to MSL heights. Model of the entire
* Under NHP, HR Geoid Model better |country, state by state,
than 10 cm accuracy is prepared first |which is a  major

time achievement of the
* Cost saving is more than 80%. country in Geo-Spatial
field.
. . AT FEor e
The Big Picture - ey
Activity Brief Description Bigger Achievement /
Change
LiDAR Under NHP, DEM of approx 68,000 sq The change can be
Survey km area using air borne LiDAR (Light understood by the fact
Detection & Ranging) of 0.5m accuracy |that before NHP, India
is prepared. has only 3 aircrafts for

LiDAR work. Now, there
are at least 8 Aircrafts for
LiDAR and other survey
in the country. Now we
are ready to cover most
part of the country
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The Big Picture - .
Activity Brief Description Bigger Achievement /
Change
Geodata * So far, Survey of India has created Under NHP first time
Base digital map data by digitizing hard directly map data in
copy Topo sheets which were in digital Geodatabse
Everest datum and Polyconic format and WGS-84/UTM
Projection, which were converted system is prepared which
using transformation parameters into |is another leap
WGS-84 Datum & UTM projection. transition for
* Under NHP Geo-Database of appx 8 L |preparation of Geo-
sq km - appx 25% of the country, is spatial data in the
prepared. country.
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National Spatial Data System
Single Digital Platform (NSDS SDP)

Creation, development and scale-up

Speaker:

Dr. Yury Filippov

Head of Department National Spatial Data System Roskadastr-Infotech
Russian Federation

kadastr.ru

%% ﬂ; Organizational and law base of National Spatial Data System

Social and ic D Initiative of the Russian The Federal Project
Res e lopmEnt Sty 2030 «National Spatial Data System= «National Spatial Data System»
Ne. Pfﬂ%garﬁzfé;%rg%g 2021 Government Order of the Russian Federation Protocol of the Goveming Council

Ne. 2816-r dated 06.10.2021 Ne.2 dated 27.12.2021

l l

State Programme
«National Spatial Data System»
Resolution of the Government of the Russian Federation Ne. 2148 dated 31.12.2021
1
National Spatial Data System

5
Single Digital Platform (NSDS SDP)
Resolution of the Government of the Russian Federation Ne 1040 dated 07.06.2022

Resolution of the Government of the Russian Federation Ne 1109 dated 06,07 2023
Resolution of the Government of the Russian Federation Ne 2213 dated 21.12.2023
Implementation of the FSIS NSSD SDP into commercial service (Order Ne. P/0494 dated 04.12.2023)

1 ] 1

support and
of standards of NSDS Complete and accurate Unified State

-
{-\ Development of NSDS core, —o Register of Real Estate
subsystems, services Education of chief digital transformation K .
u and technical projects executives and senior staff of federal executive Contenting other regional and municipal

bodies, regicnal executive bodies and business registers and systems with data

92



caMor,

k4

AT |aaor feramr
Survey of India

&% Filling NSDS SDP with data

/

2= Anopenlist of source systems, the composition of data and the procedure for data exchange are defined in paragraphs
g= 15-19 of the Regulations on the NSDS SDP (approved by the Government Resolution dated 06/07/2022 No. 1040)

g% Formats of informatien interaction (approved by the order of the PLC "Roskadastr" dated 12/14/2023 Ne P/633-23)

@_Eé *  Examination of infermation systems containing spatial data

Eﬂ

=

g

E\% Upon the transfer of data, format-logical control, spatial analysis of the correctness of the data, and control
&

=

\

In preparation for the information interaction, the following is held:

*  Survey of the region/FOI on information systems containing spatial data

- K& of the 1ess and quality of spatial data contained in systems

*  Formation of spatial data cemposition for integration

The general procedure for information interaction with the NSDS SDP is determined by the agreement on information
interaction

The specific list of data, format and exchange procedure are determined by the protocol of information interaction
(annex to the agreement)

of the time of receipt are carried out.

Identified errors in the data are transmitted to the supplier for correction.

et

W

&% System users (RGRF Ne 1040 dated 07.06.2022)

/

Bo Bk o8 W gk W M

Citizens of the Russian Federation

Stateless persons

Russian legal entities

Bodies of the Union State

State authorities of the constituent entities of the Russian Federation

State authorities of the constituent entities of the Russian Federation

Local self-government bodies using the system and (or) receiving information from the system

Foreign citizens, foreign legal entities, international organisations, foreign state bodies using the system and (or) receiving
information from the system {except for cases when the use of the system and (or) receipt of information from the system
by foreign citizens, foreign legal entities, international organisations, foreign state bodies is prohibited or restricted in

accordance with federal law or a decree of the President of the Russian Federation).

v
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= System of governance of the Project NSDS SDP

- - T External functional customers - federal
6. OWneEuItNe Sysiein is a uachonal GUsLomar= | g executive authority, regional executive

Rosreestr authority
(Government Resolution of 07.06.2022 Ne 1040)

_________________________ —— i N

7 % {1 Y
1 ' H I
i The system operator is the technical customer - i i . |
1 Roskadastr H ! GR (regions) - PLC «Roskadastr» k
1 H

H (Federal Law No. 449-FZ of 12/30/2021, Federal Law No. 431-FZ of ! H i
1| 12130/2015, Government Decree No. 1359 of 07/07/2022, Government | 1 ! |
! Decree No. 1040 of 06/07/2022) < ia !
1 I i |
E | 1| The owners of the functional processes i

: y A

E IN HOUSE development - : : are Roskadastr and its subsidiaries :
! I'T CENTER «ROSKADASTR-INFOTECH» ! ! I
' i e e =

T —

~

Contractor - developer of the System,
ROSTELECOM PJSC

(Decree of the Government of the Russian Federation dated
11/16/2024 No. 3297-r)

Organizational and functional scheme of NSDS SDP

Unauthorizad sses

Intarnaticns

Citizons. Public authartios

Forelgn,
Profossional participants Business

! participants
| (ndividusts, organirations)

Ruthorized ussers

Informatian syateins fhat pravids

Suharization. suthenteation and
‘acesss 1o intarmmation

FSGS UDP NSDS
i i State Cloud Platform T o of b NS o il

PUBIIC portal of he Natlons] Spatial Dats System (HSES]

an casperation

L Embsdasbie Mapping Component
o = [P R R | Ir

P e i i

- coveal casamss|| w0 [rm—— | pro———

i i o (|| om0 g S ~ |

Gt 1 rsmANERal P

Machine lesnina sdbsstom

[re————
! oente s |

WA Sor Uit SR e et B S oI5 "UECE”

+ ¥ Y. ¥

Backservicas

BAcK e

Duta Data Data Data Bats Bata oata AR || bea | D

GOVERHMENT : =
DATA SOURCES Data Data Data
Fetest | Regionnl
syaarns | systans
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State information systems to support
urban planning activities of constituent
entities of the Russian Federation

Information systems of executive
authorities of the constituent entities of the
Russian Federation and local self-
government bodies

Other information systems containing
spatial data as well

Federal state information systems and
registers.

Regional spatial
data funds

%% == Structure of spatial data of NSDS

Functional layers of spatial data

Data from federal geographic information systems,
including FGIS TP, GIS housing and communal
services, etc.

Data from the regional State information system for
urban planning activities and other geographic
information systems of the subjects of the Russian
Federation

Data on price-forming factors and the market value
of objects

Data on the cadastral value of real estate objects
Information about rights (current and historical)

Cadastral information about land plots, buildings. and
structures

Materials of land management and territorial
planning (register of borders)

Digital topographic maps and plans
Digital orthophoto plans
State geodetic network

95

Specialized layers of
NSDS SDP

=

=

Thematic layers of real
estate market

Layers of the Unified P>
State Register of Real
Estate

Layers of the unified national
electronic cartographic
framework. State Geodetic
Network




The Unified electronic cartographic framework is a systematized
collection of data on the entire territory of Russia, created in the
form of digital topographic maps (plans) and digital
orthophotoplans (DFS) of various scales

Earth remote sensing data is used to study changes in land cover,
climatic conditions, ecolagical status, geclogical structures, and
agricultural production for natural resource management,
environmental protection, and urban infrastructure planning.

1:2000 scale digital orthophato plans are a digitally transformed
image of an area (object) based on aerial photography materials

WA FA&T0T feremT

1:10,000 scale digital orthophatoplanes are a digitally
transformed image of an area (object) based on aerial
photography materiats

iy &

Heacuuiocn 4 4 W

Sammomza

2 Gty :

DSP - Digital Object schema is a sef of interconnected spatial data that
allows, with strict requirements for the accuracy of determining the location
of spatial objects by their identifiers and attributes, to form a digital profile
of objects, previde data search, compare data obtained frem various
sources, verify data and create services based on them

At the moment, the

Data ffom the Ministry of Transport of the Russian Federation
ing | about across the state

border of the Russian Federation, railway lines and railway
transport facilities, highways, air and water transport facilities

e in
The GEOIS data of the Sakhalin Regian is a Master plan formed Data from the Unified State Register of Real Estate Is a solrce of NSDS SDP
for design and planning {urban development), taking into information about real estate objects in the Russian Federation
ion, available resources and contains 4,191
layers

Spatial data

) z . =
The Rules of Land Use and Development {RDD) are a map of
urban planning zoning that allows you 1o determine which TK a
land plot belongs to, the type of permitted use, max and min

objects are

Data on the boundaries of protected areas are areas of land, water
surface and airspace above them, where natural complexes and
ted that have special environmental, scientific,

These zones with special conditions for the use of territories
are lands where certain restrictions apply to the canstruction
and operation of facilities.

sizes, as well as restrictions on the use of the land plot cultural, aesthetic,
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3¢ &5 NSDS SDP today

>800 virtual machines
that ensure stable and fast System

operation

\

>100 software products forming a
single environment

NSDS SDP -

Russian geoinformation software designed to
work with spatial data from federal and regional
information systems and resources supplied to
the platform as part of information interaction.

comprehensive information
security system

> 5 types of databases and data
warehouses for storing billions
of records

16 complex subsystems, including
those using machine learning and
artificial intelligence

Put into commercial operation December 25, 2023

WY O

L . A

g NSDS SDP 2023 and 2024 services

Land for Building

Selegtion of land plot for

Urban planning online

Analysing the possibilities of land piot use

Construction approvals
Special authorisations in the construction cycie
Individual housing construction

of indivit housing

ohjects

Certification of spatial data

Verification of authorities’ decisions on the basis
of the most complete data available

State cadastral valuation tools

Fair cadastral vafue

Small business locations

FProvision of of ionary trade
facthities

Q0 O 0O O

Q0 o000 O

Land for tourism
Sefection of land plot for recreational use

My real estate properties
Monitoring of changes real estale properfies

Smart cadastre &

G prop

The Land is simple
Provision of fand plots

Arctic indigenous languages

Creation of thematic maps

Application of spatial data in Supervisory
and Control Activities

Prevention of violations land use
Comprehensive development of the territory
A digital tool for comprehensive development

Farm land 0

Searching for the most suitable fand piots
for agriculture

Correction of register errors
Verification of houndaries digitalty and on
the ground

Assistant surveyor o
Provision of engineering surveys

Preparation of spatial data for the National
Data Management System

Devefopment of data showcase in ferms

of working with spatial dafa

Visualisation of spatial data

Creating graphics for text documents

My address is
Address geocoding

[ Service

of the FGIS NSDS
Provides GIS with an access interface [o the
spatial data of the FGIS NSDS and map tools

<

Custom Thematic Map Generation Service
Creates thematic maps based on vafue ranges and
disfribution, visualizes vecior dafa sets

&

[/
o
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Spatial Data Analytics Designer Service o
Provides users with a developed set of

various customizable algerithms for spatial

checks

Comprehensive Cadastral Works 0
Service

Idernitifies territorfes where it is most expedient to
perform CCW (Comprehensive Cadastral Works)

Specialized Map Tools Service
Provides an access inferface to map tools

Real Estate Market Analytics Service
Calculates and displays a real estate price index
based on USR (Unified Stafe Register) data
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%#é == Land is simple

PURPOSE:
For govemment authorities For citizens and businesses
& of of ing state and icipal services on provision of state and ~ + A tool for searching and selecting plots of state and municipally owned land

municipal land plots (not less than 6 services) . Service for optimising the receipt of state and municipal services for acquiring rights to land plots

{from preparation 1o i ion with ised bodies)
PREVIOUSLY NO service IN PROSPECT 3 million accesses to the service
High costs of collecting «Manuals collation of spatial Interaction with government Online access to i Ei for
initial data and preparing information authorities through e-mail spatial data analysis tools information exchange
materials correspendence

EFFECT

- Selection of investment-attractive plots for citizens and businesses

= Simplification of applications for services (including reduction
of costs for preparation of land plot location schemes)

+  Reduction (by 2 times) of the time required tc obtain state and
municipal services for acquiring rights to land plots

s Increase in positive results of receiving services (elimination of 20%
of refusals related to the preparation of land plot location schemes)

SN |} _ T;
%%é &p Land for building (£L3)

PURPOSE :

= For government authorities
a tool for creating a base of land plots intended for the implementation
of projects in the sphere of agricultural production;

+  For citizens and business
reduce the number of services that need to be completed to obtain
a land plot

= A service for reducing the steps required to purchase a plot. 10,000
land plots for construction are located on the Public Cadastre Map

BR ous . { |INPROSPECT |
A o
Lack of information on Contradictions in A lengthy phase of land Prefabricated sels of land that have been Plots prepared
_promising areas for assessments of the preparation for granting checked by authorised bodies to ensure that for ppuwgmﬂ
of use for they can be used

construction purposes

Involvement of land plats in turnover far development in order to achieve the indicators defined by
Presidential Decree No. 474 dated 21.07.2020

Elimination of costs for citizens and businesses to go through the procedure of preliminary approval of
land plats pravision

Provision of state of municipally owned land plots to Individuals and legal entities (hereinafter referred to
as applicants). starting from the search and formation of a land plot and ending with the regisiration of rights
to land plots and the implementation af actions related to the procedures of state cadastral registration and
registration of rights

Reduction of land selection time from half a year 1o 2 weeks
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%ﬁé =; Farm land %,

PURPOSE :

*  For government authorities
a tool for creating a base of land plots intended for the implementation
of projects in the sphere of agricultural production;

+  For representatives of private farms
reduce the number of services that need to be completed to obtain
aland plot.

i " Contradictions
Lack of information on A lengthy phase of land Ready sets of territories that have been
_promising areas for a“e-“g’f“‘-s- ofthe for P for granting checked by authorised bodies for the
the purpose of ot Teict
implementation of projects

agricultural sector projects

+ Creating a spatial basis for agricultural development + Elimination of costs for private farms
to go through the procedure of preliminary approval of land plots provision

« Reduction of land selection time from half a year to 2 weeks

e, = =
%ﬁé AR |jrhan planning online

PURPOSE (for citizens and businesses):

= Possibility to get acquainted with open data of UECF and USRRE «online»

- Provision of comprehensive information on regimes and regulations for the use of land plots, on zones with special conditions for the use of the territery (based
not only on data from the Unified State Register of Registers, but also from SISUP and other GIS}

NO service e B [N PROSPECT 15 million accesses to the service

Repeatedly referring to different  Failure to obtain specialised No Information on what to do with A single point of access to all Opportunity to study the urban Interactive guide on how to
sources to find the information  information when selecting a  existing ions and enc ¥ from various planning potential of any change the terms of use in your
needed site on land use state Information Systems and territary favour

Information Resources

EFFECT

+ Optimisation of the procedure for selection and analysis
of the efficiency of using state, municipal and privately
= owned land plots

Tt 30T G

+ Obtaining consolidated information on land plots by
specified cadastral number or by selected boundaries

: « Ensuring availability of specialised information (similar to
i s the town-planning plan)

i *LUECF - Unified Electronic Cartographic Framework
- * *USRRE - Unified State Register of Real Estate
T B *SISUP - State Information System for Urban Planning Activities
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PURPOSE:
For government authorities For citizens and businesses

+ Backend of service delivery processes in the sphere of Individual ~ *  To@lkit for analysing the possibility of construction and obtaining municipal
housing construction (submission of notification of the beginning /end ~ Services in the sphere of housing and communal services

of construction / reconstruction)

NO service _ IN PROSPECT > 1 million accesses to the service —

Manual search for

information on construction Costs of preparing the Contradictions between Unified verified information on Simple digital tools for seff-preparation
conditions on various materials required to information in citizens construction conditions among of necessary materials
Information Systems and obtain services andl authorities citizens and authorities

Information Resources

EFFECT

« Optimisation of the process of analysis of the most
efficient use of land plots

«  Simplification of applications for services Individual
heusing construction

+  Monitoring of service delivery
= Increased positive outcomes of service delivery

= Increase in positive results of service provision (bringing
the number of refusals to the indicator - no more than 10%
of the total number of applications)

372 dh -
%# &p My real estate properties

PURPOSE (for citizens and businesses):

+ Combine spatial data on real estate objects from different GIS

- Eliminate errors and contradictions in information on real estate objects

- Track changes in data on real estate objects (cadastral value) in different GIS
¢« Monitor changes in the surrounding area

«  Ensure information interaction with property market aggregators

NO service ' [\N=leLT S il— > 50 million applicants

Information on real estale Citizens and businesses face No tool for automated tracking of Omincanal access to Timely reporting of errors A digital tool for monitoring
objects is in different mistakes at the worst possible time changes by its facilities or information on Real Estate and inconsistencies changes in information
systems surrounding area Objects
EFFECT

+  Synchronised and corrected information on real estate objects in all GIS

+  The possibility of constant control over changes in information on real estate objects is ensured

«  The processes of analysing the real estate market and forecasting the development of the
territory have been optimized

- Provided information to the user about the real estate objects owned by him, the rights to which
are registered in USRRE
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i

e &% Smart cadastre =

PURPOSE (for government authorities):

« Unified tool for mass identification cf unregistered real estate objects and changes in the state of land
with the help of artificial intelligence
+  Backend of remedial action processes

6 800 of objects per YEAR 39 511 objects per DAY

{f{l .ﬂ\ &
l »
irenst . Algorithms for recognition of capital
Citizens' appeals, scheduled  Spot and manual monitaring Long process of detection Pre-trained neural networks and i ket 3 ek i 4 —
neraffinspestions, vard ritnds of land use and identification spatial analysis £aistriciion shpects, land use yiciallons bas
on Earth remote sensing materials
T

EFFECT

+ Timely identification of misuse of funds

+ Guaranteeing rights and protecting people's property interests
= Involvement of land in turover

+ Cost optimization for digitalisation of land contrel

= Involvement of unrecorded real estate objects in tax turnover (more than 10% of 173 million
real estate Reducing the costs objects are not cadastrically registered in the Russian
Federation)

- of control and supervisory activities in regions and municipalities
- Timely identification of misuse for response (2124 times faster)

= Real Estate Market Analytics

Designed to calculate and display a price index indicator for the real estate
market based on EGRN data {hereinafter referred to as the Indicator), with the
capability to view the Indicator's dynamics as a graph and generate reports on its (R P

; S — X 1
values: 0 Bt CABNOK & OOWE TaMN " |
MR =T T 5 >

- calculation of the median value per square meter for the formed sample;

- calculation and visualization of the computed median value per square meter and
the Indicater, with export capability, in the form of a heat map, graphs, and a table;

- filtering of visualized values by territorial criteria, temporal criteria, and real estate
object area group; -

- providing the System Operator with the following functional capabilities;
modifying the composition of area groups and their ranges; S
setting minimum and maximum valug limits for subjects of the Russian Federation: =
initiating a recalculation of the Indicatar for the entire data sterage period in the service;
uploading indicators {price indices) from external sources for subsequent visualization in the -
service, with the ability te display source infarmation and its attributes

- ability to export a list of cadastral numbers of real estate objects used in
calculating the Indicatar's values;

- visualization of Indicator values on the Portal PD NSD in the form of a heat map.

Y| %) 2o |4e %6
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REAL ESTATE MARKET SUBSYSTEM FSIS NSDS SDP

Subsystem of real estate market

State cadastral valuation support module

!
En_'r of assessment

Module of formation of digital profile of the object

\}@@@

State cadastral valuation data
fund module

Il
[7

Cadastral value determination module

@ Module of declarations, comments, statements

=~ estate objects

and appeals on issues of cadastral value of real

H=
il =D Evaluat |
Market information module _J Evaluation report register module
695 Property market analytics service P Service Tools of state cadastral valuation

Unified platform for state cadastral valuation

%rg %; NSDS SDP Geocoding Subsystem

@ THE GEOCODING SUBSYSTEM PROVIDES :

storage and editing
of spatial data by addresses and address

elements

direct geocoding - determining the
coordinates of an addressable object by its
address

possibilities of using a universal tool (REST API)

for geocoding and use in external information
systems (including mobile applications)

generation and updating of data on addresses
and address-forming elements, based on data
from the entire set of information systems

of NSDS SDP information providers

reverse geocoding - determining the address
of an addressable object by its coordinates

ﬁh@@

GEOCODED ADDRESS = POINT ON THE MAP
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Working with spatial data - a ready-made embedded service that forms
awindow for GIS to access FSIS NSDS SDP spatial data and map
tools

Secure access to spatial data

No develepment is required, all NSDS SDP capabilities are combined
in one service

il ke
Simple and flexible customisation of the Service functionality (toolkit
configuration):
easy to add to the code of your Information System

{c:)_} individual structure of the displayed spatial layers

@ creating custom spatial data layers
setting up the possibility of placing information on public resources
spatial analysis tocls - buffer zones, heat maps, etc.

-
LS
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%’é == Mapping component of NSDS SDP

30 000 == “HESP /- WE

simultaneous
requests per
second

<2 secs

to display screen
forms

£

Have deployed and are using the mapping component:

« Ministry of Construction, Housing and Utilities of the Russian
Federation

+ Ministry of Economic Development of the Russian Federation

+ Federal Agency for State Property Management of the Russian
Federation

» Analytical Centre of the Government of the Russian Federation

%“'—{"fé Ak Personnel structure of IT CENTER «ROSKADASTR-INFOTECH»

8 Management departments: operation, development, maintenance, information security

[ The age of senior staff in IT departments:

J ‘ Work experience of senior staff of IT departments in

the Rosreestr system:

M less than 30 years

=31 -39 years
40 - 49 years

50 - 58 years

60 years and more

Qualification of specialists IT departments

H|ess than § years
® 5-15years
15 - 25 years

Specialists in the field of information and
telecommunication technologies

Specialists in urban planning, land use, cadastre and
cartography
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The system of additional professional education of IT specialists

-

Corporate University of PLC

-

Moscow State University of Geodesy and

-~

Other educational

"Roskadastr" Cartography (Facult_y of Geou:nfonﬂatlcs and organizations
Information Security)
"
4 - 4 N 7 b
X Professional development pregrams Professional development
Professional development programs Master's degree (free of charge for specialists of Roskadastr) pragrams
Participation in scientific conferences P < pi
S rofessional retraining programs
Contracts for targeted training
. M T
o ™
Other areas of human resource development:

» Participation in specialized scientific conferences, exchange of experience, opinions

» Corporate culture, joint educational and unifying events

» Mentoring, youth work
\b Formation of the personnel reserve )
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An Inngenous Geospaual Eosystem-for Natural Hazards

i

e ) 2020-06-01
o Streamflow Q (m®/s)
3

A0K A0 W

Manabendra Saharia

Associate Professor, Department of Civil Engineering
Associate Faculty, Yardi School of Artificial Intelligence
Indian Institute of Technology Delhi

Pl: HydroSense Lab
PI: Center of Excellence on Water, lIT Delhi
https://hydrosense.iitd.ac.in

Survey of India National Workshop
17 December 2025

“‘;7 Long live
Geospatnal!

ﬂ%p
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The Three Horsemen of Geospatial Indigenization

Owning the Data

Owning the Models

Owning the Decisions

4

[]

=

i
:%
b

Q&

Geospatial touchpoints in the Disaster Cycle

| Mitigation ‘ Zoning, Risk Maps, Forecasts

| Preparedness ‘ Scenario models, Inventories

| Response ‘ Live dashboards, crowd-sourced reports
| Recovery ‘ Damage assessments, rebuild tracking

Dr. Manabendra Saharia, IIT Delhi 3

Why Open-Source GIS? Open-Source GIS and GIS-ML Stack

Zero license fees — budget for data & capacity e
N . Datastore: PostGIS / SpatiaLite, Cloud-Optimised GeoTIFF (COG), Zarr
o vendor lock-in — full control of roadmap )
. . Services: GeoServer, GeoNode, MapServer, STAC API / PySTAC
Auditability & transparency

OGC standards ensure data longevity &

Web Clients:

Leaflet, MapStore, OpenLayers

Scripting & ETL: Python, GDAL, Rasterio, geopandas
exchange Analytics and Machine Learning: xarray, Dask (parallel compute),

The Future of GIS is vertically-integrated geospatial
workflows, not one-off maps

PyTorch / TarchGeo, zarr
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Dr. Manabendra Saharia, IIT Delhi 4



LiDAR Survey over the City of Guwahati

Survey Extent and Sensor Specifications
156 km? covering the city of Guwahati.
LiDAR for city with 17 zones (125 km?)
Photogrammoetry for 10 hills (31 km?)
Static DGPS Points: 148
RTK DGPS Points: 370

AOI Definition &

Mission Planning

|—-| Flight Path, 3
Seope Finalization (FUght Path, Ovariag,

GSD Targets)

DataProcassing
(Orthomosaic +DTM
DEM+Point cloud)

GNSS Control Survey UAV Acquisition [Lidar
(Benchmarks & and photogrammetry)
GCPs)

LIDAR and Photogrammetry Survey in Guwahati Gity

sy

Missian Planning Matrice 350 RTK

qunmg-nuummm
&Data Dnlwlly

Oblique imagery for 3D mapping

AR Survey (UAV: DIT Matrice 3!

* LiDAR Accuracy (RTK):
o Horizontal: 1 cm + 1 ppm
o Vertical: 1.5 cm + 1 ppm
« LiDAR FOV: 30° {+15°)

« Camera (for colorization): 20 MP mapping camera

Photogrammetry (UAV: DJI Mavic 3 Enterprise)

+ Camera Resolution: 48 MP (4/3” CMOS)

« Tilt Range: -90° (nadir) to +35°

+ Ficeld of View (FOV):
o Horizontal: 84°-90° (depending on mode)
o Vertical: ~103°

Dr, Manabendra Saharia, IIT Delhi

Inundation & Discharge Rapid Assessment (INDRA) Framework
developed at IIT Delhi for LIDAR and GPU-based Flood Modeling

Potential
Evapotranspiration

&

Gridded
Precipitation

—~J ——

’ ICs/BCs

T
b

2D Inundation and

Discharge Maps

DEM ‘ Parameters:
—»é Processing |« m ction|
=
A
A ) [ Topogra ] ;
Nuter Bodies; / {LIDAH.SRTM./ / i / b

/ River cmnrm/

MERIT)

dra Saharia, IIT Delhi
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Urban Flood Simulations have been completed using Global and LiDAR-

derived DEM

2024-07-01

2024-07-01

Inundation in the city of Guwahati using

Inundation in the city of Guwahati using
high-resolution 10 m LiDAR DEM

90m global MERIT DEM
Area Duration of DEM Time
Simulation Resolution
bt 385 days 10m (LIDAR] ~45 min,
(~180km?) 365 days 90m (Satellite) | ~6.5hrs.

Dr, Manabendra Saharia, IIT Delhi 7

Representing City Buildings in Our Models & Simulations

Animation showing incorporation of buildings into the hydrodynamic simulations

July01.4if

3m

Time step

1. Approximately 3,90,000 buildings

2. We have incorporated the buildings into our hydrodynamic simulations

. o

= Snapshots showing flood
inundation on July 01, July 11, and
July 20, 2024

Dr, Manabendra Saharia, IIT Delhi 8
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GeoTwin is a Sovereign 4D Digital Twin platform for Cities and Infrastructure that
combines LiDAR, Sensors, and integrated Geospatial Al models

Integration of multi-modal data with
high-res. 3D point cloud

User alert system

Real time dashboard and data
visualization

Analytics from lidar point cloud and
sensor’s data

Filter point clouds based on the
object classes

Reports generation

©00000

Developed indigenously at IIT Delhi

A Digital Twin pipeline for rapid rendering of Terabytes of data without lag and

integrated GeoAl models

GeoTwin 4D Methodology

- P
/ Ingestion and Processing
Data Sources - —==a
%, LIDAR Survays
(3D point Clouds) M Database + Object Storage

e ——

k& DEM/DTM
(from LIDAR)

{ “w AIML Analytics 1
\

«" Sateliite

Imagery
(Tiles)

Digital Twi

o Real Time loT
Sensors
Level Qlty, Weather]

¥ ¥
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¥
& Open Daa 3D JA Alerts and
Visualization lal User Bashboard Reporting

‘SuperPoint
Transtormer

Aerial LIDAR
Trsining Data

Technelogy Stack Overview

FRONT-END & BACK.END

) FRONTEND

React Ul

‘WabSackst

.
- ZQW lm@ﬁ

IEE=ED g sronae

AP

FastAP|

,mmssr‘-_)o £
| MintO

(Mods! API}

Fast 3D Rendering Pipeline for Terabytes of Data

Data Preprocessing

Point Budget
Pty Sort

Frustym
Culling
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Geospatial Technologies for Natural Hazard Risk Management

Building India’s
= Geospatial
""""" m'-“ Intelligence for

Geospatial Technology Disaster Risk

' Reduction
evsing Jj Mocelin ww

_________________________________________________

__________________________________________________

Dr, Manabendra Saharia, TIT Delhi 1

Research Vision of HydroSense Lab

A Hybrid Physics-Al Digital Twin leveraging Supercomputing, Data
Assimilation, and Artificial Intelligence for transboundary land-water

modeling and forecasting. s
SR ) 2020-06-01
5% _: blroamﬂmﬁf ‘gn(m“fs)
e L\
Impact Areas I
Disasters — Floods, Droughts, Landslides
Climate Change Impact Assessment ) \
\c“ G \;/
Water Resources Management N
\I\g:: ""-. ) ,:
\, |
Science to Services %

Dr, Manabendra Saharia, IIT Delhi 12
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Digital Land Governance Transformation - The Kerala Model

From Digital Survey to conclusive Land Title - Building Precision, Trust & Citizen Empowerment

National Workshop on Strengthening of Geospatial Ecosystem

“Geospatial Mission: An Enabler of Viksit Bharat”

e How Kerala turned a century of paper records into a digital, trusted, and citizen-empowering land governance
system — providing a solution to one of India’s oldest administrative puzzles.
Sambasiva

Special Secretary (Electronics & IT) &
Director Department of Survey, Government of Kerala

Key Requirements for a Digital Land Cadastre

— ™
~—N\r v
o~ - |

Digital land parcel map for all
Land holdings

Authenticity of land Record Digital Land registry

Extent and boundaries; (5urvey
Record)
Ownership details; Land type

e Unique ID for Parcel and

e Pace of creation & Cost
Landholder

e Accuracy (Quality)

(Revenue record}

s Perpetuity

Both should be accurate and + Ease of updation

seamlessly connected

ital Re-Survey instead of Incremental Survey (No more pertinent !!

* lLegacy field sketches get considerably deformed during gecreferencing and makes it unsuitable for taking reliable measurements of
boundary dimensions during resolution of disputes and discrepancies. Measurements annotated on the sketches cannot be fully relied upon.
Village map - a mesaic of the block maps contain much more internal distortion which gets amplified during georeferencing.

= Survey of Private Land Recerds as per boundary and Survey of Govt Land utilizes plotted legacy data to identify original survey markers
through an iterative geo-referencing and stake-out process.

= Dispute resolution on a case to case basis — based on actual possession details obtained during resurvey, land registration documents, and
chain of land transactions.
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Key Considerations

Conceptual Foundations for Designing a Digital Survey Program

Spatial Precision as the Backbone
® A modern land administration system demands spatial data that truly mirrors the reality on the ground.

® Absolute, Accurate and reliable coordinates to all parcel boundaries.
Technology as the Enabler, Not Just a Tool

® The design must leverage advanced, scalable technologies to ensure accuracy, efficiency, and integration.

* Technology choices should be forward-looking and fit for purpose, supporting seamless data capture and validation.

A Complete, Not Partial, Re-Imagining
® The survey design must aim for completeness — ensuring that all parcels are surveyed systematically rather than incrementally.

# The guiding vision should be to prevent future disputes and create a solid foundation for conclusive titling.

Pace without Compromise
& The design must balance speed with accuracy — enabling rapid creation of o reliable, authoritative digital land record. The goal
is to achieve scale swiftly, while upholding data integrity.

Cost Optimization
e The program must aim for the best use of resources — using technology, process re-engineering, and integrated workflows to
minimize costs. Emphasis on efficiency in both field operations and data processing.

Key Considerations

Conceptual Foundations for Designing a Digital Survey Program

Integration as a Core Design Principle

® The digital survey must be envisioned as part of a unified land records ecosystem, integrating textual and spatial
records in real time.

e Aseamless flow of data across functions is essential for responsive land governance.

Citizen-Centric and Transparent by Design

® Transparency should be inherent in both the process and the access to data.

Quality and Governance as Non-Negotiables
® A robust governance model must oversee the survey, ensuring standards are maintained at every level.
® Quality assurance should be embedded in the design, enabling confidence in outcomes from the outset.

Designed for Continuity and Future-Proofing

e The digital survey must lay the groundwork for ongoing, real-time updates of land records — ensuring the system
remains dynamic and accurate over time.
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= Digitization of Land Records like Basic Tax Registers : 70 to 80 % of Landholdings

* Revenue Land Information System (RellS) with various services Ike Online Tox
Payment

e Online Mutation of Textual records after registration

* Pendency remains significant and Delay in verification while updation of missing

records

e Slow and incomplete resurvey : 809 of 1666 villages over five decades with Chain
and Theodolite (Paper Maps) ; 87 Villoges with ETS

+ spatial records often outdated and inaccurate as Spatial record is not updated post

SU rvey transaction

» High pendency of maintenance applications.

* Inaccurate Survey record resulting in complaints

e _Land Disputes

+ Digitization of documents post-2005 - PEARL system for registration of documents
* Revenue record required for registration

* -
Reg istration + Online Mutation of Textual Records only and that too with considerable pendency

* Registration not based on actual possession : possibility of fraudulent transactions

+ Dependency on Private Surveyors for measurement and the burden on land holders

s long wait for updation of record.

Sensitization Workshops
e Stakehoelder workshops
* MLA conference in Assembly
s workshop for LSG Heads

Study of Past Experiences

IEC through Community
Organizations

= Survey Sabha

* Survey Jagrata Samiti

Field Trials of Technologies

Technology Selection:
= State of the Art Survey Instrumentation
28 CORS statiol ablished
1500 RTK GNSS for field survey

Strategic
ApprOUCh to policy

200 R-ETS to cugment survey in

operating Procedure
= Amendments to other Rules

Dig‘tql survey s Creation of new Standard
[

dense vegetation

Mission

Drones augment the survey in select regions,

Mission Implementation:
s Apex Committee/Rev Secretariat
+ State Project Management Unit
= Web GIs based online  survey = District Project menagement Unit
managsment System

IT Solution:

Human Resources
= & unified online single platform for
® 795 Dept Surveyors involved public service delivery

+ 1500 Contract Surveyors ed

2650 Contract helpers recruited
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Survey management Solution

Online availability of old spatial data

for quick reference

i. Legocy Records ('
(vectorized)

il. Dronefsateliite Imagery

canned) and mj

.Textual data (ReLls)
% Suited and utilized only for quick field
identification, survey planning
+ Unsuitable for actual survey activity
i. Role definitions and work allocations

Survey Management Application

Preparation of Land Register (Form 50,
i. Surveyor visits the land parcel for draft land
register preparation
Land Register preparation methods -
Through existing mops - old map is
updated by simple lines and new survey
number created
Directly create new survey number &
proceed
fi. verify citizen documents and map existing
revenue (Rells) records.
upload scanned documer‘nts/r‘nop deeds from
PEARL

Update ownership and settlement issues if-an

Pre survey %
activities
Background
Work
Scanningvectorisation,meta
data entry,legacy

map,upioading of scanned
records to ente bhoom..ete

v e mm mmmnmm (Repeate the QC process (f any parcels having Spatial changes ) m mmm mm e w o

Pre 9(2) Exhibition Finalize & Apprave Suparvisary
Form 50s Quality check

Geo Media QC By (SSLR)
Istand Polygon Elimination
0 P

ALC
(SSLR)
By (SSLR) (Head Surveyor) (Head Surveyor)
‘Appeal aganist 8(2) Notified Daciare all the boundaries are
Boundaries
Sign ALC parcel

(Head Surveyor)

Sign ALC parcels
Cancel un wanted parcels

Announcement to the Public
reagrding Digital Survey

Thandaper generation
Thandaper verification

Tab with vendor mobile
plicationfserver

Field team (with Tablet PC/ RTK
Rovers/ Robotic Total Station)
Detailed survey of parcels with RTK
Rover/Robotic total station

1 t the appropriate survey

csnapping to
avoid gap between adjacent
polygons
Data cellected through a rover
visible for conducting survey

using a Rebotic Total Statioh and

vice versa

iv. Field survey solution integrated
with Survey management
selution for LIVE map view and
monitoring purpose

Referenced from RFP: published on 25-03-2022,

6(1)
Notification

Announcement

Preparation for
Field work

Digital block formation and
block allocation
Allotment of blocks to
‘Surveyors, Form 50 creation

Assistant Director
(Resurvey)

114

()

Re collection using Tablet

LA |eqor feramr
Survey of India

Step 4
Vendor
QC application/server

QCtieam check both

spatial and textual data

. Quality check for surveyed
data (spatial and textual)
Report for re collection of
data with remarks (version
control)
If data found correct, send
it for approval

Step 5

NIC application/server

Data finalization

Field work

Field observation using Infinity
te

and Cay
Village boundary fixation
All govt lands fixed first

Parcel survey
GCP survey

By (Surveyor)

Island Polygon Elimination
A b

1 ed status

Receiving the corrected data
Approval in the final data

Public viewing module (Citizen
portel}

Publishing the data on public
domain

Sharing the data among various
stakeholders

Survey Management dashboard

Mapp QC (Surveyor)
Inspection) verification
(HS,SSLR & AD)

4

Resolves
Original Land
Complaints
Hosd Surveyor)

1 ed status

Map Manual QC

Map Manual QC

Video 1- Ente Bhoomi: Digital Survey



557/639

Field Survey Started (Phase LI&III)

75

Total 13 Notification Published

277

9(2) Published (Phase LI1&III)
(to be 13 Published)

8,89,191.8 Ha

Area Surveyed (Phase LII&IIN)

65,23,908 Nos

Parcel Surveyed Phase (1I1&lII)

LA |eqor feramr
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DLS Overview - All Three Phases - Till 15/12/2025

13 Publisk
13.5%

Below 50%
18.0%

50-60%
2.9%
60-70%
1.6%
70-80%
3.4%
80-90%
4.7%
Above 90%
6.3% 9 (2) Published
49.7%

9(2) Published (to

V.il;;:'es Fieslfufrer;ey be 13 Published) 13 Published
Phase 1 200 200 135 65
Phase 2 239 233 127 10
Phase 3 200 124 15 5}

639 557 277

Kerala's Digital Survey Solution Architecture

O=0
R

Citizen

Department user

Surveyors

w
2
2 -
= Ente bhoomi
] One Title LRM Mutation (Integrated
& Portal)
<<
RN
59 . Field E ol
£ | Sigital Survey
s E | Mapping Management
53 | Software QA/QC GIS S/W Salition)
[+]
Q -

)
Etels)
3
a3

" CORS RTK Rover R-ETS Drone

~Inf uet
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Ente Bhoomi's Ground Truthing System
Using Drone Data

s Drone Ortho-Rectified Imagery (ORI} is integrated
into the Ground Truthing Module via Web Map
Service (WMS).

e Parcel Bend Points are marked at maximum zoom
level using a Tab Touchpad Stylus.

s Selected points are used to generate the final land
parcel boundatries.

for incomplete geometries collect points

rover.

¢ Ownership attributes are internally linked to parcels,
fulfilling both Map1 and Map2 requirements.

Drone utilization - Tradeoffs
e Drone Acquisition/georeferencing errors
e Errors caused due to manual digitization

Canopy at the parcel corners and bend points
cause non-visibility leading to wrong visual
interpretation of the land parcel boundaries

1L Rayees—"
Junctige

e

e ——

peoy weITing

BT - -

Tradeoffs in RTK Rover Technology

* Thick Vegetation - drop in satellite view affects signal strength

NO Network region - CORS requires internet connectivity for communicating
with field RTKs. No network mean no connection with RTKs and no RTK correction

Dense Built-up - Closely spaced high rise buildings can cause multipath
scattering leading to loss of correction in RTK rovers
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ye

Digital Survey Infra tfy/etu{

0
|®
.
@
RTK Rover Rugged Tablet R-ETS
PC

User Management
e —— Designation Based Users
Role based users

External users

WebGIS Module

Presurvey map
Observation map

Drone map
Quality Check

Data Management Module
Leguacy Records

Reverue Records

Registration Details

Building Information

Form 50 preparation & Field data collection

Searching Land Parcels
Submission of complaints

Grievance Management

Handling Complaints fully Online

117



Field Survey Solution

i. Intermediary application to download pre-survey

data into the field control software

ii. Field control software - Handles the control and
operation of the RTK Rover and R-ETS instruments

iii. The collection of land parcel bend points and creation
of parcel geometries is taken care by the field control
software with accuracy restricted to 5em.

iv.the surveyed data is imported into the intermediary

application and uploaded to the web server

v. QC applications for Geometry - Topology checks

Enterprise Survey Solution 1
Field survey solution

i. All field survey activity

ii. Module for govt land fixing -
Georeference plotted sketches
using shift/rotate/transform
functionalities

iii. Integrated Handling of RTK/R-ETS
data

iv.QC module for surveyors

v. Higher level QC modules for

118
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Enterprise Survey Solution 2
Field Monitoring system

i. Ddily progress monitoring

ii. LIVE RTK dashboard for real time
CORS/RTK Tracking

iii. WebGIS Dashboard for parcel
status Evaluation

iv.Monitoring tool to assess surveyor
field activity

v. Mobile Device mancagement
system (MDM) - for real time
supervision of field activity

vi.Remote Desktop facility through
MDM for real time troubleshooting



Enterprise Survey

Solution

RTK/R-ETS integrate
workflow

Video 2 - RTK & R-ETS Integration

Solution

Govt land fixing

Video 3~ Govt Land Fixing

d

>

Enterprise Survey

B
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RTKs are prone to fail in places of no network coverage unable to
achieve the requisite accuracy as real time corrections will not be
available from control centre.

land parcel boundaries under dense canopy caon dlso pose
constraints in handling RTK instruments

In such places R-ETS is utilized and surveyor use the same field
control application to switch the mode from RTK to R-ETS and proceed
with the work.

The surveyor using the RTK Rovers measure the points where
correction is available and complete the geometry.

Measure odditional GCP points to help setting up the R-ETS
instruments and upload to web server.

The incomplete geometry and the GCP points are available for the R-
ETS surveyor to continue with the survey of the land parcel and
complete the geometry.

The process is fully seamless without any manual data transfer
requirement

The legacy govt land sketches are plotted and uploaded to the
dedicated web service.

surveyors download the plotted data into the field application
Surveyor visit the field to identify the bend point stones which are
intact without any disturbance and measure the coordinates
using RTK. At Least three distinet points are measured.

Utilize the measured points to Georeference the plotted sketches
using shift/rotate/transform functionalities

this process is iteratively done to achieve maximum georeference
accuracy

Once completed, the remaining bend points are staked out

If stones are displaced or non-traceable, the exact bend point is

staked out and new stones are planted.
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NAKSHA - Drone ORI of Vadakara ULB
Land parcel map with building footprint in Ente Bhoomi

Parcel with all textual attributes &

]

Digial Survey Feid Register  seavoce | vmers EBETR

building details

Digital Survey Fisld Ragister  Kathicode [ vorokors  [ECUEE

Vatossr ()
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7 The Need for Integration

Citizen Services

Fragmented Data & citizen The Solution - Ente Bhoomi

c. A unified single source of data for :
9 a.  One single portal for all land related

0. Three departments (Revenue,

three departments 5 < :

. " services (revenus, survey & registration)

Survey & Registration) .

b. Real-time data flow across ] y

b, Land Record Access — View and verify

b. Handle same dcta  under d t i . e
epartments  usin arcel-linke: s "

_ P 9 P survey maps & ownership details.

different scope ’ o

GUIDs (Globally Unique IDentifiers)

:

c. Digital Pre-m 1 =

c. Citizens traverse  multiple - . i
c. Citizens avail services of all the 5
= - Request for pre-mutation sketches.
offices to handle a single land G d ; e o il

ree departments through a single o 5
) P 9 9 d. Template based registration -
transaction i
) peftaisgnon Registration DEEDS are automatically
d.  Mutation of sketches not S sinil Tt " .

. ingle atform for grievance - 5

9 P 9 system generated in  pre-defined

reflected in line with registration

submission, handling and
templates
€. Lack of a centralised grievance y
resolution

management system

al survey mission

s State of the art survey infrastructure

o fully online digital survey solution

» land parcels measured in the global reference system

. positions are surveyed with maximum possible accuracy

Convergence of Survey and RoR in Ente Bhoomi

*» The spatial data is linked with the textual information
e GUID-based linkage of spatial and textual data.
* Single source of truth for ownership and land exten

Ente Bhoomi
Stepping stone

s Citizens fully oware of the survey activities

t d e canview their records and verify at any point of time through
owa r s the ente bhoomi portal

. citizen presence is ensured during the survey activity

Grievance Redressal - Scope for Strengthening RoR

Citizen and verify their land records and submit grievances online
Efficient fully online grievance management system

All intimations and decisions to citizens delivered online

fully transparent citizen centric management system

Beyond RoR: Handling future mutations and land transactions

. An integrated data bank commen for survey Revenue and registration departments

. Citizens con initiate and complete a land transaction online

. Auto-mutation enables real time updation of records once the land transaction is
completed

. No scope for another Resurvey activity

Conclusive Titling
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T
l Assessments of Drone Deliverable

4

Parameter Description

Drone derived parcel Accuracy | The positional accurccy of points collected through drones and the potenticl errors
from manual digitization

Data Quality Assess the quality of the geometries where some points are drone derived and some

are GNSS derived.

Ascertdining the administrative | The exact legal boundary of a land parcel cannot be assessed from the drone parcel
boundary (in drone data, a compound wall may be digitized at the center whereas in field
survey, the exact corner of the compound wall based on ownership can be identified.

Deviation in mapped area The deviation in parcel boundary and the resultant deviation in area is a factor of
assessment for efficiency of the methodology.

Building footprint The area extracted from the drone derived building data does not match the plinth
area used for building taxation

Building floor configuration The building footprint does not provide the exact floor configuration of the building

Deriving building footprints in | Shorter buildings in between closely spaced high rises will be ¢ hindrance for building
dense regions mapping and the efficiency of cblique cameras need to be assessed.

ntre & Monitoring

Acts as the central command and monitoring hub of the Kerala CORS network

for implementation of the Digital Survey Mission

¢ Ensures continuous positioning reference for Digital Survey Mission and the Ente
Bhoomi / ILIMS integrated system

® Network Monitoring & Health Management

® 24x7 monitoring of GNSS data streams, Station uptime and latency
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# Standards over Brands: Interoperable Digital Cadastral Surveys

multi-brand GNSS RTK rovers

field survey activities

e Different vendors with

efficiencies can potentially tend

influence survey quality.

User Preterence vs OEM Roles

ecosystems for ease of use
training.

supply of survey infrastructure.

measurement is accurate till end

survey.

o Digital cadastral surveys tend to adopt

diverse

® Field users often prefer single-brand

e Without standardization, brand-specific
firmware and filters may intreduce bios.

e Responsibility of OEMs do not end with

e Needs to be extended on ensuring field

Need tor a Tablet PC tor digita ntegrated GNSS5-Total Station
s Controllers have evolved from o GNSS RTK limitations

control interfaces to full-fledged {vegetation, dense urban

~

Learnings
& Key

Takeaways

"

geospatial mapping tools. infrastructure) necessitate Total
Station integration.

¢ Tablet-based controllers are
preferred due to: e Hybrid workflows use:
o Realtime map visualization o GNSS-derived control points
o GNSS + GIS integration o Common coordinate reference
o Field-level QC and validation o Seamless GNSS-TS data

fusion

e Geospatial mapping is now
mandatory for modern  field e Ensures continuous parcel
surveys. geometry even in GNSS-denied

environments.

o IECINENGIREVETEY - though looks relevant may fail to achieve the
ultimate goal of conclusive land Administration system

. - Cannot be recommended as a universal procedure in
the national level, Not viable in places of vegetation cover

o LDV IR T - Should be well defined, supported by robust
IT Solution with provisions for scaling up.

] m - Ensure that survey quality is governed by standards, not
by vendor characteristics.

. = No control on the accuracy and authenticity of the

surveyed records leading to flooding of complaints by citizens

OGN T -GS Y- Land records is unigue to every state.
Incentiwise and set standards for states to have their own solutions for

land administrations.
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Ente Bhoomi - Knowledge Exchange

herry, West B

« Ente Bhoomi has attracted interest from states and UTs such as Andhra Pradesh, Tamil Nadu, Assam, Pudt
wan. Several governments are studying its framework through virtual assessments or by visiting Kerala for

p, Odisha & Raj

training and demonstrations.

ication from DolR

The survey department team and NIC team from Assam have visited Kerala for technology
and knowledge iransfer. Above are the phoiographs of the visit.

;

Inauguration of the onesmonth intensive waining on die Ente Booms digital land survey
system and technology, canducied by dhe Survey and Land Recards Department, Keroa, for

Pondicherry (UT).
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Geospatial Data and
Mapping Infrastructure

National Workshop

Geospatial Bharat
> Viksit Bharat




“ Survey of India

Foundation = National
Geodetic Reference Frame

National Geodetic Reference Frame

‘Common Currency’
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Geospatial Data
& Mapping infrastructure

Foundation = National Geodetic Reference Frame

Geospatial Data
& Mapping infrastructure
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GEOSPATIAL DATA & MAPPING INFRA

>>>>

ECONOMIC DEVELOPMENT & TECH
SOVEREIGNTY

Proof from Varanasi district: ‘Operation Dronagiri’

Rabi wheat crop, Dec'24-April’'25

g )_ﬁ@;gfr_@

Geospatial Data Tech Infrastructure Private sector Measurable

Providers (GDI) & startups ——3 Customized advise impact
. 50l ITC, IdeaForge, LCB @]& @ =00 208 =
* NRSC D ey
* IMD (via phone, IVR, app, WhatsApp, ety
+« NBSS FPO field teams) -
* District

administration —

26,000+ farmers benefited. Measurable 15%+ increase in yield. 25% in farmers’
net income —
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Foundational Data Tech Infrastructure  Applications Interoperability Collaboration

Mr S.V Singh

ORI & DEM data sets Mr Rohan Verma

Tech infrastructure & interoperability

Mr S.S. Rao

Applications (land records)

Applications (natural hazards)

ﬁj— < < ..(
“A" Dr Saharia

Dr Prakash Chauhan

®  Inter-operability & Collaboration

Dr Yuri Fillipov

Global perspective
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National Workshop on Strengthening of Geospatial
Ecosystem

Geospatial Mission: An Enabler of Viksit Bharat

Role of Standards in harmonizing Geospatial Frameworks:
Geospatial Ecosystem and its Vision 2040

AVY
- vy

WOOLPERT
Prof. Dr. Zaffar Sadiq Mohamed-Ghouse
HonFGCA FRGS FIEAust SMIEEE MAICD
Vice President and Director-Advisory & Innovation, Woolpert
Vice Chair, OGC Board of Directors
Chair, UN-GGIM, Geospatial Societies
Chair, UN-GGIM, Asia Pacific — Private Sector Network
Program Board Member, Group on Erath Cbservation
Australian Representative, ISO TC 211 Geospatial Information / Geomatics

\AS

Strategic Spatial Infrastructure for Geospatial
Ecosystems
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We live in an era of rising complexity and
mounting risks from fragmented systems.

From energy grids and global supply chains to emergency
response and infrastructure development, the systems we
depend on are increasingly interconnected. Yet, the data and
decisions guiding them often remain siloed.

Geospatial information provides the foundation for managing F X
this complexity this complexity. It tells us where things are, P
how they move, and how they relate to one another across
time and space. From monitoring land use and tracking “Tivat the serth ol 5 A net kit s Earth fom our dncesiors
logistics to securing borders and planning for climate We have borrovoed it from owr Children. *
resilience, geospatial systems underpin some of society’s S Sy
most critical operations.

Image source:

hittps: e renewableenergyworld. com/energy-storage/global-renewable-energy-gric-
project-integrating-renewables-via-hvde-and-centralized-storager

But today, it's not just about location. It's about shared semantics, common frames of reference, data rights, and trust. As systems
become more complex and interdependent, knowing “where” is no longer enough. Decision-makers need to understand what it means,
who controls it, how it can be used, and how it fits within a broader ecosystem.

That's the promise, and the challenge of the emerging interconnected geospatial ecosystem.

NAS

The paper ‘Towards a Sustainable Geospatia.
Ecosystem beyond, August 2021 defines Geospatial
Ecosystem
v e ol

+ Serena Coetzee, Universtty of Pretoria, South Africa

+ Michael Gould, Esri and University of Jaume I, Spain

+ Bruce MoCormack, EURQGI

- Zaffar Sadiq Mohamed-Ghouse, Spatial Vision, Australia

+ Greg Scotl, UN Global Geospatial Information Management
Alexander Kmach, University of Taru. Estonia

* Nadine Alameh, Open GEDSDGUG\ Consortium

« Josef Strobl, University of Salzburg, Austria

- Andreas Wylzisk, Bochum University of Applied Sciences, ~
Germany

- Thirumalaivasan Devarajan, Anna University, India

"'A Geospatial ecosystem is where people from all over
the world interact with each other directly or indirectly, S0 et
utilizing dependable and accurate location-based data L "i‘ \
and advanced gec-analytics conveyed through dynamic § w/.:
geomedia or open computing environments. Like a | S

natural ecosystem, Geospatial ecosystems are marked
by solid interrelationships between actors and their

I

. * o ﬂ:\_'@)/ﬁ\é

i

surroundings, constant adaptation, and the potential for T 3, -
significant transformations resulting from certain %,

Source: https:figgim.un.org/meetings/GGIM-committee/11th-Session/documents/Towards_a_Sustainable_Geospatial_Ecosystem_Beyond_SDIs_Draft_3Aug2021.pdf
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Bridging the Geospatial Digital Divide: Despits technological progress, significant disparities in
geospatial capabilities persist between countries and regions. The future geospatial information
. ecosystem must prioritize inclusiveness, capacity development and equitable access to technologies
Positioning the and data, ensuring that all Member States, especially developing countries and small island developing
Future Geospatial States, can participate in and benefit from the evolving ecosystem.

Information
Ecosystem

Digital Transformation and Technological Convergence: Rapid advancements in digital
technalogies, including Al, IoT, cloud computing, and advanced analytics, are fransforming how data is
created, managed and utilized. Geospatial information must evolve to remain an integral component of
this wider digital transformation, enabling real-time decision-making, predictive modeling and dynamic
service delivery.

Climate Change and Resilience Building: Climate change presents an urgent global challenge
requiring immediate, coordinated action. Location-based data is fundamental to understanding climate
impacts, managing risks and building resilient societies. The future geospatial information ecosystem
must empower decision-makers with integrated, geospatially enabled insights to drive mitigation,
adaptation and resilience efforts.

Data as a Foundational Public Good: Geospatial infermation increasingly underpins criical public
services, from health and transportation to disaster response and resource management, Recognizing
geospatial data as a foundational public good promotes equitable access, fosters ethical use, and
advances broad societal benefit, strengthening the role of national and global data infrastructures

DATA AS & FOUNDATIONAL
PUBLIE GOOD

Strengthening Governance and Trust in the Digital Era: As data ecosystems become increasingly
FUTURE complex, maintaining public trust, upholding ethical govemance and safeguarding data sovereignty are
GEOSPATIAL emerging as critical imperatives. The future geospatial information ecosystem must embed strong
INFORMATION govermnance framewerks that prioritize fransparency, accountability, inclusivity, and the protection of
ECOSYSTEM human rights, building and sustaining trust in the management and use of geospatial information.

CLIMATE CHANGE AND
ENCE BUILDING

e

B oicivaL TANSFORMATION
B 4D TECHHOLOBICAL CONVERGENCE

Source: hitps://ggim.un.org/meetings/GGIM-committee/15th-session/documents/25-00062_UNGGIM_Geospatial Ecosystem_report. pdf

Future Geospatial Industry Ecosystem for Innovation
and Economic Growth
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EU - Perspective : Destination Earth Enterprise View

al) Ecosystem Principles

Destination Earth must be a flexible and dynamic framework, because of the dynamicity

of the context where it will operate. Destination Earth ecosystem must be able to evolve E‘"E’r

and continue operating, in an effectively and efficiently way, in spite of the framework 2, Nay P’e

and context changes. Destination Earth must be resilient and survive changes (and "““'E‘:"I-:‘:"SE g /"’falom,, SSure

even disruptions) that will likely occur in the coming years, due to technological, scientific, % system}. L o O, SOciaj, o o

organizational, economic, political and societal changes. (Enterprise > "entific ang M.,nmwm‘(Evmw,g\ﬁema“b
system) P

To achieve that, the architecture must implement the following patterns:

+ High Flexibility and Modularity level to effectively de-couple the enabling m
infrastructure and platform system (i.e. a system-of-systems) from the thematic digital  ecvwr
twin ones. The aim is to implement a high scalable system that implements the (Entererse.

Destination *.
Earth !
(Ecosystem

: - " system) emerging
elasticity features required by the collected business goals and objectives. behavior) | fcqg
™
« Independence from a specific provider, technology, or license to defend the °"’Dq,,:'
perceived European values and secure industrial competitiveness, in keeping with the
European data and technology openness and autonomy. é!wlvimgl
nterprise
« Preserve and facilitate the co-evolution of the “digital species” populating the Astem
digital environment in which the Destination Earth will operate ecosystem. This is %ﬁﬁ;a—y
important to maximize the Destination Earth resilience. w«’:ﬁ

Equal opportunities of access to the infrastructure and affordability for small terpris
organizations and across the ICT value chain iz

Meta-systemic governance of the ecosystem to govern its evolutions, adaptations,
mutaticns, and strains. This will also control the observance of the EU Cybersecurity
and Privacy rules,

Source: https://publications.jrc.ec.europa.eufrepository/handle/JRC124 168

hat's Changing —and

MOVi"g Forward Today's challenges, from energy transitions and economic diversification to Al integration and
Together: The disaster preparedness, demand systems that are increasingly adaptive, connected, and cantext-

Emergence of the

aware. While traditional Spatial Data Infrastructures (SDIs) have provided a strong foundation, they
often face limitations in fully addressing the complexity and pace of these evolving needs.
Interconnected
. What's emerging instead is a geospatial ecosystem built on interconnected actors—not just people
eospatial Ecosystem
Geosp E st and systems, but also Al models, tools. standards. governance structures, and shared vocabularies
These actors work together through trusted data spaces, assembling dynamically around specific

use cases and evolving national pricrities.

sl Fioge sneci fescii This new model is defined by key capabilities:
il gk . Interoperability — Seamless integration of diverse data sources and systems using open
standards
il e i - Data Sovereignty — Secure, governed data sharing that preserves ownership and control
- Semantic Clarity — Linked data and knowledge graphs that maintain meaning, provenance,

A New Era for Geospatial Collaboration and traceability

s - Scenario-Driven Design — Systems structured around practical needs like urban planning,
ot it manaia shars, and assly s ot efactvaly, resource management, or emergency response
o) il & Agility — The ability to evolve with emerging technologies, risks. and missicns
- e sonsinngy - Inclusion — Broader participation through low-code platforms, training, and localized capacity

on ooy e building

o soimie of the world's most pressing challenges

- Sustainability — Designed with long-term social, economic, and environmental impact in mind

I i3 BE0SYStE, BELOTS —WAGLN NUMaN B MBEhina.—£an b Baded, remaved, of
reconfigured on demania. They form around speciie nzeds, colaberate INMoUE shared data

' L Al Readiness — Enabled for direct consumption by Al agents and models

Bource: hitps:ifwww.ogc.org/blog-arti hift-that: jec d-why-it-matters-now’
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~ Opeéen GEOSA ¢
E | Geospatial  ipmisesis

Consortium  ceres Authority for Survey

and Geospatial Information

A National Model with Global Relevance

A Shared Responsibility —and a Path Forward

This shift toward a living, interconnected geospatial ecosystem opens new
possibiliies and new responsibilities. It's not just about improving technology; it's
about strengthening coordination, trust, and the ability to act with clarity across
systems, sectors, and borders.

Saudi Arabia’s Nati | Geospatial Ecosy {SANGE) offers a
concrete example of this shift. Developed under GEOSA's |eadership,
SANGE is laying the groundwork to integrate spatial data cubes, semantic
standards, and Al into a sovereign, scalable platfiorm that supports
At OGC, this transition is guiding a new generation of services, toels, and everything from infrastructure planning to land and resource monitoring.
partnerships. We are:

) . "We are building a geospatial ecosystem that is secure, scalable, and built
Modernizing standards to be modular, reusable, and community-driven for long-term value," said Dr. Eng. Mohammed Yahya Al Sayel, President
of GEOSA. "By integrating international standards with national priorities,

Automating validation and compliance for real-time interoperability assurance -
and investing in local capacity, we are equipping Saudi Arabia—and the|

Enabling decentralized ecosystems where communities and governments wider region—to lead in geospatial innovation and respond to emerging
manage their own vocabularies, registers, and services challenges with canfidence.”
Accelerating innovation through agile development and open experimentation Yhile tailored to the Kingdom’s strategic needs. the approach is broadly

applicable. It offers a flexible, standards-based model for other nations and
institutions seeking to modernize their geospatial capabilities in line with
global digital transformation goals.

. Advancing semantic interoperability to power automation, integration, and
responsible Al

Saudi Arabia geospatial ecosystem is a flexible, scalable, and inclusive system that integrates people,
technologies, data, standards, and governance models to enable the dynamic aggregation, analysis, and
application of geospatial information. It is characterized by:

* Interoperability: Seamless integration of diverse data sources and
systems.

« Data Sovereignty: Control remains with data owners, supported by trusted
data spaces.

* Semantic Clarity: Use of linked data and knowledge graphs to ensure
consistent meaning and traceability.

» Scenario-Centric Design: Focused on solving specific, real-world
problems rather than generic data provision.

» Agility and Scalability: Ability to rapidly adapt to new technologies,
policies, and user needs.

* Inclusivity: Engagement of a wide range of stakeholders, including non-
experts via low-code/no-code tools.

+ Sustainability: Consideration of environmental, economic, and social
impacts.

+ Al-Readiness: Enabled for direct consumption by Al agents and models

\YV J 10
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Focus on User Needs & Accessibility

New Approach:

+ User-Centric Design: Designing geospatial services and interfaces
with a deep understanding of user needs and workflows. This
includes usability testing and iterative development.

+ Simplified Access: Providing easy-to-use search and discovery tools
that don't require specialized geospatial knowledge. Think of a
"Google" for geospatial data.

+ Data Literacy Initiatives: Investing in programs that improve data
literacy and empower users to effectively use geospatial information.

* Low-Code/No-Code Platforms: These platforms empower non-
technical users to develop custom geospatial applications,
significantly lowering the barrier to entry. These platforms will play an
increasingly important role in modern geospatial ecosystems, as they
enable complex spatial analytics without extensive coding knowledge. Image source: |D 217785283 ® Ksenia Kolesnikova | Dreamsiime com

Source: https:/iwww.ogc.org/blog-article/the-shift-thats-reshaping-geospatial-and-why-it-matters-now/

LA

From SDIs to Geospatial Ecosystems with Data Spaces

New Approach: The focus shifts to how the data is used —

creating valuable services and knowledge derived from it.
This includes:

API-First Design: Data is increasingly accessed and used through
Application Programming Interfaces (APIs), allowing developers to
build custom applications and services without needing to directly
interact with the underlying data. This is about making data
actionable. Participants in a dataspace

Image source:
https:/fenwikipedia.org/wiki/Dataspace

Data as a Service (Daa8): Instead of downloading data, users
access pre-processed, analyzed, and integrated data streams.

Model as a Service (MaaS): Provides access to pre-trained
{analyticalymodels

Geospatial Analytics Platforms: State-of-the-art platforms and
cloud-based solutions are increasingly used to provide ready-to-
use geospatial analytics and insights

Knowledge Graphs: Moving beyond simple metadata, knowledge
graphs link geospatial data with other relevant information (e.g.,
demographics, economic indicators, environmental factors) to
create richer contextual understanding.

Source: https:/fwww.ogc.org/blog-arti -shift-that ving-gec i nd-why-it-matters-now/ Image source: https: . t-system: p:
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From Top-Down Government-Driven to Market-Driven &

Collaborative
New Approach

+ Decentralization and Federation: We are moving away from a centralized SDI
toward distributed networks where data providers retain control and autonomy.
Though, while this shift fosters innovation and responsiveness to local needs, it
remains important to carefully balance public interests, private sector incentives, and
community engagement.

Top-Down

+ Private Sector Involvement: Encouraging the private sector to build geospatial
services and applications. This leverages market forces and expertise.

+« Community-Based Data Initiatives: Supporting citizen science project sand
community-led data initiatives. This expands data coverage and improves data
relevance; however, reliability and quality assurance processes need to be addressed
carefully.

* Open Data Principles: Promoting open licenses significantly democratizes access,
enhances transparency, and accelerates innovation. For instance, governments
making geospatial data freely available have spurred innovation in urban planning and
environmental monitoring. On the other side, while openness drives innovation and
transparency, robust data governance and equitable access frameworks are essential
in many cases, as the data spaces concept clearly shows.

Source: hitps:/Awww.oge orgiblog-article/the-shift-thats-reshaping-geospatial-and-why-it-matters-now/

\YV
Key Challenges

‘:; Inertia aspects: Overcoming the existing infrastructure and processes of traditional SDIs
;I—; Data Governance: Establishing clear data governance frameworks for decentralized data networks.
L Sustainability: Developing sustainable funding models for new geospatial services.

Iﬁ Interoperability: Ensuring that different geospatial data formats and platform scan work together.

Economic and Business Models: Discussing monetization strategies for geospatial ecosystems, including public-private
partnerships, and cost-benefit analysis of transitioning from SDIs is necessary to understand the economic implications

o

Change Management and Capacity Building: Transitioning to ecosystems requires organizational change strategies, training
programs for participating organizations, and stakeholder engagement frameworks.

)

Environmental Impact: Considering the carben footprint of cloud computing, Al, and loT is increasingly important for sustainable
digital infrastructure.

B

Source: htips:/iwww.oge.org/blog-article/the-shift-thats-reshaping-geospatial-and-why-it-matters-now/
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Building India’s Living Digital Fabric towards 2047

\VV

Vision 2040

A unified, intelligent geospatial-Al-data ecosystem

A future where the world’s digital fabric becomes living, real-time and trustworthy

16
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— " « Al becomes deeply embedded, evolving towards Artificial General Intelligence (AGI) that
| Artificial Intelligence {Al) & AGI surpasses human intellect, driving autonomous systems and hyper-personalized services.
- : + CRISPR and gene editing become common, drastically reducing disease; synthetic
| Biotechnology & Genetics biology creates new materials and food, transforming healthcare and agriculture.
. + Non-invasive wearables and neural implants allow direct thought centrol of devices,
Brain-Computer Interfaces (BCI) thought-sharing, and enhanced learning, making the mind the primary interface.
| : + Solves complex problems beyond classical computers, accelerating scientific discovery
| Quantum Computing and Al development
. e = Virtual and augmented realities become indistinguishable from reality, offering deep
| Immersive Realities (Metaverse) sensory immersion for work, entertainment, and secial connection.
" : « Service robots become household staples, while autonomous vehicles and drones
| Robotics & Automation dominate transport, supported by smart cities }
Sustainable Eneri = Fusion power becomes commercially viable, solar power from space is feasible, and lunar
| us'al ay bases/astercid mining become routine
o . « Nanomaterials and self-assembling {4D) printed objects revolutionize manufacturing,
| Advanced Materials & 4D Printing Carstiiction, ahe madiore
) s = Beyond 5G, networks support pervasive loT, smart infrastructure. and massive data flow
| Hyper-Connectivity forAl
- PP + Expanded space activities, routine on-orbit servicing/assembly/manufacturing, increased
| Space Exploration and Commercialization competition for space dominance, decreased role of government.
1
\VY
S A B

Geospatial technology will be pivotal to
the major tech trends of 2040

& @

Fueling Al and
Predictive Analytics

Enabling Autonomous
Systems

Powering the Internet of
Things {loT) & Smart

Enhancing Human-
Machine Interaction

Supporting
Biotechnology and

Geospatial data will Self-driving cars, drones, Cities Augmented Reality (AR) Resource Management
provide the critical spatial and robots will rely heavily Billions of loT sensors and Virtual Reality (VR) Geospatial data will be
context that Al and on high-definition 3D embedded in applications, which will be vital for precision

Machine Learning (ML)
algorithms need to make
highly accurate
predictiens. This will
power applications like
forecasting climate
change impacts,
predicting disease
outbreaks, and optimizing
global supply chains with
unprecedented precision.

maps and real-time
geospatial data for safe
and efficient navigation.
Location intelligence will
be fundamental to the
operation of autonomous
delivery networks and
public transportation
systems.

infrastructure, vehicles,
and the environment will
continuously stream real-
time location-specific data.
This data will be ingested
by geospatial systems to
enable the management
of smart cities, optimizing
energy consumption,
traffic flow, and waste
disposal in real time.

139

commen by 2040, will use
location information to
overlay digital information
onto the physical world,
creating immersive and
highly personalized
experiences for users,
from navigation to retail

agriculture, monitoring
crop health and optimizing
irrigation using satellite
and drone imagery. It will
also be critical for
enviranmental monitoring,
conservation efforts, and
managing natural
resources in the face of
climate change.



Ubiquitous
Integration

“Location
intelligence will

Geospatial in 2040: A Glimpse

A multi-trillion-dollar economy, fundamentally transformed
from a niche domain to a universally accessible utility.

Real-time,
Dynamic Data

*The sector will
move beyond

Quantum-
Enhanced
Analytics

Digital Twins as
Standard

«The creation “Quantum

computing

Ethical and
Regulatory
Frameworks

<With the
pervasive use

LA |eqor feramr
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Demacratization
of Data

*Open data
initiatives,

be embedded static maps to maintenance of might be used of location dloud-based
by default into provide “digital twins"— in specialized data, robust solutions, and
most software dynamic, 4D virtual replicas geospatial ethical and user-friendly
applications. (3D plus time) of physical applications to privacy interfaces will
operating data that infrastructure, process frameworks make
systems, and updates cities, and even massive, and sophisticated
consumer instantly. High- ecosystems— complex governmental geospatial
devices, resolution will be a datasets regulations will analysis toals
making it a satellite standard exponentially be a accessibleto a
seamless part imagery and practice, faster than cornerstone of broad
of daily life data from a allowing for traditional the sector to audience, from
rather than a proliferation of simulations and computers, ensure individual
standalone low-cost predictive leading to responsible use citizens to
technology. satellites will be maintenance breakthroughs and address small

widely available across in climate concems about businesses, not

and afferdable industries. modeling and surveillance just specialized

material and data experts
science ownership.
>y vy J J
19
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Key elements of this "living digital fabric" will include

- 5

(o)

@@

Autonomous
Systems
Navigation

Autonomaous
vehicles—from self-
driving cars to delivery
drones—will rely on
this dynamic digital
‘fabric for safe, efficient
navigation at scale

Real-Time Digital
Twins

Entire cities and critical

infrastructure will have
dynamic 'digital twins’ updated
by billions of loT sensors
Urban planners will use them
to simulate and optimize
traffic, energy, and disaster
response instantly.

)
Dynamic
Envircnmental
Monitoring

Satellites, drones, and
sensors monitoring
Earth's health. This data
will feed a global
geospatial system for
real-time tracking of
deforestation, ocean
health, and climate
impacts—enabling rapid,
data-driven action,

Geospatial won't just previde maps; it will provide the dynamic, intelligent context that makes all future technology
possible, creating a seamless, interconnected existence between our digital and physical realities.

140
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Foundation: Next-Gen
Geospatial Infrastructure

Robust geospatial foundations are essential—
standards, models, and services create the
backbone.

+ Global geospatial data grids

» Semantic models & standards

« Geo-enabled public services

* Interconnected national digital twins

Drivers for the New Vision 2040

Al as the Reasoning Data Spaces as The Role of Sensors and
Layer Connective Tissue Observations

= Automated feature extraction & + Federated data architectures « Earth observation satellites
classification « Cross-border, cross-sector data + laT sensor netwarks

= Predictive analytics for climate, sharing « Community-generated
disasters, cities » Shared governance, privacy- geospatial data

+ Geo-Al copilots for preserving exchange + Digital identity of objects,
governments, businesses, locations, ecosystems
citizens

Applications in 2040 Goverm_ancs fora Trusted Economic & Social
Digital Fabric Transformation

= Climate early-warning » Interoperable global standards « New industries built on live
ecosystems + Ethical & responsible Al geospatial intelligence

« Planetary-scale supply chain + Transparency, auditability, digital + Reduced disaster losses
transparency rights « Increased efficiency in

= Hyper-personalized mobility & » Shared stewardship between agriculture, energy, transpart
urban services public, private, civil society + Empowered communities & local

=« Biadiversity protection through decision-making

live monitoring

22
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Challenges in Achieving a Living Digital Fabric by 2040

Ethical & Regulatory Challenges

Privacy Risks from Location Data

Sensitive location data collection risks personal privacy through re-identification and potential misuse.
Informed Consent Challenges

Passive data collection by loT devices often occurs without clear user cansent, creating ethical concerns.
Regulatory Inconsistencies

Different global privacy laws complicate compliance and create gaps in universal ethical standards
Surveillance and Civil Liberties

Digital fabric infrastructure may enable mass surveillance, threatening human rights and freedoms

""" |

Security & Infrastructure Risks

Critical Infrastructure Vulnerability

Spatial data for smart cities could be exploited to disrupt power grids, transport, and communication systems.

Cyber Espionage and Data Breaches

High-resolution geospatial data is a prime target for cybercriminals risking national security and personal data exposure
Data Integrity and Trustworthiness

Reliable real-time geospatial data is essential to prevent manipulation that could cause emergency response failures.
Need for Advanced Cybersecurity

Protecting critical systems requires advanced security measures, continuous monitoring, and international cooperation.

Technical & Market Challenges

Interoperability and Standardization

Integrating diverse data sources requires robust frameworks that are not yet universally adopted, hindering seamless data use.
Data Availability and Quality

High-resolution foundational datasets are scarce or inaccessible, complicating efforts to ensure consistent and accurate data
Skills Gap in Geospatial Industry

A shortage of geo-generalists skilled in Al, data science, and urban planning limits effective data management and analysis.
Market Awareness and Adoption

Lack of awareness among stakeholders in underdeveloped markets slows adoption of geospatial services and technology.

Path to 2040

Technologists / Private Sector

Drive | 1 8. C

Build scalable solutions to realize the vision

Develop Interoperable Platforms

Create open standards for seamless data integration.

Prioritize Security-by-Design

Embed strong cybersecurity fram the start.

Invest in Al & Analytics

Advance AI/ML for real-time spatial data and predictive insights
Build Public Trust

- Ensure transparency, clear policies, and user control cver data

overnment

Establish Clear Regulations

Define global rules for privacy, consent, and data
ownership

Invest in Data Infrastructure

Fund high-resolution, open-access geospatial
datasets.

Promote Public-Private Partnerships
Collaborate on climate resilience, smart cities,
and disaster management

¢ ion Internati ds

Drive Fundamental Research
Explore guantum computing, AR/VR visualization, and

advanced data analytics.

Lead Ethical Dialogue

Develop frameworks for responsible data use and study
unintended impacts

Reform Curriculum & Fester Talent

Create interdisciplinary programs to build “geo-generalists’
skilled in Al, data science, and urban planning.

Facilitate Knowledge Transfer

Partner with industry and government to turn research into
practical solutions.
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Enable seamless cross-border geospatial
operations

Lead by Example

Adopt “geo-by-default” policies in governance
and planning.



BOLD VISION. BRIGHTER_ FUTURE.
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A unified, intelligent geospatial-Al-data ecosystem - where India’s digital
fabric becomes living, real-time and trustworthy. -

A\VYV

India’s National Missions Enabled by a Unified Geospatial Ecosystem

Governance, Platforms &
Cross-Cutting Systems

Bhuvan platform. Open Government
Data Platform. State geospatial portals.
E-governance portals

Urban & Rural Development,
Water & Sanitation

Jal Jeevan Mission. Namami Gange.
National Hydrology Project. Atal Bhujal
Yojana. Inter-basin transfer and
command area mapping. Jal Shakti
Abhiyan. CITIIS 2.0. AMRUT. Swachh
Bharat Mission. Digital Farmer Registry.
Soil Health Card. Crop insurance and
PMFBY. MGNREGA. Ayushman Bharat.
School mapping. Ccensus mapping.

Energy, Utilities & Power

Rooftop Solar Mission. Power
distribution. PM Surya Ghar Muft Bijli
Yojana
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Core Infrastructure and
Logistics

PM GatiShakti. Unified Logistics
Interface Platform (ULIP). Bharatmala
Pariyojana. Sagarmala. Pradhan Mantri
Gram Sadak Yojana. Urban
Infrastructure Development Fund
{UIDF). Amrit Bharat Station Scheme.
BharatNet

Climate, Environment &
Disaster Management

National Database for Emergency
Management (NDEM). Ferest
Conservation ICAMPA (Compensatory
Afforestation). Air quality & emissions

MOSDAC ( ological &
climate GIS feeds).

Land & Natural Resource
Management

DILRMP. SVAMITVA scheme. NAKSHA.
GSl) mapping. Coal, oil & gas pipeline
corridor GIS. Coastal Regulation Zone
{CRZ) compliance mapping.
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GIS STANDARDISATION

* Crucial for nation Development
» Seamless Integration between various

Domains

* Areas where land and sea converge

«=CZM

« MSP

* Environmental Monitoring

» Urban Coastal Development
» Climate Change Adaptation

« Complex interaction between Land and

Sea

* Traditional View- Land Based
* |ndia Vast off shore area- Teritorial Sea,

EEZ, Continental Shelf
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CHALLENGES IN GEOSPATIAL DATA

LACK OF STANDARDIZATION

» GIS Systems developed in silos Warning N @ #0f172a

- e

» Different reference system, data A S 7‘17%
collection and exchange standards : El
Land GIS Maritime/Sea Air/Aerial
Systems Systems

» Limited interoperability between land,
sea and air domains

HYDROGRAPHY AND IHO

MAPPING THE SEAS

» Oceans and seas: Cheapest medium for cargo transport
» International Hydrographic Organization (IHO)

» S-4 standards for paper charts

» S-57 format for electronic data exchange
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DRAWBACKS OF S-57

Limited flexibility Outdated structure Limited attribute support

(5)

(6)

9.
70

No support for 3D data Compatibility issues Limited metadata support

S-100 FRAMEWORK

NEXT GENERATION HYDROGRAPHIC
DATA

' Improved Safety and Efficiency ° Better Data Management and Interoperability

Advanced Route
Optimization l

& Marfiie

Aweidingsteding — | )
0 Future-Proof and Scalable Design 0 Aligned with OGC and ISO Standards

/ m© @
»'l wrs XD @ <l
st P G @
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S-100 OGC COMPLIANCE

ENSURING INTEROPERABILITY

» OGS web services (WMS, WFS, CSW)
» GeoJSON and GML encoding
» 1SO 19100 series compliance

¢0f172) GeoJON / GML Encoding Formats

o.. = ”
OGC Web Services le) (o) IS0 19100 Series

Compliance

WMS fiwrs

BENEFITS OF S-100

ENHANCED VALUE AND UTILITY

Seamless Data Exchange Standardized Data Flexible Data Exchange for Support for 3D Visualization
Across Domains Formats and Structures Diverse Applications and Advanced Analytics

— H—1 > Depth layers
a Emem | - ;
unified API Land GIS ——i—l | B 58 —

endpoints \ f databases E | - C—

@‘ GeoJSON code exampie

_—

3D bathonscon model

standardirels @
o

GML code example S et A S-100 data source
Prvironmental ' Environmental

consistent field definitions Monitoring platform ‘ Managering Syster

—
standizd protccls

3D navigation corrioyticul

across systems

{e
®

{ 8 data transformation

Land GIS e errors eliminated

databases standardized
proages

Navigation Chapt generation Tool traffic patterns chart risk zones heatmap
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TRANSFORMATION AND ADOPTION

MOVING FORWARD

» Tools for transforming legacy S-57 data
» Human intervention required
» Global adoption of S-100

S-57 to S-100
Data Migration & Transformation

Migration Path

Validation
l Global Adoption

.~,, Human Expertise

Oversight

CONCLUSION

NEXT GENERATION HYDROGRAPHIC
PRODUCTS

» S-100 framework ensures seamless integration, interoperability and
data exchange

N

S-100
standard
framework
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Role of Standards in Harmonizing Geospatial
Frameworks

Dr. DEBAPRIYA DUTTA
Former-SCIENTIST "G”
(ADVISOR)
DEPARTMENT OF
SCIENCE AND
TECHNOLOGY.GOVERNM
ENT OF INDIA. NEW
DELHI.
Chairman LITD 22
BIS

The Challenge

e Geospatial data remains fragmented across jurisdictions
and domains

e Incompatible data formats, coordinate systems, and
metadata structures

e lack of interoperability hinders integrated geospatial
services

e Digital transformation requires seamless ecosystem-wide

data exchange
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What Are Geospatial Standards?

.o Internationally agreed technical specifications that

enable consistent geospatial data management,
exchange, and interoperability across organisations
and domains.

e Developed by ISO/TC 211 and OGC (Nearly 100
specifications)

e Cover data models, formats, metadata, and web
services

e Enable seamless integration across jurisdictions

Standards
National

Action Plan
2022-27
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Drivers of Future Standardization In India

Economic
Growth

o)
Digital
Engineering

Climate
Change
&

& Regulation & ) —
T other Enabling Sustainability
rade .: Technologies . .

Public Policy
&

Core ISO/TC 211 Standards

‘) ISO 19115 Metadata l:: ISO 19157 Data Quality

Defines schema for describing
Establishes principles for assessing

eographic information, enablin :
geogiEp 9 quality aspects like completeness

efficient data discovery. and accuracy.
Adopted: IS 18565 (Parts 1 & 2: 2024
Adopted: IS 16439:2016 (national standard) SRE (Rats )

(/) ISO 19168 Geospatial API ' ISO 19153 Digital Right

Ualines:  APls  Tor Bacessing Framework for managing digital

geospatial data, enabling rights, defining access and usage
interoperable services. rules
Adopted: IS 18620: 2024 Also known as: GeoDRM
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Vo, IS No.
1. IS 13393 :2017; ISO 6709 Standard representation of geographic point location by coordinates (First Revision)
z 1S 16439 : 2016 Metadata standard for geospatial information
3. IS 16554 ; 2017 Data exchange standard for geospatial information
4 IS 16626 : 2017; ISO 19136 : 2007 Geographic information - Geography markup language (GML)
BN 1S 16626 (Part 2) : 2018; 1SO 19136-2 : 2015| Geographic information - Geography markup language (GML): Part 2 extended
schemas and encoding rules
6. IS 16699 : 2018: ISO 19128 : 2005 Geographic information - Web map server interface
7. IS 16701 : 2021 ISO 19142: 2010 Geographic information — Web Feature Service
8. IS 16966 : 2018; ISO 19132 : 2007 Geographic Information — Location-Based Services — Reference Model
IS 16967 : 2018; ISO 19133 : 2005 Geographic information - Location - Based services - Tracking and navigation
IS 16968 : 2018; [SO 19134 : 2007 Geographic information - Location - Based services - Multimodal routing and
navigation
IS 16970 : 2018; ISO 19109 : 2015 Geographic information - Rules for applications schema
IS 17007 : 2018; ISO 19103 : 2015 Geographic information - Conceptual schema language
1S 18565 (Part 1) ; 2024: 1ISO 19157-1 ;2023 Data quality Part 1 General requirements
IS 18565 (Part 2) : 2024; 1SO/TS 191572 Geographic Information Data Quality Part 2: XML Schema Implementation
IS 18594 : 2024; ISO 19152:2012 Land Administration Domain Model (LADM)
1S 18620 (Part 1) : 2024; [SO 19168-1;2020 Geospatial API for features Part 1: Core

CURRENT PROJECTSINLITD 22

<Data Content Standard for Geospatial Information —

Soils, Geology, Forest.

ssCadastral Data Content standard for Geospatial

Information

“»Revision of IS 16439 ‘Metadata Standard for Geospatial

Information
«»*Standards on LIDAR
<+ NAVIC RECEIVERS

152



Future Indian Standards in Geospatial Sector

)

Data Content Standards for all Fundamental Data Themes is a requirement

How Standards Enable Harmonization

UML-based data models ensure consistency across
jurisdictions
Common metadata structures (ISO 19115) improve data

discovery

Standardized XML schemas facilitate automated data

exchange

FAIR principles (Findable, Accessible, Interoperable, Reusable)
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How Standards Enable Harmonization

UML-based data models ensure consistency across
jurisdictions
* Common metadata structures (ISO 19115) improve data

discovery

» Standardized XML schemas facilitate automated data

exchange

* FAIR principles (Findable, Accessible, Interoperable, Reusable)

GDI in Action : Multi-Agency Interoperability in
PM Gati Shakti Programme

M, Use Case _ — ==
| Alignment planning for the B‘_Efare GD[ Aftér GD[
" Delhi-Amritsar—Katra Expresssway
: Challenge Fragmented ISO/OGC-
ik Critical datasets—forests, defense zones, datasets standardized
{ ém‘/ﬁ power lines, canals, heritage sites—were |ayer3
) held by different ministries in
non-standard formats, slowing lanning Manual data Real-time multi-
exchange agency overlays
».  How GDIHelped
\ « ISO/OGC-compliant layers Months for Insights within 48
| (ISO19115, IS0 19144, 0GC WMS/WFS) analysis hours

« Real-time overlays from MoRTH,

MoEFCC. Railways, PowerGrid, AS|, States Duplication & Sing|e authoritative
» Automated conflict detection

(wildlife corridors, heritage buffers HT lines conflicts dataset
. Cutcoms Low transparency Fully auditable
B . Optimized alignment in 48 hours decisions
~ instead of months - -
« Avoided ecological & heritage impacts Environmental Early conflict
« Reduced delays, improved risks detection
transparency, enabled evidence-based
planning
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ISO-OGC Co-operative Framework

* 30-year partnership advancing geospatial standardization

* OGC develops implementation standards and

specifications
* Fast-track process for equivalence with ISO standards

* OGC Web Services (WFS, WCS) €= I1SO 191XX alignment

ISO-OGC Standards Harmonisation in the
dian Context

Bhuvan portal , ISRO

The Bhuvan geoportal integrates a range of OGC Standards to facilitate
seamless access, visualization, and querying of geospatial data, including:

— Web Mapping Service (WMS) [OGC WMS /1SO 19128]

— Web Feature Service (WFS)[OGC WFS 2.0/ 1SO 19142:2010]

— Web Coverage Service (WCS)

— Catalogue Service for the Web (CSW)[OGC CSW/ISO 19115/19139]
— Keyhole Markup Language (KML)

— Web Map Tile Service (WMTS)

— Web Processing Service (WPS)

— Sensor Observation Service (SOS)
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ISO-0OGC Standards Harmonisation in the
Indian Context

Explore

Integrated Geospatial Data Exchange Interface
(GDI)

* Unified, open-access system built on OGC APIs, designed to make
metadata-rich, analysis-ready geospatial data available for application
developers, researchers, startups, and policymakers alike.

* To deliver its services, GDI relies on the following OGC API Standards:
— OGC Features API — for accessing vector data [ISO 19168-1:2025]
— OGC Tiles API —for visualising raster and vector data as base maps
[ISO 19177-1: Geographic information — Geospatial API for tiles
— Part 1: Core]
— OGC Coverage APl — for accessing coverage data[ISO 19123-
1:2023]

156



Il wdeqor fersrmr
2/ Survey of India

AN Wiy




TR Feaor formr
Survey of India

What Is GIS? History And Development Of
The term GIS refers to sls

...specific coordinates to specific regions, latitudes and longitudes.

...We use them everyday (whether you realize it or not) ‘Saurce - GIS Universiy - Author 1AN
. Today, Here we are with
Learning process PHASE 3 b BIS . ISO
s
Organizations geographical Driving force and
engaged with information systems collaborative work
learning process were marketed to along with
the general public. standardization.

PHASE 1 PHASE 2 PHASE 4
... was reserved to — Geographic Since the GIS
a select few Information technology has
organizations with Systems captured continuously grown
deep pockets. National attention, with new inventions
often being used in
Government
agencies.
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Metadata is first element and interface of the user to a Natural Resources Repository, which enables a user to
find, on-line, spatial data that is available.

Metadata serves two major purposes
i.e. both for the Geospatial data generator and for the Geospatial data user.

For the generalor,
the metadata standard provides a framework to document the spatial data and declare its content for
users.

For the user,

the metadata standard serves many important purposes such as finding the

spatial data of the need, browsing spatial data, deciding on whether the spatial data will meet the
application need and finding how the spatial will meet the application need and finding how the
spatial data can be accessed.

DEVELOPMENT OF METADATA STANDARDS:

Over the years, NNRMS has provided the impetus to use of data from the Indian Remote Sensing Satellites (IRS)
series and has generated spatial databases through

National mapping missions of NNRMS - Use of satellite images and GIS for creation of large-databases.

In 1898, the NNRMS took a major leap in defining GIS standards for the project

‘Natural Resources Information System (NRIS)' and adopted the "NRIS Standards”, the first GIS standardization in
the country. To define the standards, the efforts at standardization in the remaining world — especially in USA
(through the US-NSDI and USGS National Map); Europe (through the IGN Standards of France and Eurogi
Standards for Europe); Australia (through the AUSLIG NSDI Standards) and the international efforts of GSDI, ISO,
CEOS, ISPRS etc. have been studied. Most of these standardization efforts are “compartmentalized” and address
separately for images, cartographic mapping, thematic mapping, GIS and outputs — thus many even face difficulty of
internal inter-operability.

The metadata efements and schema needs to be standardized at National level.

In this regard, the metadata standards have been developed earlier by National Natural Resources Management
System (NNRMS), ISRO and the same was adopted by NSDI and declared open at National level in the year
2003.

159



Survey of India

NNRMS

1 CONCEPTUAL FRAMEWORK OF RASTER AND VECTOR STRUCTURES
2 GIS DATABASE DESIGN

3 TILE CONCEPT OF GIS DATABASE DESIGN

4 PROCEDURE FOR SPATIAL DATABASE CREATION

5 FRAMEWORK OF NETWORKING AND AGGREGATION

VISION

INFRASTRUCTURE FOR THE AVAILABILITY OF ORGANISED
SPATIALAND NONSPATIAL DATA AND MULTIMLEVEL
INFORMATION NETWORKING TO CONTRIBUTE TO LOCAL,
NATIONAL AND GLOBAL NEEDS OF SUSTAINED ECONOMIC
GROWTH, ENVIRONMENTAL QUALITY AND STABILITY AND
SOCIAL PROGRESS

NSDI 2.0 — Metadata Standard

metadata standards with 28 elements

(9 elements are made mandatory and rest of the 19 elements as optional for every spatial data
generating agency in the country).

ISRO, with the involvement of Survey of India (SOI), National Informatics Centre

(NIC), Geological Survey of India (GSI), Forest Survey of India (FSI), National Bureau of
Soil Survey and Land Use Planning (NBSS&LUP), National Atlas and Thematic
Mapping Organisation (NATMO), Central Ground Water Board (CGWB), Central

Water Commission (CWC) and the private sector, has led the effort of defining a
‘National Metadata Standards'.

2009
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Sr.

Elemenls

Scheme

(5]

Data
Identification
Information

Contact
Information

Coverage

Name of the Dataset
Name of the Data
Theme

Keywords

Access Constraints
Use Constraints
Purpose of Creating Data
Data Type

Contact Person
Organization
Mailing Address
City/ Locality
Country

Contact Telephone
Contact Fax

Contact Email

coverage.x.min

coverage.x.ma
coverage.y.min

coverage.tlate

coverage.t.early

coverage.PlaceName

coverage PeriodName
coverage.spatial.resolution

coverage spatial georeference

coverage.spatial.aggregation

coverage.lemporal.precision

Coverage.temporal.interval

coverage.temporal.aggregation

Elements - 2009

1S 16439 : 2016

A |eor feramr
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4 | Geographic Metadata.identificationInfo >
location of the Datalcentification.extent > Extent >
datasel (by four | GeographicBoundingBox
coordinales or or
by description) GeographicDescription
3 Citation Data Prepared by
Original Source
Source Scale and Date Mapping
year digitizing year
survey year
Lineage
Associated Project preparing the data
Associated Publications person.Email
person.Affiliation CorporateName
CorporateName. Address
6 Metadata date Metadata.dateStamp M
stamp 15008601
7 Type Data Format
Data File Size
Data Physical Location (Computer + path)
8 [ Subject subject.specific
subject.domain
9 Descriplion descriplion
description history
10 | Publisher Publisher
publisher.address
11 | Dataset Metadata.identificationlnfo >
responsible party | Dataldentification. pointOfContact >
ResponsibleParty
12 | Distribution Metadata.distributionInfo > Distribution >

Format

Format

AR AWF Indian Standard

H-FaTiATF el

F o ATErT AE

Metadata Standard for Geospatial Information

Metadata Standard for Mandatory Elements and Schema
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IS 16439 : 2025
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Metadata Standard for Geospatial
Information
( First Revision )

ICS 35.240.70

BIS 2025

AR H 2
BUREAU OF INDIAN STANDARDS
S 3, 9 gy e s e, feee - 110002
MANAK BHAVA:E‘\ZNBNMDMR SHAH ZAFAR MARG

A

P

DELHI - 116002
wwwbis govin  www standardsbis.in
September 2025 Price Group 9
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Where we are ?

= Thereis also a ‘many-to-many’ problem. For every organization
involved in sharing or accessing data, you have more data
translations that need to take place. Say ten organizations are
working together. This means 10 x 10 possible data transfers,
resulting in 100 potential translators required to move the data.
(Hintz, 2021)

The use of geospatial information and data is increasing
rapidly, not just in govemmemal private, and academic

s but alsc among the general public, often
contributing to collecting information involuntarily. Mass
amounts of data derived from different scurces lead to data
inconsistency and potential storage problems. (Innerebner et
al., 2017)

comim

Another issue is that the satellites are capturing enormous
data at higher spatial and spectral resolutions than ever
before, leading to larger download velumes and the need for
extensive in-house I T infrastructure if local processing is
chosen instead of cloud computing. (OGC 2018)

FAIR Data

The data has sufficiently rich metadata and a unique and
persistent identifier to be easily discovered by others, This includes
assigning a {like a or), having rich to describe the data and making

sure it is findable through disciplinary local or international
discovery partals.

Accessible

The data is retrievable by humans and machines through a
standardized communication pratocol, with authentication and
authorisation where necessary. The data does not necessarily
have to be open. Data can be sensitive due to privacy concerns,

national security or commercial interests. YWhen if's not able to be
open, there should be clarity and transparency around the
conditions governing access and reuse.

Researchers spend considerable time, money and effort collecting and interrogating data. Making
your data findable, accessible, interoperable and reusable (FAIR) maximizes the impact of that
investment, including gaining mare citations for your data sets
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FAIR Data (cont..

The associated data and metadata uses a ‘formal, accessible,
shared, and broadly applicable language for knowledge
representation’.  This  involves using community accepted
languages, formats and vocabularies in the data and metadata
Metadata should reference and describe relationships to other
data, metadata and information through identifiers.

&v?&

[ iochan D pubtshes Memmce X 4

© @ geosparsiworidner

The asscciated metadata provides rich and accurate information.
and the data comes with a clear usage licence and detailed
pravenance information. Reusable data should maintain its initial
richness. For example, it should not be diminished for the purpose
of explaining the findings in ane particular publication. It needs a
clear machine readable licence and provenance information on
how the data was formed. It should also use discipline-specific
data and metadata standards to give it rich contextual information
that will allow reuse.

Using the FAIR data principles can accelerate the impact of your work as more researchers can
find and reuse your data.

A way that will enable maximum use and reuse.

W/_’PHIMEI

Source - hitps:/iwww geospatialworld net/news/indian-nsdi-publishes-
metadata-standards-ver-2-0f
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What are Standards and Why are They Important?

A standard is a mechanism/tool for provider and users, which establish consensus, to provide
rules, guidelines and services for specific purpose.

Developers - working knowledge about what standards are required for specific purpose for
implementing geospatial standards and interoperable solutions.

Users - who must understand the importance of adhering to standards and use of the implemented
standards for organisations.
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NATIONAL GEOSPATIAL POLICY, 2022

+ Preamble 1.1. Geospatial technology has applicaticns in almost every domain of the economy ranging from agriculture
to industries, development of urban or rural infrastructure, administration of land, economic activities of banking and
finance, resources, mining, water, disaster management, social planning, delivery services, etc. Geospatial data is now
widely accepted as a critical national infrastructure and information resource with proven societal, economic and
environmental value that enables government systems and services, and sustainable national development initiatives,
to be integrated using ‘location’ as a common and underpinning reference frame.

+ 1.2. The National Geospatial Policy, 2022 (the Policy) is a citizen-centric policy that seeks to strengthen the Gegspatial
sector to support national development, economic prosperity and a thriving information economy. The Policy builds on
conducive environment generated by the “Guidelines for acquiring and producing Geospatial Data and Geospatial Data
Services including _Mags" dated 15.02.2021 (the Guidelines), issuied by Department of Science and Techno_log(y QDST),
Government of India (Gol). While the Guidelines deregulated the Geospatial sector by liberalizing Geospatial data
acquisition/production/ access, the Policy takes it further by laying down an overarching framework for holistic
development of the Geospatial ecosystem. It spells out the visian, goals for the Geospatial sector and outlines the
strategies for achieving them. It seeks to develop Geospatial infrastructures, Geospatial skill and knowledge, standards,
Geospatial businesses, premote innovation and strengthen the national and sub-national arrangements for generation
and management of Geospatial information. The GeoSpatial data acquisition/production/access will continue to be,
governed By the Guidelines in its present form or as stipulated by DST from time to time with an aim to promote private
sector participation through continued enhancements of Ease of Doing Business in the sector.

Refer page 14 THE GAZETTE OF INDIA : EXTRAORDINARY [PART II—SEC. 3{ii)]

2. Vision and Goals

2.1.1. To make India a World Leader in Global Geospatial space with the best in the class
ecosystem for innovation.

2.1.2. To develop a coherent national framework in the country and leverage it to move towards
digital economy and improve services to citizens.

2.1.3. To enable easy availability of valuable Geospatial data collected utilizing public funds, to
businesses and general public.

2.1.4. To have a thriving Geospatial industry in the country involving private enterprise.

3.6. Standards: The Policy will encourage open standards, open data and platforms. It will promote
establishment and adoption of best practice standards and compliance mechanisms for enabling
data and technology interoperability to deliver integrated Geospatial information and location-based
knowledge creation

3.7. Capacity Development: The Policy will encourage enduring capacity development and
education programs so that the value and benefits of integrated Geospatial information
management is sustained in the long term. It will also aim at the spread of Geospatial thinking and
education to the young minds from school level onwards wherein there would be standardization
and certification of courses and skill sets in line with the global best practices.

3.8. Ease of Doing Business: Continued liberalization in line with the Guidelines will be carried out
and supported.

3.9. Democratization of Data: The Survey of India (Sol) topographic data and other Geosp
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Standards
development
activities in India

New  siandards
identification,

development and
their revision

Standards
development by
Govt. and
MSMLEs

Mechanism
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Geospatial framework scenario

Standards availability

Emerging Standards and Trends
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Interoperability for data sharing
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Geospatial framework scenario

To implement of usable, beneficial, economically viable |

reliable, specific to organization needs, interoperable and sustainable solutions for Geospatial

standards and harmonize geographic services in the framework.

Geospatial framework scenario

key points of geospatial standards.

» Decision-makers: They require guidance and coordination to comprehend the advantages of standards
and the significance of establishing strategic objectives to enhance geospatial usage.

« Developers of Interoperable Solutions: They need practical knowledge regarding the necessary and
applicable standards for different scenarios. They also require methods to access these standards and
initiate the crucial steps for implementing geospatial standards and interoperable solutions.

» Standards users: They must recognise the importance of adhering to standards and providing feedback
for the continuous improvement of implemented standards.

» Practitioners in the Public and Private Sectors as well as Civil Society:
They need to understand the benefits of working with standardised data. They should alsc grasp the
reasons behind how things function, enabling them to share their experiences and success stories related
to standards with others.

Geospatial Unit 14 Standards
Contributor: Dr. Debaprya Dutta
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Geospatial framework scenario

Development of a National Digital Gecspatial Data Framework
Federal Geographic Data Committee April 1995 came with

Purpose and Goals

The framework is a basic, consistent set of digital geospatial data and supporting services
that will:
provide a geospatial foundation to which an organization can add detail and attach attribute

information.
provide a base on which an organization can accurately register and compile other themes of

data, such as soils, vegetation, or geology.

orient and link the results of an application to the landscape.

The framework will help data producers locate their information in its correct position and
provide a means of integrating this information with other geospatial data.

s i

Y
we

Togat adegg,
LRI

The national metadata standard widely
adopted for describing geographic information
and services.

Applications
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Data a n d M eta d ata Geospatial services

etadata

About NDEM

National Database for
Emergency Management You are viewing NDEM v4 1 beta version
(NDEM) isa unique Geo—por‘tal to Piease download the latest version of NDEM Mobile Lile from the botiom section of this Home Pag
disseminate space-based inputs —
along with services of forecasting : National Database for Emergency Management
organizations addressing all o
natural disasters in all phases at Contact Sitemap Login
PAN India level with the [ Current Disaster Specific News}
ama|gamati0n of multi-scale 02/12/2023 08:57 hrs : *Cyclone’ Michaung
. . intensifies. coastal Anahra, Tamil Nadu brace |
geospatial database coupled with ior heasy rai
decision support system tools. At 02/12/2023 07.05 hrs - Avalanche warning in

Kupwara district

02/12/2023 07:05 hrs  Tourists rush to
Bhaderwah after snowfall
02/12/2023 04:45 hrs - Above-normal
temperatures likely in most parts of country
in December: IMD

02/12/2023 02:04 hrs - Cyclone ‘Michaung’
To Cross Tamil Nadu Coast On Dec 4, IMD

the behest of Ministry of Home
Affairs (MHA), Government of
India, National Remote Sensing
Centre (NRSC), ISRO has
established the state-of-art

omparison of lake water spread in
October 2023
10-26

facility at NRSC, Hyderabad with Predicts Very Heavy Rains In Chennal, Other
structured framework with multi- o :

3 i A T i i 02/12/2023 02:00 hrs - Fresh spell of
institutional participation to assist snowrallin Gulmarg cheers tourists in J-Ks

the decision makers, disaster
management officials of all
States/UTs, NDRF/SDRF for
preparedness, hazard/risk
zonation, damage assessment
and emergency response.

Bay of Bengal Tropical weather outiook
Landslide Atlas
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NDEM Metadata Standards

NDEM Metadata provides a framework for organizing multi-scale geospatial data for
dissemination to entire country for effective disaster management in the country .

It includes information such as:

v Identilication Information

¥ Data Quality Information

v Spatial Data Organization Information

v Spatial Reference Information

v Entity and Attribute Information

NSDI Metadata Standards are adopted to share the geospatial information.

Marze of Detaset
Narze of theme
Keywords

Access Comstarmts
User Constarizts
Purpose

Data Type

Name of Conmct
Pason

Organization
Mailing Address
City

Country
Telephone
Faxno

EmallD

MK Min¥’
MaxX )/ MaxY
Spherouddarum
Coverage Aren
Coverage Perind

1Dl
Mahzrastre Lard Use Land Cover
Themstic Laver
Land Use Land Cover,1:50,000
For authonzed NDEM users
s 0 Web Map Service
For Disaster Managemert
Vector-Polygon

1.Coutact Information
Project Director, NDEM, RRES

National Remote Sensing Cenre

Balanasgar

Hydersbad

India

914023884543 91 854

~+91.40.23380445

zdam_admin@me govin
TLCaversge

7268263 / 15.606371
§0.89836 / 22 026373
GCS/WGS_1984
MAHARASTRA

LULC 2nd Cyele.2011_2012

IV.Citation
[ Dataset Prepared By National Remote Sensing Center

g:;i‘““ St OF g ourcesar 2 LISS I

Mapping Tear 2013
Data Scale 1:50,000
Date Stamp 23052014

Dataset

Settesitin. Geospanal Themane Lavers
VIL Metadsta Langusge
Langusge Language IS0 0635-2Bsk: English
'VIIL Description
y— Ttie n Land Use Lard Caver Database on 1:50,000 scale, Created using the three

‘seasions ResowrceSat LISS-III data of the vear 2011-2012

Data |dentification
Information

Contact

Information

Coverage

Citation

Date stamp

Dataset topic category

2
7|

|

Language
Abstract describing the data

Image Data

NSDI format

Name of the Dataset
Name of the Data
Theme

Keywords

Access Constraints

Use Constraints

Purpose of Creating Data
Data Type

Contact Person
Organization

Mailing Address
CityfLocality

Country

Contact Telephane
Contact Fax

Contact Email

COVErage X max
coverage x.min
coverage.y.max
coverage.y.min
coverage spatial. georeference
Data Prepared by
Original Seurce

Source Scale and Date
Mapping year
MD_Metadata dateStamp
18008601

Mame of the [ayer

Name of the Data that layer consists
Theme of the Layer

Keywords to acess the layer
Limitations for accessing the data
Limitations for using the data
Purpose of datasats

Type of data {Ex VectorRaster)
Contact Person Name

Crganization Name

Contact address

City Name

Country Mame

Telephane Nurmber

Fax Number

Email of contact person

Maximum Longitude value of Dataset
Maximum Longitude value of Dataset
Maximum Latitude value of Dataset
Minimuim Latitude value of Dataset
Coordinate System of Dataset
Mame of Data Prepared Organization
Source of Data
Scale and Date of Source data
*ear of Mapping
Meta data Prapared date

MD_Dataldentification topicCategar Dataset topic used to identify the data in Portal

[anguage 1SO0639-2Bsh
D_D: abstract

&=

Metadata language
D lion abolt data,

Name ofthe Satellite
Sensor
Path

Row

Image Acquired From
Date and Time of Image
File Format

Bits per Pixel

Spatial Resolution
Spanak Resolution Unit
MNumber of Bands
Humber of Rows
Number of Cols

Name ofthe Satellite

Narne of Sensor

Orbit ofa satellite

Itrefers to the latitudinal center line of a frame of
imagery

Narme of Organization that acquires image
Data and Time of Image Acquisition

File extension

Bites per pixel in aimage

Spatial resolution of the dataset

Units of Spatial Resolution

Number of Bands in a raster dataset
Number of Rows in a dataset

Number of Cols in a dataset
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T8 ey Ud fIhfes Amfaor gese /
National Atlas & Thematic Mapping

Organisation

Source -

hltps:!l%eoporla\ natmo.gov.in/dataset/ancient-india-cultural

IEE Teerd U

FEAEOT Hereet / National Atlas & Thematic Mapping Organisation

astansconmrin
Suraous o crestes pats:

STANDARDS

Title A
Abstract

License
Publication Date
gions.

Bublished
Featured

ot
Attribution

Name

emai
Pasition
©Organizatien
Lecation

Source - https://ikgp. icfoss.orgimaps/624/metadata_detail
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x4
c = kersackarmataka.gov.in/kgis/metadata.aspx

riid Retdd dedbd S,
KARNATAKA GEOGRAPHIC INFORMATION SYSTEM

Wetadata

13

Admin Boundary

Gommerce and |ndustries

Emergency Services

Forest, Enviranment and
Ecolagy

Infrasiruttute, Public
Works,Rural Development

TG |eqor feramr
Survey of India

AHVS

Ca-nperative Audit

Energy - Generation,
DEM and Contour

s
o
n Health and Alired

Transmissicn, Distribution

Home, Secarity and Allied

Land Information

45 a1 s Ressrng 202 5780

5 Totl Visiars .

Source - https:/fksrsac karnataka.gov.in/kgis/imetadata.aspx

STANDARDS

150-19120 Hatamnts

Source -

https://stategis_jharkhand. gov in/portal/sharing/rest/content/item s/276 9bef7f6024ef7a60abSeefal

857f8/info/metadata/metadata xml?format=default&output=htm|

Matadoa tnformation:
Lact upaata:

Soope of the data .

Hams ot the masnts o
Virsian of e matatata

0 10430 Cesgrapnic Itormatior - Hatadata - Impiamariatzn Sageinaaen

Resouree Ldentiicotion Lnformation:
Eitation

Duseripiivn ket

Keywonds: ki
Avstrae:
Purpose
tfare

Datset language:
et choractes set: L2

STANDARDS
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Visualisation of Earth Observation Data
and Archival System (VEDAS)

responsible for carrying out research
and applications of optical and
microwave remote sensing data in a
large number of disciplines including
Agriculture, Land use, Photogrammetry,
Forestry and Environment, Coastal &
Marine Resources, Hydrological
Studies, Climate Change Studies,
Urban & Infrastructure, Cryosphere,
Spatial Data Infrastructure,
Atmospheric and Qcean Sciences,
Early Warning and Disaster
Management Support, Planetary
Sciences etc. These are also aimed at
meeting the requirements of various
user ministries of the country. The
advancements in EO systems and data
products will strengthen natural
resources inventory and management,
information on the state of the
environment, research on climate
change and support for mitigation of
natural disasters. The end-product from
the EQ applications will help towards
establishment and operationalization of
spatial infrastructure and information
dissemination system.

Space Applications Centre (SAC) is %

B Official website o

Visualisaion X+

C @ vedassacgovin,

About Us Applications Atlas sDis

Visualisation of Earth Observation Data and Archival System
Space Applications Centre, ISRO

LA |eqor feramr
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Downloads Site Contact SIH
Map us 2023

Satellite Data Visualisation (NRT)
Vegetation and Crop Monitoring
Desertification and Land Degradation

New and Renewable Energy

Air Quality Monitoring

= .. . —a SNOW and Glaciers
Urban Spraw! Information System
Hydrological Science & Applications

Wetiands
Announcements

Krishi-DSS: Geospatial Drot

Coastal Environment
Polar Science -
3D City Model and Rooftop | Forest Biomass
Smart India Hackathon 202: LAMA
AVIRIS
Mobile based Data Collection
High resolutic Special Products

- Planetary Science

Deseriification and Land Degra

of India (1:10K) (New)

Mar Calculator (Beta-version) (New)

ng Resourcesat-2/2A LISS-IV data

REST API of VEDAS Layers for Metadata

MEATADATA SAMPLE FOR RASTER DATA

etaData Search

fsi_fam_2005
Data identification Information

: _fom_2005
NAME_OF_DATASET:

NAME_OF_DATA: Forest Cover 2005

THEME: Forest

KEYWORDS: FCM 2005, FS1. 150K, SFR 2005
ACCESS_CONSTRAINTS: Mot Accessible
USE_CONSTRAINTS: Not Accessible

PURPOSE_OF_CREATING_DATA:
DATA_TYPE: RASTER
AGENCY_ID:

70
AGENCY_NAME: Forest Survey of india

D4:
DATA_PREPARED_BY:
ORIGINAL_SOURCE:

si_fom_2005
Farest Survey of india
Forest Survey of India

SOURCE_SCALE_DATE: 150K
MAPPING_YEAR: 2005.0
DIGITIZING_YEAR: NA

SURVEY_YEAR: 2004.0

LINEAGE: NA
ASSOCIATED_PROJECT_DATA: NA
ASSOCIATED_PUBLICATIONS: State Forest RepotiSFR)

PERSON_EMAIL:
PERSON_AFFILIATION:
CORPORATE_NAME:
CORPORATE_ADDRESS:

mukundsifs@gmai. com
Govermmen of Ingia
Forest Survey of India

a?m.A‘ Vedas

Forest Cover Density Map(150K) 2005

Forest Cover Estimation and Moritoring

Joint Director (NFDMC). Forest Survay of india, PO- IPE. Ksulagarh Road, Detradun

Contact Information

NAME_OF_DATASET:
NAME_OF_DATA:

THEME:

KEYWORDS:
ACCESS_CONSTRAINTS:
USE_CONSTRAINTS:
PURPOSE_OF_CREATING_DATA:
DATA_TYPE:

AGENCY_ID:

AGENCY_NAME:

D1:
DATA_PREPARED_BY:

ORIGINAL_SOURCE:

SOURCE_SCALE DATE:
MAPPING_YEAR:
DIGITIZING_YEAR:
SURVEY_YEAR:

LINEAGE:
ASSOCIATED_PROJECT DATA:
ASSOCIATED_PUBLICATIONS:
PERSON_EMAIL:
PERSON_AFFILIATION:
CORPORATE_NAME:
CORPORATE_ADDRESS:
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MEATADATA SAMPLE FOR VECTOR DATA

Data Identification Information

ANDHRAPRADESH_DSM5000SRT2004
ANDHRAPRADESH
ANDHRAPRADESH_DSM5000SRT2004
Desertification

DESERTIFICATION STATUS MAPPING
Unsestricted

Unrestricted

Deseriification Study Project carried out by FLPG/RESIPA, SAC
Vector Data

15.0

Space Applications Cenire Ahmedabad

ANDHRAPRADESH_DSM500DSRT2004
Space Applications Cantre Ahmedabad

gives information about type of degradation, along with severity level, affeciing different fypes of
ianduses

1:500,000

2004

2004

2004

Not Available

Not Applicable

Not Avatlable

Not Available

Nt Available

SAC, Anmedabad

Not Available
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C O & vedassacgovin/vstaticivegetation_ monitoring/indesx.html

A fully automated = _—
procedure is now -
established for
downloading, veils
processing and
publishing of
Sentinel1-A&B SAR
data on VEDAS
{https://vedas.sac.g
ov.in). User can
perform web-
based visualisation
and analysis at
very high speed.

E—

RktanA

FRAD M

% r e e Sy
ioisin :

ten

Enable swipe mode

Visuacation

by
—y
m V Theme GEXETTE Dat: EIITTRNTERD Snow Datalayer @) vear svar vear protie @) Deto QO 0O v aE e
edas s s
‘ Loyers

B o X @ v ot IR - 8 x

A fully automatic = AR R L O s

application on VEDAS
for Flood monitoring
of Assam using
Sentinel-1 data. It has
capability for changing
thresholds by the user

& &
vy = 2
Sy
e (IS 0+ CIITIETIIRD srov Dasaje @D vew ove vesr proie @) Oote CEIETID € € CIED o (ERITIIITD
dcR1/ \Vedas e
outace s+ ] < Chagse Fiie | Ne fie chusen [usioac |
e — - = e e —
Reterance Daia ) Oaa

g Layers ‘L"\:.snahzamr\ Analyss
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aﬂm.)“ Vedas

Vegetation Monitoring on
VEDAS provides
information of NDVI and

crop growing environment. ; @D oy
It facilitates user defined
visualization and analys]s Theme (ETETTIITEUMTED  Oats (UIESNIESTELEYICTTNSNGD  Show Deta Layer @) Year over Year Prafie: @)
oate (EETED € €@
@mmm Gzc Nationsl Remote Sensing Cantre g

Home NRSC Applicatit Bhuvan Collaborators  Search Store  Contact U

Bhuvan
Indian Geo Platform of ISRO

Visualisation | 0GC Complaint Thematic, Disaster, Weather, Ocean Services | Asset Mapping and Inventory Creations
Planning and Development | Decision Making | Resources Management | Location Based Services

59 oh

Visualisation & Free Download

Coliaborative apstications - Platform 1o share your data and ereate governance applications

0 Bhuvan 20 ] Bhuvan 30 r Bhuvan Lite - Open Data Archive
f So

WA

Climate & Environment Bhoonidhi VISTA

Application Sectors

Coliabesative apglications

< >
E- Governance Tourism Urban Rural
View the & governance Vi the touism apphcations View the urban applcations View the
‘pplicstions and its rescarces and its resaurees and s resources pplications and i

Maps & OGC Services

Coliaberative apalications - Platform Lo share your daa and create gavermance applications
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Metadata:
Metadata option gives i i26d Tt is based on NSDI 20 standard
Seareh || Stabistics || Analye]] Metadats || Web servcet |
Metadata of the State: ANDHRA PRADESH
L. Data entc s iormation
1 Hame aftheOatasst
™
Bhuvan
Source - hitps:. pp1l.nrsc.gov.i ic/thematic. htm
® °
s ®
® . . .
. Space Applications
=
- |
= ® entre
7

Meteorological & Oceanographic

Satellite Data Archival Centre

Meteorological and Cceanographic Satellite Data Archival Centre
(MOSDAC) is a Data Centre of Space Applications Centre (SAC) and
has facility for satellite data reception, processing, analysis and
dissemination. MOSDAC is operationally supplying earth observation
& data from Indian meteorology and oceanography satellites, to cater to
— — national and international research requirements.

Open Data

L4 ISRC
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Geospatial Standards
for a Federated India

Current Progress, Challenges & Road Ahead

National Geospatial Policy 2022 :
The Transformative Framework

Strategic Policy Shift

The NGP provides a clear, comprehensive policy and legal
framework designed to unlock the econemic and social
value of geospatial information.

Dcata Democratization

It mandates open access and sharing of high-value geospatial
data to faster innovation and competition across all sectors.

Standdards as Infrastructure

Standards are positioned as the essential backbone, ensuring
national interoperability, efficient data exchange, and reliable
public service delivery.
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NGP's Vision & Milestone Goadls

2025: Enabling Framework 2035: Globadal Leddership

Establishment of the legal and policy framewaork, Redefinition of

Naticnal Digital Twin for major cities, mapping of sub-surface
national geodetic framework & development of Geiod model ;

infrastructure in major cities and Bathymetric Geospatial Data of inland

foundatienal data access protocols. waters

3

2030: Advanced Integration

Full democratization of high-value geospatial data, Ortho rectified
images & Digital Elevation Model (DEM), Develope a Geospatial
Knowledge Infrastructure (GKI).

The policy stresses adopting open, internationally harmonized standards to ensure seamless cross-sector and pan-
India interoperability, moving beyond siloed data.

Source : NGP 2022

Why Standarcds Matter ?

Gecspcatial Data is Now Mission - Critical

- B . iih g . land ECONOMIC GROWTH: Results in
'owers governance, infrastructure planning, disaster management, lan greater productivity, efficiency and
administration, logistics and citizen services new markets acro ectors, driving
. broader econon 5
Underpins national programs: SVAMITVA, NAKSHA, AMRUT etc ¢

INNOVATION: Fuels the creation of
new solutions, business models and
ications enabled by shared,

sible data

Without Standards > Mcassive Efficiency Loss

40-50% of efforts is wasted on cleaning, reconciling, converting and
reformatting data.

ntegratlonc allenges

. organizations to seamlessly
- collaborate and share geospatial
Standards Enable a Connected Indic i

Searnless interoperability across ministries, states and sectors

. N STANDARDS: Provide
- Reusable, analysis-ready datasets #2 common agreements on data
f schemas and
ols needed for reliable
nge =

Faster, consistent decision-making

The Big Shift: From Portals 2 Ecosystems

- Old Model: Stand-alone SDI portals, static downloads, siloed datasets.
New Model: Federated data ecosystem with open APIs, shared semantics,
national registers, cloud-native worlkfows

Impact Pathway: From Standards to Economic Growth
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Standards in Action: Benefits Across Sectors

Urban Planning

Data-driven infrastructure planning reduces
project delays and mitigates land use
conflicts.

Logistics

Optimized routing, improved addressing,
and better supply chain managernent due

to precise location data.

Key Gaps: Standards Exit, Adoption Lags

Stakeholder insights (Government, Industry & Academia)

Standards exist as decuments, not an operational
framework

Lack of foundational information model leads to
divergent schema

No national registers for parcels, buildings,
addresses and other fundamental data themes.

States & ministries follow different vocabularies
and classifications

Standards are voluntary = implementation is
inconsistent
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Disaster Management

Accurate, interoperable data facilitates
faster emergency response and effective

risk mitigation strategies.

Agriculture

Enables precision farming, crop
monitoring, and resource optimization

based on standardized spatial data.

Environment

Supports effective conservation efforts,
monitoring of environmental change, and

sustainable resource management.



Key Structural Challenges

Fragmented semantics > datasets cannot be
merged easily

Progrom - driven schema development instead of
national alignment

Duplicate data creation across agencies.

Limited institutional capability for transforming
legacy data, validation and medel governance,

Governance Mechanism for National
Geospatial Data Standard

GDPDC - National Manclate

Apex body for implementation of NGP 2022

Mandated to: Develop, promulgate and periodically review standards, Cover national
and sectoral data themes

GDPDC has directed nodal ministries to create Thematic Working Group (TWG)
Ensure adoption by partnering and nodal agencies.

BIS & LITD 22 Standard Development Mechanism

BIS is the National Standard Body and represent India in ISO & IEC.

LITD 22 (Geospatial Information Sectional Committee): National Mirror Committee of
ISO/TC 211- Geographical Information /Geomatics.

Responsible for formulation of Indian Geaspatial Standard aligned with global norms;
Enable Indian participation in international standardization
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Survey of India’s Initiatives:
Policy to Practice
The Survey of India (Sol) plays a central, guiding role in translating the
NGP's vision into technical reality. focusing on foundational datasets and
core infrastructure.

Theme Based Standadrd Development

Sol led TWG covers: Geodetic Reference, Elevation, Orthoimagery, Elevation, Boundaries,

Teponymy and Data base Harmonization..

Houses a dedicated Standard Wing

Responsible for developing foundational theme standard under BIS. Assist GDPDC in
framing the standard.

Coordinate with ministries, state and data producing agencies.

Promote awareness, harmonization and adoption across stakehalder.

India’s Current Landscape &
Priority Standards Work Underway

24+ ISC/OGC - aligned BIS standards published
(metadcta, schemas, exchange, CRS, APIs)

Thematic standards by LITD22 and line ministries

Thematic standards for fundomental themes, land,
water, soil, geomorphology, geclogy

Metadata modernization (IS 16439 revisions)
Exchange formcits (IS 16554, OGC API Features)

Alignment attempts with LADM, City GML,
COG/STAC, DGGS.
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Interncational Lessons

Insights from International Webinar on Standards Implementation

Start with Clear National Priorities : Global experts emphasized that standards succeed when tied to specific national
missions—not abstract SDI goals. India must link standards to prime national programs like Gati Shakti, SVAMITVA, AMRUT, etc.

Build a Foundcitional Informaticn Model First: Countries like the Netherlands showed that a core semantic model + sector
extensions is essential for consistency across ministries and states. Without shared semantics, interoperability is impossible.

Establish Authoritative Registers: International practice highlights the need for trusted registers (parcels, buildings, roads,
addresses, admin boundaries) to prevent duplication and conflict.

Move from Portals to API-Driven Ecosystems: Experts siressed a shift from “publishing layers” to OGC AP|-based, cloud-
native, real-time data exchange that supports analytics, Al, and Digital Twins.

Create Light-Touch Adoption Mechanisms: Models such as “Comply or Explain”, used in Europe, encourage adoption
without heavy regulation—ensuring flexibility while maintaining alignment.

Invest in Implementation Toocls, Not Just Standards: Validation tools, ETL workflows, sample datasets, and reference
implementations were identified as critical enablers for adoption across agencies.

Build Long-Term Capcacity & Institutional Memory: International agencies stressed continuous training, certification, and
multi-agency capacity programs—not one-time workshops—to sustain standards compliance.

|

Six Priority Action Areas for India

1. Open & Accessible Infrastructure Standardized metadata, open formats, and interoperable platforms across central
& state agencies.

2. Palicy-Led Standards Adoption Tiered standards framework; compliance matrix

3. Capacity & Awareness Programs National upskilling for ministries, states, academia & industry on standards
implementation.

4. Innovation & Digital Transformation | APl gateways, semantic standards, cloud-ready datasets, Al/ML-friendly
frameworks.

5. Legal & Policy Harmonization Alignment of sectoral regulations, data-sharing rules, privacy/licensing norms.

6. Transparent Monitoring & Feedback | Dashboards, audits, and structured reporting aligned with GDPDC mandates.
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Let's Co-Create
India’s Geospatial
Standards Future

Standardization is the key to unlocking the full economic

and societal potential of India's geospatial wealth.

188



(R el weor v
&% Survey of India

PS L J
A I\E—- REAL TIME
’-\j\ ." GOVERNANCE
-

©REAL TIME GOVERNANCE SOCIETY 2019, All Rights
Reserved.

RTGS - Approach

Y Q

One &
Government One Citizen
One”State One Map
One Data One

Governance
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Data Integration and Governance Hub

Q Al and Deep Tech Innovation Hub

RTGS uo Product Development Hub
HUBs

@ Multi Source Visual Intelligence Hub
° People Perception Hub

S AWARE Hub

== u

Data Integration and Governance Hub

Objective: The Government of Andhra Pradesh aims to establish a Single Source of Truth {SSOT) by integrating
data from:
1. 40 departments
2. 92 Heads of Departments (HoDs)
3. 614 autonomous organizations
Facilitating Body: The integration is facilitated through the Data Integration, Analytics & Governance Hub within
the Real Time Governance Society (RTGS).
Data Consolidation:
1. Data from various sources is consolidated into a central Data Lake.
2. This Data Lake serves as a unified repository, helping to reduce redundancies.
Benefits:
1. Promotes coordinated actions across departments.
2. Provides a centralized platform for structured and unstructured data.
. Advanced Analytics:
1. Analytics applied on the centralized Data Lake offer valuable insights.
2. Helps optimize allocation, track performance metrics, and supports evidence-based policymaking.
Data Governance:
1. Ensures data integrity, security, and compliance.
2. Promotes transparency and supports a data-driven governance model in Andhra Pradesh.
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Ongoing projects under various Hubs
S e N 5 < N

i Data Integration Hub

2 Al and Deep Tech Innovation Hub

3 Product Development Hub

4 Multi Source Visual Intelligence Hub

5 People Perception Hub

1.Data Lake
2.RTGS Lens

1.Traffic Analytics

2.People’s emotion Capturing

3.PGRS through Image/Voice processing
4.NCD(Non-Communicable Diseases) Tracking
1.APCRS portal

2.APPMG

1.CCTV Footage

2.Image Analytics - Drone

3.Satellite Data

4.10T Devices

5.Access to School - Improvement

Monitoring 21 KPls for

Data Lens (powered by Data Lake)

RTGS LENS \{r(‘;:%“”fua
Gouernment of Andhra Pradesh =y i
e Search Q1 Logout
@ Mo of Services:4 @
Agriculture & Co-operation Animal Husbandry, Dairy Consumer Affair and Food Enery
Department Development and Fisheries Civil Supplies v

Envirenment, Forests, Science
& Technology

Download PPT

Finance

Download PPT

Na of Senvices:Z3

Q

Health, Medical & Family
Welfare

Download PPT

o

Higher Education
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General Administration
@

Grama Volunteers f Ward
Volunteers and Grama
Secretariats / Ward
Secretariats

Download PPT

No of Servieas: 1

Download PPT
@

Housing

Home

Downlead PPT



AP Paddy Procurement

No. of Commadities No. of Farmers Beneitod Total Requests

23,07,780

Current Price Quantity Procured (MTs ) Inprogress Requests

10,56,802 —

80,680

Previous Price Procurement Value (Cr) Closed Requests

5,57,076

Deepam-2.0

ppiss.

22,27,000

Public Distribution Syster

Cuvil Supplies

Abnommal Increass in Price Subsidy Released o No. of Beneficiaries

9 22,97,467

Total Cards
148,03,221

1,33,73,869

Total FP Shops.
29,798
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APSeva-CIVIl Supplies APSEva-Legal Metrology

Total Requests
16

Inprogress Requests
0

m (PDS)

Ration Avalled Cards

Data Lens (PDS/Civil Supplies

Distics Mandal Secrctarat
Al & harama Rau v naihagalh v CHINIARLLL
conmay Mt
Al v Al v
Shaps Carisiansticaras il
53 0.002Cr 0.007 Cr Chitloot

Aot [

2,36,273.29 2,12,638.38
FP Shops

- Commey

Al Sitrama » Al v

2075 [T
Menthly Distribution
Distict: P i
Al Sivarama v Al v

PP Shop Horne:

5 v | enirins per page

[ e ———

District Name

Chitoor

Commay

v v
Allotment  Distribution  Percantage

LT 87395 e

Typ of Cards.

Al StharamaRay v
Mook Cards Mo of s

2amm e
i s

e

5 w| enteen per paa »
state Beneficiaries
s
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From Insight to Impact

All this is great! You are turning data
which sits in departmental silos into
Information at a central platform.

Can this information be turned into
Actionable Intelligence?

SDG 4.1 Education

“Walk to School” Analysis of 31,165 Rural Households

New Education Policy 2020
1 Km for Primary School
3 Km for Secondary School

Road Access to Class 5 Access to Class 8
Distance (1 Km) (3 Km)

<1 Km 25,810 82.9% 15,458 49.7%
1-2 Km 4,739 15.2% 8,284 26.6%
2-3 Km 329 1.1% 4,879 15.7%
3-4 Km 79 0.3% 1,673 5.4%
4-5 Km 1 0.0% 419 1.3%
> 5Km 177 0.6% 296 1.3%

Source; PS5 Data and UDISE
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SDG 4.1 Education

“Walk to School” Methodology

dentify &

Identify from:
H

Location: I 78.391730 12,724441 Deamal Degrees

Distance from

Field value 695188783241 7019201 6162936
Home to School HHID  69518979342417092016162936
= Sch_Code 28236604001
is 1,781 Meters- Rden 16

\ HH2Road 133
TDistzC01 1781

bucket 1-2Km

»
2 Sources: Esn, HERE. Garmin, Intefimap. incrementy mus( FAQ, NI .
UDISE 28236604001 > NRCAN, GeoBase, |GN, Kadaster NL, Drun:nce,.f\,rv , Esn Jaban, METI, ‘SIC"Iﬂa(HWW
T Kong), & Opensireetisap contributdys, and the €S User Communty
[ Primary School @ Ccitizen Home Walking route to School

Actionable Intelligence

E The issue:
AL Tribals have the right to live inside forests

L under the RoFR act.
N\ The Problem:
: School Education Dept can not get
) 4 permission to set up School in a forest area.
s The solution:

o0
/ o E’"‘ e Provide bus service and/or Hostels
-
&

O Primary School @ Household > 8 Km
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MMR — Maternal Mortality Ratio
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High MMR? What is Health Dept doing?

v oz Jx CHL Gooty
n D E F 1 o] S T ) v
As per ABDM As per HMIS As per RCH
Health Facility Name (Hospital Hospital Facili ” Facility Name as | Facility Name as
L[e] y {azp F g ty Facility Name ININ il i RCH ID
Name) Facility id Type per RCH 2.0 per RCH 1.0
1 AREA HOSPITAL NARSIPATNAM IN2810000093 SDH AH Narsipatnam i 1111577183 Area Hospital Narsipatnam | AH Narsipatnam 3679
2 AREA HOSPITAL TADIPATRI IN2810000492 SDH AH Tadipatri 1111638621 AH Tadipatri CHC-Tadipatri 3466
3 |Area lospital Ravadurg IN2810000634 sDH AH Rayadurg 6456567871 Al Rayadurg CHE Rayadurg 3464
1 |AREAHOSPITAL DHARMAVARAM 1N2810000472 5DH All Dharmavaram 1111643639 Al Dharmavaram 3480
5 |COMMUNITY HEALTH CENTER GOOTY IN2810007436 UCHC-FRU | CHC Gooty 1111641682 CHC Gooty |AH-Gooty 3479
5 |COMMUNITY HEALTH CENTER PENUKONDA IN2810007701 FRU CHC CHC Penukonda 1111644322 CHC Penukonda CHC-Penukonda 3469
7 |CHCURAVAKONDA IN2810000649 FRU CHC CHC Uravakunda 111165764/ CHC Uravakonda CHC-Uravakonda 3468
3 |COMMUNITY HEALTH CENTRE KALYANDURG INZ810007990 UCHCFRU  CHCKalyandurg 1111644140 CHC Kalyandurg CHC- Kalyandurg 3476
¥ CHC CHENNEKOTTAPALLI IN2810001227 UCHC FRU CHC CK. Palli i 1111634455 (CHC CHENNEKOTHAPALLI | CK Pally 3481
Unif it d Standard
n v E Fi3 Survey Nor
A B c ) £ F G b J
Revenue Revenue Revenue
DistrictLg District MandallgdCo  Mandal Vilage  Village
dCode  Code  DistictName  de Code  MandalName LgdCode Code  VillageCode |SurveyMo|Extent
2 505 4 &) Forsd 4958 185 s 588268 401006 &5 301 0.73
3 505 4 88 R0 4958 1 o 588268 401008 3o 213 7.55
4 505 4 8 a0 4958 1 S50 588268 401006 T a0y 579 534
5 505 4 B FEerssd 4958 1959 588268 401006 & anith 170 4.34
6 505 4 &) Forso 4958 1 535 388268 401006 075025 17 2.26
7 505 4 & oo 4958 185 588268 401006 S5 202 107 514
8 505 4 &5 Fordh 4958 1 Er e 588268 401006 C¥'alnh 66 18
B D E F
.
Farmer owns land CR:; District Name Mandal Name ~ RSK Name
* Farmer gets seeds and fertilizers from Agri Dept - . & 2 X
s 5 V/9/120  Alluri Seetharama Raju  Chintapalli Chowdupalli-ii
* Farmer get water from irrigation department V/9/001  Alluri Seetharama Raju  Chintapalli Kommangi
. V/9/123  Alluri Seetharama Raju  Chintapalii Kothapalem-i
* Farmer gets CI'Op Insurance from SLBC? V/9/124  Alluri Seetharama Raju  Chintapalii Kothapalem-ii
* Farmer Il RSK iVil li D 5 V/9/049  Alluri Seetharama Raju  Chintapalii Kudumsari
g ersells to RS 4 C Supp e ePt V/9/126  Alluri Seetharama Raju apalli Lammasingi
V/9/002  Alluri Seetharama R apall Lothugedda
W/9/212  |Alluri Seetharama R: Chintapalli Pedabarada
W9/127  Alluri Seetharama Raju  Chintapalli Tajangi-i
H H H 2 V/9/213  Alluri Seetharama Raju  Chintapalli Tajangi-ii
If nOth I ng IS conneCtEd-’ how are we man aglng ¥ V/9/128  Alluri Seetharama Raju  Chintapali Thammangula
V/9/129  Alluri Seetharama Raju  Chintapalli ‘Yerrabommalu
V/4/010  Alluri Seetharama Raju  G.maddugula Bheeram
V/AIDAZ. Alluri Raiu_G G 2
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Why is Integration a Challenge?

Departments Work Well Independently:

Integration Changes Everything

* Department-specific systems are optimized locally.

* Resistance to sharing data

* Challenges emerge when multiple systems intersect across

sectors, scales, and mandates.

* As integrations scale, el ll2(18% concentrates around

identifiersimetadatafEliLlspatialfCEEEY

The Process

R AT wdegor frm

Survey of India

3. To facilitate seamless data integration, it is essential that all departments
furnish accurate and updated GIS layers and latitude-longitude database related
to departmental assets, infrastructure and service delivery points any other
relevant Geo-spatial datasets maintained by the department.

4. Accordingly, your department is requested to submit the following:

* GIS Layers / Geo-Spatial Data in Shape file / KML / GeoJSON format
/DB link.

s Location-wise Latitude-Longitude in Database /Excel

= Metadata Details, including coordinate system, creation date, update
frequency, data custodian, and departmental contact point.

5. The above information will be used for official purposes through RTGS
platforms such as departmental dashboards and the Multi-Source Visual
Intelligence Hub GIS Dashboard. You are requested to furnish the GIS datasets in
soft copy to the Director - Multi Source Visual Intelligence, RTGS Dr. N, Bhaskara
Rao, 1% Block, A.P. Secretariat, Email id: dir-msvi-rtgs@ap.gov.in.

6. Please ensure that the datasets are submitted as early as possible to
enable the timely completion of the ongoing integration process.

K. VIJAYANAND
CHIEF SECRETARY TO GOVERNMENT
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Final Takeaways

. Without harmonized standards, integrations become one-off solution;
With Standards, integration becomes scalable and replicable.

. 1SO and non-1SO frameworks together enable interoperability while
respecting national and sector-specific systems

. A state-level pilot can help operationalize national geospatial standards in
real governance conditions.

. AP offers a live, operational environment to test and refine
standards-based geospatial governance.
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@i MINISTRY OF

ELECTRONICS & B B E 48 National
#i5%% INFORMATION TECHNOLOGY S==EE Informatics
e et GOVERNMENT OF INDIA E=E= Centre
Enabling a Technology Advanced, Spatially Intelligent India
Abhishek Singh

Additional Secretary, MeitY, Gol
Director General, National Informatics Centre HQ

da@nic.in

Artificial Intelligence | The Evolution

Recent advances in Al have significantly catapulted its capabilities to catalyze large scale socio-
economic transformation

Non-Linear Advancements

GENERATED Artificial
Machine Deep Generative Agentic General
Learning Learning - Al Al

Intelligence
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Why Al Matters for India

% Artificial Intelligence (Al) and automation to create 47 Lakh new tech jobs

|£ Al is expected to add $967 Bn to the Indian economy by 2035

8| Al is critical for enabling data-driven decision-making for more effective public service

R delivery

@ Al can boost innovation and productivity in India — India has Eight Al unicorns

ool N1

Source -IndiaA| 2023: Expert Group Report ~ First Edition; NASSCOM Al ADOPTION INDEX 2022

India’s Al Strengths

India is uniquely positioned to drive the next generation of Al
Innovation

.

2

SBRHBRY: B o
W GRS
2NEOBAESON ReloREN S A AU
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Challenges in Deployment & Adoption of Al

b

Need to develop indigenous foundational models built on Indian languages and
contextualized to our socio-economic realities

1

Need to streamline access to quality, diverse datasets

Need to ramp-up access to modern, hyper-scale Al Compute Infrastructure to
meet the evolving demands of Al applications

Develop guardrails and governance frameworks for Al that meet India’s unique
requirements as a developing Country

Cl

IndiaAl Mission: Key updates

IndiaAl Mission

‘__—
O \OLO0,0,0,0) 0|

IndiaAl IndiaAl IndiaAl IndiaAl IndiaAl Safe & IndiaAl
Compute Foundation Kosh Applications FutureSkills Trusted Al Startup
Capacity Models Datasets Development Financing

Platform Initiative

30 solutions P
being projects
38,231 GPUs 506 Platform live developed 220+ UG & selected and

icati i PG and PhD under 10 Startups
through 14 aPpI:c{atlons with 14C Cyberguard fellowships implementation sglected fqr
service received and IndiaAl-GSI s S

providers cElllts Hackathon IndiaAl Safety F accelerator
12 Models datasets closed 31 Data & Al Institute & Al program in Paris
Average price selected 250+ Labs Governance
~Rs 65 models SEUTIGTS launched Guidelines 58 State CoEs

Challenges in the
domain of Cancer, NCVET LA approved
Face approved
authentication, Foundation
Document Courses in Al
Procession

per hour gotes
Cases India-Al Impact
. ndia-Al Impac
25 Toolkits Summit in Feb

2026
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1. PAPER MAPS
(Manual & Static)

Limited Data,
Manual Analysis,

Historic Snapshots.

2. DIGITAL GIS
(Layered & Analytical)

Data Integration,
Spatial Analysis,
Layered Information.

3. SHIFT DRIVERS
(The Catalyst)

®

Explosion of Earth |

observation and
sensor data

Advances in Al,
cloud, and compute
economics

Demand for
real-time,
evidence-based
governance.

4. AI-DRIVEN SPATIAL
INTELLIGENCE
DASHBOARD
(Predictive & Real-Time)

Automated Insights,
Real-Time Decision
Support, Future
Forecasting.

( LAYERED ARCHITECTURE: TECHNOLOGY PILLARS POWERING GEOSPATIAL TRANSFORMATION \

TR FA&T0T foremT
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5. UNDERPINNING
NATIONAL PRIORITIES

(Critical Impact)

Climate resilience
and environmental
governance

=& Smart cities and

infrastructure
planning

. & Disaster
" preparedness and

response

Land administration
and national
security.

(Data = Al - Cloud/Edge - Applications)
( 4. GEOSPATIAL APPLICATIONS & INSIGHTS i
SMART .J.stﬂ REAL-TIME MOBILITY 5 ENVIRONMENTAL
INFRASTRUCTURE & . & TRAFFIC MONITORING &
UTILITY MANAGEMENT OPTIMIZATION il DISASTER RESPONSE
\_ PN Actionable intelligence for decision-making. {_ R )
4 - 3. CLOUD & EDGE COMPUTING INFRASTRUCTURE = A
CLOUD-NATIVE & S 4B e anawmics el 5
SERVERLESS ARCHITECTURES = (Autonomous platforms P LOW-LATENCY
(National-scale processing) * @ & sensor networks) o PROCESSING
\_ A Scalable and responsive computational power. A )
- — . ~
2. Al & GEOAI PROCESSING LAYER
AUTOMATED FEATURE CHANGE DETECTION & '\ GEO-SPATIAL
EXTRACTION & VALIDATED FOUNDATIONAL
CLASSIFICATION GEOSPATIAL LAYERS .; =g MODELS (Geo-FM)

\_ \ Rapid generation of intelligent insights. ﬁ )
- ﬁl_lﬁ l‘_lﬁ 4
1. DATA SOURCES & REAL-TIME STREAMS

SATELLITE & '°Tf‘ SENSOR NET“[',ORKS SOCIO-ECONOMIC &
UAV IMAGERY (Infrastructure, Mobility, ~A  EXTERNAL DATA
Environmental) o .||1l
Q& Continuous monitoring & data collection. J)
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T —
| EXPar 'CEDCAP_ABILITlES DATA LAYERS

‘ 3D/ 4p MAPPING & DIGITAL TwiNg

UAVs & REALITY CAPTURE

High-frequency

A New Foundation: Al Pre-Trained on the Earth

Geospatial Foundation Models are large-scale Al systems trained not on internet text, but on petabytes of
Earth Observation data: satellite imagery, climate indicators, land cover maps, and population grids.

/7 C{'\:\y
=
ﬁ 1:’/1?{)

Ry A=

Satellite Imagery  Climate Data

Q) siste f\_ QE:}

% s
Geospatial
&!ﬁ Foundation Model
Land Cover Population ';;;':f;’,‘:é:g:
Crids

Analogy: Instead of teaching the Al to predict the next word in a sentence, we teach it to fill in
missing satellite pixels under clouds, identify land use patterns, or forecast air quality.
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From Raw Pixels to Rich Insights:
Core GFM Capabilities

Planetary-Scale Analysis @ Multimodal Fusion

Efficiently process petabytes of E - Combine imagery, text, radar, climate
Earth Observation data to uncover simulations, and tabular health
patterns at a global scale. records for a holistic view.

Conversational Interaction

Use natural language to query visual
data. Examples: "Segment the homes
with weather damage,” "Highlight
employees not wearing a hard hat,” or
“Show me residential buildings with
solar panels.”

Semantic Understanding

Generate ‘embeddings'—compact
digital representations that
capture the meaningful essence of
a location.

An Ecosystem of Planetary Intelligence is Emerging

Open & Collaborative Integrated Ecosystems
@ i==: (Qesa Google @8 Microsoft
Prithvi (NASA/IBM) AlphaEarth (Google)
TerraMind (IBM/ESA) Aurora (Microsoft)
e QOpen-source, available on platforms like * Tightly integrated with proprietary cloud
Hugging Face platforms
® Trained on public data (e.g., NASA HLS, Sentinel) ® Leverages vast and diverse internal datasets
e Co-developed with the global scientific e Focused on delivering accessible, scalable
community services
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The Next Frontier: From Analysis to Agentic Reasoning

Introducing Geospatial Reasoning or Agentic GIS. This is the next level of capability. It is not about running a single model for a
single task. It is about a master Al agent (like Gemini) that can: 1. Understand a complex, high-level question. 2. Plan a multi-step
analysis. 3. Call upon a suite of specialised GFMs and data sources. 4. Synthesise the results into a coherent, actionable answer.

prioritise hurricane relief?”

‘ CJ@ User Query: “Where should we

Orchestrator Agent

Remote | Ay, WeatherNext ! @ Population Proprietary
W® sensing FM | @ FM ‘ @®"® Data Data
1 | ]

Synthesised
Insight

SYSTEMIC CHALLENGES TO SCALE AND SUSTAINABILITY

SCALABLE SOLUTIONS
(" N\ R d N N
0
@@J &Y &
DATA MANAGEMENT GOVERNANCE & ETHICS & SKILLS & WORKFORCE
&INTEGRATION ) INTEROPERABILITY ) RESPONSIBLEUSE )  DEVELOPMENT
* Managing « Ensuring interoperability « Addressing privacy, « Continuous workforce
heterogeneous, across departments ethics, and responsible upskilling in Al, cloud,
petabyte-scale and jurisdictions. use of location and advanced analytics.
datasets. intelligence.
\. J A\ A\ v

SUSTAINABLE
FUTURE
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NIC’s Role in India’s Geospatial Ecosystem
Driving National Geospatial Transformation through Foundational Platforms

{3" Bharat Maps

* Foundational national basemaps
and multi-layer GIS datasets

* APIs enabling integration across
governance applications

Indicators of National Impact:

@ Nationwide base coverage

@ Thousands of standardized layers
@ High-volume API consumption

£% OneMaps

« Standardized, authoritative
geospatial layers

* Facilitates geospatial data usage by
local authorities and municipal
bodies for urban planning

Indicators of National Impact:

@ Adopted by numerous local
authorities and municipal councils
for urban transformation

@ Enhanced decision-making in urban

across central and state systems
b p.

. planning and development

NIC’s Role in India’s Geospatial Ecosystem
Driving National Geospatial Transformation through Foundational Platforms

‘= SVAMITVA

» Drone-based rural property
mapping

« Digital land parcel records for
governance and citizen services

Indicators of National Impact:
v" Coverage of lakhs of villages

v' Crores of property parcels
mapped and digitized

& PARIVESH

* GIS-enabled decision support
for environmental clearances

* Integrated spatial analysis for
faster approvals

Indicators of National Impact:

v" Tens of thousands of project
proposals processed

v" Significant reduction in
clearance timelines
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AI-DRIVEN GIS PROCESS FLOW: FROM DATA TO GOVERNANCE (NIC)

3. GOVERNANCE OUTCOMES
& CAPABILITY BUILDING
s A

2. Al PROCESSING &
1. RAW DATA INPUTS » AUTOMATION (NIC) »
(‘ .. 3 ( Automated )
LiDAR & Point s DTM/DSM #
\ Clouds Generation {2 t0AR S
& Satellite Imagery
gﬁ & Sensor Data
Hydrological & Al-Based
Environmental Hydrological ot
Data Feature ik
Extraction Rim'::g:;:z%l
J < 44

¥

Diverse, high-volume
datasets.

¥

Advanced algorithms & machine
learning for analysis.

-

Enhanced Governance
& Decision Support

Improved Drainage &
Flood Management

Proactive Risk
Mitigation

Better Flood Risk
Assessment & Planning

Institutional
Capacity Building
Centre of Excellence,

Standards, Innovation,
Integration

J

A4

Sustainable, informed, and
resilient administration.

THE ROAD AHEAD — BUILDING A NATIONAL SPATIAL INTELLIGENCE BACKBONE

NEAR-TERM MID-TERM LONG-TERM
(Foundation & Standards) (Al & Infrastructure Scale) (Integration & Ecosystem Growth)
h | A
& @ T 08 agn
& \ 4 g 0 wmiewm
Build interoperable, Invest in Al-first, Develop India-owned  Strengthen cross-sector National Spatial Continuous Innovation

open-standard
geospatial platforms

cloud-native, scalable
infrastructure

Geo-Spatial integration (Urban,
Foundational Models  Agriculture, Energy, Environment)

Open-Standard,
Interoperable

PLATFORMS

:=>

A\

INFRASTRUCTURE Sttt HidbPerfarmance 2. Nationa Data Backbone
India-Owned Geo-Spatial Advanced Predictive

MODELSEDATA  poigModels 3 FoundationalModels 3 &Real-Time Isights

INTEGRATION Cross-Sector Pilols —> M’:';ﬂdﬁ;cff"““‘““ > Holistic National Integration
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Intelligence Backbone
(Fully Integrated)

& Resilient Public
Service Delivery

—'y:
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. CLOSING PERSPECTIVE4/

\

THE FUTURE OF GEOSPATIAL: SYSTEMS THAT ARE...

— :
AUTOMATED

| INTELLIGENT IMMERSIVE REAL-TIME
Al-powered 3D Visualization | | | Streamlined \ Continuous data
predictive insights & Digital Twins | processes & updates e j flow & monitoring

Al

Artificial Intelligence
CLoup

Scalable Infrastructure

3D
Spatial Modeling T
loT o
Sensor Networks
DIGITAL TWINS | c
Virtual Representations

CRITICAL FOR GOVERNANCE AT SCALE
Data-driven decision making, sustainable
development, and efficient public service delivery.
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Technological Advancements
... ... in Geospatial Fiel

Integrating Everything, Everywhere

Agendra Kumar
Esri India

Geospatial Infrastructure

for National Sovereignty and Economic Growth

Building Strategic Autonomy Services

D Data
-' i Infrastructure

"Web GIS

Scalable
Secure
Reliable A Well-Architected Platform

210



LA |eqor feramr
Survey of India

GIS Is Being Enhanced with Al

Delivering Transformational Value

Mon

Predictive Analytics

Accelerating Geospatial Intelligence
. .. Helping GIS professionals do their work better

Imagery & Remote Sensing

A Comprehensive System New & Improved
+ GeoAl Models
- Imagery Analysis App

\Felidos Analysis

Ready-to-Use
Imagery

Image Analysis in Online
» Additional Sensor Support

GeoAl
Classification
Change Detection + Video and Oriented Imagery
Terrain Analysis « Hyperspectral, SAR, Hi-Res Optical
Raster Analytics

Reality Mapping

3D Mesh
Point Clouds

Visualization

M - Image Interpretation
Data - y Map & Ima
Oriented Imagery

Manageme , st

All Formats

STAC

Tiled & Dynamic Services
Open Standards

Massively Scalable
Muitidimensional

A fundamental part of ArcGIS
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Reality Mapping for GIS

Creates Accurate Representations

... Using Drone, Aerial & Satellite Imagery
7 Satellite — Beirut, Lebanon

ArcGIS Reality

e Aerial — Prague, Czech Republic
c F

e
éﬁ Satellte

1 Aerial
3:5 *

Supporting Local to National Scales

Modernizing photogrammetry . . .
.. Fueling 3D digital twins

3D GIS -

= s S 5 + 3D Feature Performance
Enabling Living Digital Twins b e

= Web Analytics

+ Volumetric Clouds
Analytics - 3D Tiles
» KML Tracks
= Elevation Data Quality Tools
+ XR Viewer (beta)

Coming Soon

« Gaussian Splats

Data Management - CiyGML

Many 3D Formats
(Mesh, BIM . .
3D Tiles, Terrains)
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Geospatial Data Management

Improving Capabilities & Workflows

Geodatabase

Prune Branch History
« Aftribute Rules Templates

Editing

- ArcGIS Web Editor
= Unified Metadata Editor (Pro & Web)

Data Integration

- New Formats

(NoSQL, GeoParquet . . .)

- Utility Network Migration - OCR COGO Entry

« Full-Text Search « Vertic ind Node Display
+ Longer Field Names ersioned Editing

- Offline Capabilities « 3D Features & Meshes

+ Industry Models (Parcels, Utilities . . ) - Feature Template Sharing

Real-Time

Integrating Sensors & Dynamic Data

Analysis
FlightAware Aircrafl Positions

/_\ Visualization \
R

Ingestion

Velocity

> GeoEvent Server
81% 1{3% 3% o

On-Time Transit Performance

213

- ArcGIS Data Pipelines
ery Layers (beta)
on

+ Data Engineering Tools

« Cloud Storage and Data Lakes

- Microsoft Power Platform

New & Improved

- Ready-to-Use Feeds

- Notifications & Automation
« Industry-Focused Solutions

Alerting

& Actuation Coiring

« Velocity for Enterprise

« More Partner Integrations
BEIE]
Management ,

)

Supporting operations &
improving decision making




Open Data - Indo ArcGIS Living Atlas

Over 800 layers of Ready-to-Use Indian Content and Al Models

X . 3D OpenStreeth:
+  Curated by Esri India penStreetiap

Elevation

* Over 6 - 8 million requests for Indian content every month

Authoritative

Land Cover gindiversity
Basemaps Havitats  Digipin

Transportation L-andscape
movement INfrastructure

Environment Hydro Traffic g o0
Climate Elevation soundaries

POI Demog raphlcs Imagery - Globally Over 10,000 Maps, Layers and Datasets
Oceans Hazards + Updated Continuously

Bhuvan Soils Weather + Globally Billions of Requests Daily

Boundaries Imagery

Global & Local Geographic Content . . .
About Everything
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HETHE A

SVAMITVA SCHEME

Survey of Villages and Mapping with Improvised Technology in Village Areas

Ministry of Panchayati Raj
Government of India

17 December 2025

Ministry of Panchayati Raj, Gol

ATETS

AbOUt Svam itva SCheme Panchayati Raj

SVAMITVA (FY 2020-26) aims to provide the ‘Record
of Rights’ to village household owners in rural
inhabited (abadi) areas and issuance of Property

ca rds SVAMITVA SCHEME
g « National: Ministry of Panchayati Raj el
. . Surveyof Veages Az and Magpog
« State/UT: Revenue Department/ Panchayati Raj
Department

« Technology Partner: Survey of India
@ * Covers all ruralinhabited areas.

« Use of CORS Network for ground control Points. Gram Manchitra: Gram Manchitra is a unified Geo

Spatial Platform meant for Rural Local Bodies. It is a
Spatial Planning Application that has tools for
facilitating and supporting Gram Panchayat users to
draw plans for the use of Geo-spatial Technology. The
1:500 scale SYAMITVA maps, in the coming four years,
shall also be used to enhance applications and
strengthen the State’s capacity to leverage them.

2 Ministry of Panchayati Raj, Gol
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Feature extraction process flow using Al/ML SXwrs

Panchayati Raj

Drone

image Training GPU
from SOI of model & CPU
o o ® @ &
Training of Model Feature
dataset from Trained Extracted
NIC GIS Data

Extracted features List
S.no | Spatial data layer | Layer type | Layer Description
1 Roof top Polygon Feature extraction type of roof as RCC,Tiled,others
2 Road Polygon Road based on width to be captured as polygon feature
3 Water Body Polygon All available water bodies extracted as polygon feature
4 Others Points Transformer, Electric pole, based on availability

3 Ministry of Panchayati Raj, Gol

¢ Al/ML-Based Solar Potential Assessment Using X

\ atYwrs
SVAMITVA Data Panchayati Raj

1. Select Roof Type o - - R vy
2. Selected Roof Type nghllghted o =2 : RSy A ke 71 ®
3. Select Panel Capacity a
d

d

! d

» q

' d

q

a

Solar Panel Based Visualization

Ministry of Panchayati Raj, Gol
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SVAMITVA I.Jaft.a-Driven Al/ML Visualization for Village eg-8.% e
Travel Feasibility Panchayati Raj

Select Source & Destination
Select vehicle Type

Vehicle Allowed in Green Color Roa
Live vehicle navigation

e

Village Travel Feasibility Analysis with various vehicles

8 Ministry of Panchayati Raj, Gol

\ A SYAMI_TVA Data-Driven,Al/ML-Enabled Property Tax  o=8%e
Visualization Panchayati Raj

1. Select Area-wise & Individual
Property Tax

2. Select roof area count

3. Live visualization of tool

o e Comuiens 1 Vittngen S ‘ . -
Promtn GarsPranares. 0 Vilape. = ! S {
eCant Qv O Village P i

Property Tax Visualization

Ministry of Panchayati Raj, Gol
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Geospatial Mission:
An Enabler of Viksit Bharat

Keeping pace with technological
advancements in geospatial field

David Henderson, Chief Geospatial Officer
Ordnance Survey

Cambridge Conference 2025

The Cambridge Conference 2025 focused on — To unlock value, geospatial data must
‘Reinventing the Map'. not be considered a separate discipline

of data
This theme explored the evolving role of maps

as a dynamic platform for building services, —> Our community could consider

driving innovation and supporting critical collective actions focused on equipping

government decision making. the next generation of professionals
with the necessary tools

—> We must invest in the technologies that
make it easier for customers to engage
with our data
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Harnessing the value of data

By 2035, UK will be a global leader in data-driven innovation enabled by a robust, secure, interoperable data

infrastructure which supports enhanced public services, improves productivity and delivers sustainable growth.

Treat data as socio-
economic asset

Create right conditions for
investment in data and how value is

realised across the economy

Foresight 2030

(2]

Provide tools,
infrastructure + capabilities

To businesses, innovators and
public sector to confidently and

responsibly produce and use data

The UK’s Association for Geographic Information - a

member driven organisation, recently published a strategic

foresight report for the industry.

DATA IN THE WORLD

OF GEOSPATIAL: IN GEOSPATIAL:

THE NEXT TRANSFORMATION  PROMISE, PERIL AND
THE PATH FORWARD

ARTIFICIAL INTELLIGENCE

THE 2030 AGI
FORESIGHT THEMES

s .

INTEROPERABILITY
AND INFRASTRUCTURE
IN GEOSPATIAL:
EVOLUTION OVER THE
INEXT FIVE YEARS

219

THE GREAT SKILLS SHIFT:
HOW GEOSPATIAL

3]

Transform how data is used

Empower individuals / businesses
to do more with data by making it
easier to use, leveraging Al

Source:

G | oearnsc
o

fo
ORES) o
OHT tEpy,

COLLABORATION IN
GEOSPATIAL:
EVOLUTION AND

FUTURE TRAJECTORIES

EARTH SYSTEMS
EVOLUTION:
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Ordnance Survey is Great Britain’s
national mapping service

Established over 230 years ago

Trusted source of geospatial data

Supporting infrastructure, public services, and innovation
Leading a national ecosystem of partners and customers

Collaborating globally

Curate trusted, high-quality
geospatial data with greater
effectiveness

Make data easy to access and
use

Better Data More Destinations

d 4,@:: Ordnance

4
NN Survey
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TeSEDBLBRIER DBLE BRXNISOBALSONDENSD T2
NBUBFL . L™ BRY SO BEEAL

Y2 DL (V£ (KA

5

Richer Data Easy Up-to-date Improved Connectivity
Access

ADMINISTRATIVE
LAND USE & STATISTICAL ADDRESS
UNITS

The

that that unlocks the geography of
Great Britain as the foundation to
national data infrastructure

TRANSPORT BUILDINGS

GEOGRAPHICAL

STRUCTURES NAMES
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. . . The most
Innovation in action advanced
map of GB

—built for
everyone
Real-time property data via OS NGD
Data fusion for better insights

Al-enhanced feature extraction
and updating

International geospatial infrastructure
for resilience and digital governance

Digital twins for smarter cities

Aggregate, link and share
with non-OS geospatial data

Curating trusted, high-quality Making data easy to access

geospatial data with greater
effectiveness

and use

Better Data More Destinations

JEy & Ordnance
'! :":i‘ Survey
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Aggregate, link and share
with non-OS geospatial data |

Curating trusted, high-quality
geospatial data with greater
effectiveness

Making data easy to access
and use

Better Data More Destinations

Enabling more location
related Insights

4@ 8. Ordnance
'\J }E:@ Survey

Aggregate, link and share
with non-OS geospatial data

Curating trusted, high-quality Making data easy to access
data with greater effectiveness and use

Better Data More Destinations

Gaining deep understanding
of market’s geospatial data
needs

Enabling more location
related Insights

JEE. Ordnance
'g' ,‘o"‘::{l Survey
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Interoperability by design

—> Global Standards Driving Interoperability: OGC, ISO Standards and Internal
Data Discovery.

—> National Geographic Database (NGD) designed for API-first delivery.
— Feature-based data model for flexible integration.

—> Open APIs and Data Hub provide interoperable access for developers and
partners.

Solving some infrastructure challenges

Linking data
from different
sources to
deliver new
insight

Testing and
assuring
positional
accuracy

Exploring and
deriving data
from new
sources

Measuring and
communicating
uncertainty
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Geospatial acts as a coordinate system
for modern data infrastructures

Spatial backbone Connectivity Location insights Dynamic
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Keeping Pace with Technological Advancements in the
Geospatial Field
From Maps to National Decision Infrastructure

Dr. Roshan K. Srivastav

Associate Professor, lIT Tirupati
Project Director — Technology Innovation Hub (NM-ICPS)
Head - Geo-Intel Lab, lITTirupati National Innovation Foundation

What Does "Keeping Pace” Really Mean?

It is NOT merely

Higher-resolution satellite data

New sensors or platforms

Al algorithms or cloud infrastructure
Technology adoption alone

technological advancement.

226

True progress REQUIRES

Institutions evolving at technology's speed
Platforms translating data into actionable decisions
Workforce ready to absorb and apply advances
Measurable governance outcomes

[J Critical Insight: If governance outcomes do not demonstrably improve, we are not truly keeping pace with
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Why Keeping Pace Is Challenging Today

Speed Mismatch Decision Gap Scale Barrier

Technology evolves exponentially Abundant data exists, but limited Numerous successful pilots, but
faster than institutional systems translation into policy impact and very few achieve scalable platform
can adapt outcomes status

Skill Concentration Fragmentation

Expertise remains concentrated in pockets, not Limited interoperability and coordination across
embedded across institutions departments and levels

The real gap is no longer innovation — it is institutionalisation and systematic deployment.

Pillar 1: Geospatial Workforce
From GIS Users to Spatial Decision-Makers

Geospatial transformation is fundamentally

people-driven. Every ministry, department, x Project-Based GIS Manpower
and governance unit now requires embedded 1

geospatial capability. Temporary consultants for specific tasks

Workforce must become

* Governance-ready and policy-aware Embedded Geospatial Workforce
» Platform-literate across technologies 2 o -
« Cross-disciplinary and collaborative Permanent institutional capability across levels

[0 Foundational Truth: Human capital is the most critical geospatial infrastructure investment a nation can make.
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Pillar 2: Foundational & PNT Infrastructure
Positioning, Reference Frames & Trust

Robust foundational infrastructure enables reliable, interoperable geospatial systems at national scale.

Core Components ] Critical Applications ]

* Geodetic reference frameworks (ITRF .
compatibility)

* CORS networks for continuous positioning
* NavIC & GNSS integration for sovereignty
* Precise timing and synchronisation systems

Autonomous drones and logistics operations
» Real-time infrastructure health monitoring

+ Rapid disaster response coordination

= Strategic autonomy in positioning services

Without reliable, accurate positioning infrastructure, digital governance systems remain fundamentally incomplete.

Pillar 3: GIS & Remote Sensing Platforms
From Static Maps to Operational Decision Systems

Siloed Systems Static Data

Fragmented departmental GIS implementations Periodic maps and archived datasets

Shared Platforms

Live Intelligence
Federated, interoperable national infrastructure

Real-time spatial decision support systems
Integrated Data Ecosystem

Satellite Data Ground Surveys

Muiti-sensor EO streams oo % Field validation & verification

Digital Twins Iﬂ] @ Administrative Datasets

Dynamic urban & infrastructure models Census, land records, schemes

Next-generation GIS platforms transform isolated data into coardinated, evidence-based action across governance levels.
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Pillar 4: Al & Machine Learning in Geospatial

Scaling Governance at National Level

National governance operates at massive scale — manual analysis cannot match the pace or scope required for effective decision-making.

Automated Feature Extraction

Rapid identification of infrastructure, land use, and built environment
from imagery

Predictive Analytics
Forecasting spatial patterns for disaster risk, resource planning, and

Continuous Change Detection

Near real-time monitoring of urban growth, encroachment, and
environmental shifts

Decision Support at Scale

Automated insights for millions of locations, thousands of concurrent
decisions

development

[ Core Principle: GeoAl is not about algorithmic sophistication for its own sake — it is about achieving scalability in governance decision-
making.

o © mm
. . . .
Integration & Innovation Pipelines
From Pilots to Platforms
Federated Architecture Structured Innovation Pipeline
India requires federated systems, not monolithic centralised platforms.
Problem Identification
Data must flow seamlessly across 1
e Real governance challenges
« Central ministries and departments
= State government agencies
* District and local governance bodies Prototype Development
= Research and academic institutions 2
Solution design & testing
Pilot Deployment
3 Field validation at scale
National Scale-Up
4 Institutionalised platform
Hackathons as governance instruments: Real problems, real datasets, real deployment pathways.
Innovation creates tangible value only when it successfully reaches operational deployment and sustained usage.
.. @ mm
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What Can Be Done in the Next 24 Months?
A Doable National Roadmap

o]} 02 03

Identify Priority Use-Cases Create Reference Datasets Standardise Interoperability

Map high-impact geospatial applications Develop standardised baseline data and Establish APIs, data exchange protocols, and
across ministries and state departments development starter kits for rapid deployment common technical standards

04 05

Build Workforce Pipelines Institutionalise Innovation Models

Continuous training programmes embedded across government, Systematic pathways from research prototypes to operational
academia, and industry government platforms

Expected Outcomes

3x 60% 10x

Faster Adoption Reduced Duplication Measurable Impact
Accelerated deployment timelines Elimination of redundant efforts Quantifiable governance outcomes
LE= © mm

Role of TIH & Geo-Intel Lab
A Cross-Cutting National Enabler

Technology Innovation Hub and Geo-Intel Lab function as a translation and acceleration layer connecting research, policy, and deployment.

Translation 5 Integration
Policy intent - deployable platforms and = GIS + RS + PNT + Al + Governance
operational systems ﬁ% frameworks
Capacity Building @ Acceleration

Workforce development across government, n@

academia, startups Pilots - scalable, sustainable national systems

[J Strategic Position: TIH under NM-ICPS enables Geo-Intel Lab to operate at the critical intersection of research excellence,
governance needs, and deployment capability — essential for building national-scale geospatial systems.
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SPATIAL LIGENCE AND
APPLICATIONS ORATORY
(GEO-INTEL LAB), IITTNIF

Techonlogy Innovation Hub, IIT Tirupati
Advancing Spatial Intelligence and PNT Technologies for Innovation, Public Good & Digital Governance

KEY FOCUS AREAS

e GIS Applications e CORS

e Geophysical Exploration e VR/AR

e GNSS Reflectometry e GDI Federated Node

ACTIVITIES/INITIATIVES Academic Network

= National SPIN Labs

SPIN Labs in academic institutes
to foster innovation, support
student startups, and build skills

12 Partnering Institutions

2o rocury J 100+ stuseres

+ Academic Network of Digital Twin
Virtual replicas enriched by geospatial data

« Academic Network of NaVvIC

Leveraging India’s indigenous navigation system

A national initiative to bring GIS into classrooms
and empower with spatial thinking skills.

Bringing Business to Startups

Women in Navigation & Geospatial
Solutions-Join to be a member
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Platforms/Apps Experts
Onboarded onboarded

Professional Events/
Workshops Programs

CENTERS/LABS

PNT Lab - Safran India

Center of Competence = Esri India
Open Geospatial Consortium (0GC)
CORS - Hyfix India

Verticals Active Projects Partners & Trained

Collaborators Prafessionals

Participants

NATIONAL EVENTS/WORKSHOP
* Synthetic Aperture Radar « Research2Market
+ Clear Skies Challenge~- ideathon & Hackathon
= NaViC - The Game Changer » GeoCities
* Space Technologies and Applications- Ideathon
& Hackathon
+ Faculty Training Program on Geo-informatics
and Applications

KEY PARTNERS

s 1 H
#xes Google wrdi A= WHWA Sihn
=1 o

AIRE

_—

iy
b k-:_-b" e + Smart Tourism

FLAGSHIP PROJECTS

. . of A
@ HYFIX =aursera B Trimble \,( N
=r—r= '.J)_

coor APAG = Bty @ vessr @esrin

- Digital Twin- Disaster Management
« LIDAR for Heritage
+ Civil Supplies - Decision Making Dashboard

e &

+ Indoor Mapping & Navigation

o [ A i) « GNSS Reflectometry

+ Geophysical Exploration
- - Asset Management
£ © now’ et ‘eises £) Spry BVRIT. e | * Space Archaeology
Elena
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Sentinel Grid Explorer
<
5 AT
o
il
B
Soil Moisture Through DigiPin(4x4 m Grid) UDAR for Heritage Real time tracking of
Reflectometry (GNSS) different satellites

v s s P -
gm ' Tirupati \ i |'.‘| oin gt Wb e st e it
| N i |!II I |I!| ||||| 4% Ministry of Panchayati Raj ~ E=5%s i

% [|-HubFoundation TIRUPATI

Geospatial Intelligence - Hackathon Challenge

Powered by: Geospatial Intelligence and Applications Laboratory, IITTNiF

A national-level innovation challenge focused on
Al/ML-based geospatial solutions for Smart Rural Planning, leveraging
drone imagery and point-cloud data to support Digital Governance and
Viksit Bharat 2047.
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Closing Thought

Keeping pace with technological advancements in geospatial is not about chasing
technology trends.

It is about systematically building trusted platforms, institutional capacity, and
decision systems that can serve India's governance needs for decades to come.

That is how geospatial becomes
an enabler of Viksit Bharat

Dr. Roshan K. Srivastav
Geo-Intel Lab, IITTNiF ] Technology Innovation Hub (NM-ICPS)

O mm
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Keeping Pace With
Technological Advancement in Geospatial

Domain

Presented by: Shri. Shailesh Kumar Sinha
Additional Surveyor General

Survey of India
Date: 17-12-2025, New Delhi

MACHINE LEARNING, DEEP LEARNING, Al

4
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Low PREDICTABILITY OF MEDIUM AND LONG-TERM TRAJECTORY OF THE TECHNOLOGICAL ADVANCEMENT HIGH
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L DATA GATHERING BY AUTONOMOUS VEHICLES

TO~=xT

HIGH-RESOLUTION HIGH REVISIT EARTH OBSERVATION
LICENSING HARMONISATION

DIGITAL PLATFORMS
BIG DATA PROCESSING
MULTIPLE DATA SOURCES
DATA INTEGRATION & INTEROPERABILITY

LINKED DATA CROWDSOURCING & VGI

IMPACT ON THE GLOBAL GEOSPATIAL INDUSTRY

sor

Low PREDICTABILITY OF MEDIUM AND LONG-TERM TRAJECTORY OF RISE OF NEW DATA SOURCES & ANALYTICAL METHODS HIGH

TO==x

TALENT & CONSUMER SHIFT REAL-TIME INFORMATION
O

INCUBATOR SPACE PACE| OF DIGITAL CHANGE URBAN ENVIRONMENT

REGENERATION OF BUSINESS ECOSYSTEM

SMART CITIES @ DIGTAL ETHICS & PRIVACY o, CYBERSECURITY
@)

(O OUTDOOR & INDOOR MAPPING

NEW COLLABORATION AGREEMENTS
DIGITAL DIVIDE & EXCLUSION

PRESSURE ON GOVERNMENT INSTITUTIONS
DIVERSITY AT WORK

IMPACT ON THE GLOBAL GEOSPATIAL INDUSTRY

sor

\ O
Low PREDICTABILITY OF MEDIUM AND LONG-TERM TRENDS HIGH
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THANK YOU..!!

Q) soos @ o soi
@ surveyofindia Ea' surveyofindia

Contact us at:

M 0135-2744064
Q sgisoi@govin | sgo.technical soi@gov.in

@ wwwsurveyofindio.govin
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Relevance of data
integration and
interoperability increase

Products and solutions
produced from multiple
data sources becoming

( =
connectivity

ubiquitous
enables deployment of
new tech

Digital infrastructure

the norm through sensarsand loT
New i for . ing modes
data gathering. i.e. of transport through
autonomous vehicles intelligent mobility

Crowdsourcing and VGI
become established ways
of data collection

High-resolution high-
revisit Earth
Observation data
become valid alternative
to aerial imagery

Trends

Big Data

Digital Twins for
modelling, simulation
and prediction

Wide uptake of edge
computing to enable
igent

loT, and smart cities

Misualisations and

has become a normal
path of geospatial data
processing

Integration of multiple
data sources requires

licensing harmonisation

Digital platforms
provide access to data at
scale

Linked Data enables
knowledge-on-demand

Rise of new data sources

Drivers
& analytical methods

HIGH

Licensing harmonisation

Quantum computing O

Impact on the global geospatial industry

Low

LOwW

Edge computing (O
inteltigent mobility (O

« Rise of products and
services specifically
designed for the
urban environment

+ Demand for reai-time
information provision

« Digital divide and

widely used to enh
customer experience
and decision making

Machine leaming, deep
leaming, and Al disrupt
geospatial production

Data cubes can deliver
analysis ready data

Quantum computing
enables

hold back universal
digital transformation

Increased diversity at
work in technology,
science, and innovation

Talent and consumer
Shift - changing values
and attitudes

Incubator spaces
enable innovation to
enter markets swiftly

P

« Digital ethics and
privacy addressed by
national and
intemational initiatives

Cybersecu!
conversations increase
intandem with increase
in digital devices

Pace of digital and

+  Seamless experience tech change puts
between g ion of pressure on national
indoor mapping to address
becomes an through the rise of non- policy and legislative
expectation geospatial start-ups shartcomings

+ Viable integrated
Smart City solutions
b ing wide

processing

spread

=

New

agreements with
industries outside of
geospatial emerge

]

Technological
advancements

Evolutionof user
requirements

D

=

Industry
structuralshift )/

O Machine learning, deep learning, Al

New opportunities for data gathering

Digital intrastructure (O

Talent & consumer shift ()

Immersive technology @)
and visualisation

Digital twins. ()

Incubator spaces O

Linked data

Data integration
& interoperability

Smart cities O

High-resolution high-
revisit Earth Observation

Big Data processing

O Pace of digital change

o Digital ethics & privacy

O Urban environment

O Regeneration of business ecosystem

o Outdoor & indoor mapping

() New collaboration agreements

() Diversity at work

QO Pressure on govemment institutions

- on
govemment
institutions to be more
tech and digital savvy

Legislative
environment

Ubiquitous connectivity (O

Digital platforms

Multiple data sources

O Cybersecurity

Crowdsourcing & VGI

o Digital divide & exclusion

Predictability of the trend's medium and long-term trajectory
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Purpose: Define what is acceptable geospatial data

» Geodetic framework & Co0:ordinate Reference System
* 14 Fundamental Theme schemas (ORI/Elevation/Other Themes)

» Spatial Data Models: Vector (simple + topological)/Raster /
multidimensional cubes/Network models/Parcel fabrics)

« Semantic & Logical Layer: Feature , ,
?5t'sjlo)gues/0ntologles/ ontrolled vocabularies/Linked data models
S

» Standards Stack: ISO 191xx/OGC /BIS standards including
Metadata

» Custodianship & authority rules

(Precedes all, Applies across data lifecycle, Design Time) -

i

Data Acquisition : Capture raw spatial observations

+ Aerial Systems: Manned aircraft/ Drones (UAVs) equipped with cameras, LIDAR (Terrestrial &
Bathymetric) , Sensors

« Satellites: Earth Observation (Optical, SAR, Multispectral, Hyperspectral), Positioning (GNSS, VLBI,
DORIS, SLR).

+ Ground-based: Surveying (CORS/GNSS-rovers, Total Stations,), Terrestrial Laser Scanning, Mobile
Mapping Systems (on vehicles/Backpack), 10T sensors.

« Crowdsourced & Volunteered Geographic Information (VGI): Geo-Platforms enabling Crowd-
Sourcing , OpenStreetMap, Social Media geotags, Smartphone Data
Output: Raw imagery, Point Clouds, Ground-truth data , sensor readings.

Data Processing: Convert raw data into usable datasets

« Photogrammetric processing: Orthorectification, radiometric & geometric correction,
Tiling/Mosaicing, DSM/DEM generation.

+ Feature Extraction: Automatically or manually Digitization for Vector Layers

* Remote Sensing : Classification (land use/cover), change detection, indices calculation (NDVI
vegetation)

. edvanced Analytics: Machine Learning, Deep Learning, Computer Vision for Automated Feat
xtraction

Output: Structured geospatial datasets (vector/raster), 3D models , thematic layers, maps, analytical reports.
Technically correct datasets but Not yet authoritative
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Data Inlgestion & Conformance Validation: Enforce models & standards. This is where “Quality as
per Mode tandards” happens. Only compliant data enters national systems.

Ingestion = validation + governance + onboarding

+ CRS & Datum Checks

» Schema Validation

* Resolution & accuracy class validation

+ Metadata & Lineage checks

* Topology & rule validation

» Versioning & authority tagging

Technology Stack: Apache NiFi/ GDAL + PROJ/ PostGIS/GeoServer/ GeoNetwork/ RBAC
Storage & Data Management: Secure, authoritative data custody
+ National repositories (foundational)

* Thematic repositories

* Version control

+ Archival & disaster recovery
Technology Stack: Spatial databases (PostGIS), cloud platforms, Data Lakes.

¢ y

Integration & Interoperability: Make data discoverable & usable
» Metadata catalogues and Registry

» Open data : OGC Services/ APIs

* Linked data : Cross-theme integration

» Federation of central & state data

« Access control & licensing

Output: Accessible, curated, integrated , fit-for-purpose geospatial
data repositories.
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Analytics, Modelling & Intelligence: Create insights

 Spatial analytics, Simulations, Predictive Analysis, Digital twins,
Al/ML on geospatial data

Visualisation, DSS & Applications : User-friendly maps , Apps,
Enable decisions & services, Dashboards, 3D Visualization,
Command & control systems, Planning tools, Citizen & enterprise
applications

Sectoral Usage: Realise socio-economic value

 Land administration, Urban planning, Infrastructure, Agriculture,
Disaster management, Environment .

y

Change Detection, Updates & Legal Validation
» ORI-based change detection

* Field verification

» Administrative / legal approval

Loops back to Acquisition
Reuses same models & standards
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USER TIER

Enabling Infrastructure
(Geospatial Platforms/Geoportals and Analytical Tools)
[enabling access, visualization, and analysis of geospatial data)
e

INTEGRATI AND SECU
(Data Services & AP! Ga

(Fedgrated Data In
‘connectingdistriby

Agency Dataset
[outhoritative data maintained by individual agencies, contributing to a federated system)
DATA GOVERNANCE TIER
(Legal and regulatory frameworks, metadata standards, and custodian policies)

* User Tier: Provides access to the data and geospatial services
through a geoportal.

» Application Tier: Provides the tools to visualize, download and
search for geospatial data.

» Security Tier: Provides data security and access authentication.

» Core Services Tier: Provides the data catalogue and metering
services that manage usage and payment services.

* Integration Tier: Links the application tier to the virtual data

stores.
» Custodian Tier: Enables custodians to upload data so that it is .
available to users.
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* The geospatial value chain is a comprehensive
framework that describes the flow of data and
value from raw data collection to end-user
applications across sectors.

* |t is often visualized as a multi-stage pipeline,
transforming raw spatial data into actionable
intelligence.

£ arefrr wdeor e
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The modern geospatial value chain is a dynamic,
interconnected, and increasingly democratized
ecosystem. It's no longer linear but a value circle,
where user feedback drives new data needs. The
power lies in integrating the chain—from
ubiquitous sensing (acquisition) to Al-powered
analytics—to create spatial intelligence that is
embedded directly into the decision-making
workflows of virtually every sector of the economy.
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