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ABSTRACT

Rapid urbanization in India, driven by population growth and economic expansion, has intensified challenges
such as unplanned sprawl, resource strain, environmental degradation, and inadequate infrastructure. The Smart
Cities Mission, launched in 2015, secks to address these issues by fostering sustainable, technology-driven urban
environments across 100 selected cities. Remote sensing (RS) technologies, including satellite imagery (e.g., Landsat,
IRS series, high-resolution platforms), play a pivotal role in enabling evidence-based urban planning and smart city
initiatives. RS facilitates accurate mapping of land use/land cover changes, monitoring urban expansion, detecting
illegal encroachments, and assessing green cover dynamics over time. Integrated with Geographic Information Systems
(GIS), it supports multi-layer spatial analysis for infrastructure planning, transportation optimization, flood risk
assessment, urban heat island identification, and sustainable resource management. In the Indian context, RS contributes
to baseline data creation for master plans, performance monitoring under the Smart Cities Mission (via dashboards and
observatories), and predictive modeling of growth patterns to guide resilient development. By providing cost-effective,
repetitive, and synoptic data, RS enhances decision-making, promotes transparency, and aids in achieving sustainable

urban goals. This article examines key applications, case examples from Indian cities, technological advancements,
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policy frameworks, and future prospects, underscoring RS as an indispensable tool for transforming Indian cities into

inclusive, efficient, and environmentally balanced smart urban ecosystems.
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1. Introduction

India is undergoing a transformative phase of urban-
ization, with approximately 31% of its population residing
in urban areas, contributing to 63% of the nation’s GDP.
Projections estimate that by 2050, urban populations will
reach 843 million, necessitating innovative urban planning
strategies to accommodate this growth. The Smart Cities
Mission, launched in 2015, seeks to develop 100 smart
cities by integrating advanced technologies, sustainable in-
frastructure, and efficient governance. However, tradition-
al urban planning methods, reliant on manual surveys and
outdated records, are inadequate to address the complexi-
ties of modern urban systems ",

Remote sensing, defined as the acquisition of data
about an object or areca without physical contact, offers a
robust solution /. By leveraging satellite imagery, aerial
photography, and advanced sensors, remote sensing pro-
vides high-resolution spatial and temporal data critical
for urban planning . This paper examines the impor-
tance of remote sensing in Indian smart cities, focusing
on its applications in land use planning, infrastructure
development, environmental sustainability, disaster risk
reduction, and governance. It also addresses challenges
such as data accessibility, technological integration, and
policy frameworks, while proposing strategies to enhance
its adoption !,

Urban planning requires comprehensive data on land
use, population dynamics, infrastructure, and environmen-
tal conditions. Remote sensing technologies, including
satellite imagery, Geographic Information Systems (GIS),
and Global Navigation Satellite Systems (GNSS), provide
a synoptic view of urban landscapes, enabling planners to
make informed decisions.

This study aims to address the following objectives:
(i) to examine how remote sensing enhances the efficiency
and accuracy of urban planning processes in Indian smart
cities; (ii) to assess its role in supporting policy formu-

lation, infrastructure planning, and environmental man-

agement; and (iii) to evaluate its potential for improving
governance, resilience, and citizen engagement. In this
context, the “importance” of remote sensing is defined in
terms of its ability to provide timely, spatially accurate, and
policy-relevant information that supports evidence-based

decision-making in urban planning.

1.1. Land Use and Land Cover Mapping

Land use and land cover (LULC) mapping is funda-
mental to urban planning, as it informs zoning, resource
allocation, and development policies. Remote sensing
satellites like Cartosat, Resourcesat, and Sentinel provide
high-resolution imagery for classifying land use patterns.
For instance, multispectral and hyperspectral sensors detect
changes in vegetation, built-up areas, and water bodies,
enabling planners to monitor urban sprawl and encroach-
ments. In Indian smart cities, LULC mapping supports the
identification of suitable sites for residential, commercial,
and industrial zones. It also aids in preserving green spaces
and preventing unauthorized constructions .

Satellite-derived LULC outputs can be effective-
ly integrated with Census of India data and municipal
GIS layers to correlate land use changes with population
growth and infrastructure expansion. Such integration en-
ables planners to identify high-growth zones, infrastructure
deficits, and spatial mismatches between population densi-

ty and service provision.

1.2. Infrastructure Development and Manage-
ment

Infrastructure development is a cornerstone of the
Smart Cities Mission, encompassing transportation, utili-
ties, and public amenities. Remote sensing provides critical
data for site selection, route optimization, and infrastruc-
ture monitoring . For instance, satellite imagery helps
identify optimal locations for roads, bridges, and metro

lines by analyzing terrain, soil stability, and population
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density .

In cities like Ahmedabad and Bhopal, remote sens-
ing has been used to map transportation networks and
monitor construction progress. Light Detection and Rang-
ing (LiDAR) technology, integrated with remote sensing,
generates three-dimensional models of urban infrastruc-
ture, enabling planners to assess structural integrity and
plan maintenance activities. Additionally, remote sensing
supports the development of smart grids by mapping elec-
tricity distribution networks and identifying areas prone to

power outages .

1.3. Environmental Monitoring and Sustain-
ability

Environmental sustainability is a key objective of
smart cities, requiring continuous monitoring of air quali-

81 Remote sensing

ty, water resources, and green spaces
technologies, such as hyperspectral imaging and thermal
sensors, provide data on pollution levels, urban heat is-
lands, and vegetation health. For example, the National
Remote Sensing Centre (NRSC) uses satellite data to mon-
itor air quality in cities like Delhi, where pollution is a sig-
nificant concern.

In Indian smart cities, remote sensing aids in the
conservation of urban green spaces by mapping vegetation
cover and identifying areas for afforestation. It also sup-
ports water resource management by detecting changes in
wetlands, rivers, and groundwater levels . For instance,
Resourcesat-2 data has been used to monitor the Sabarmati
Riverfront in Ahmedabad, ensuring sustainable water man-

agement.

1.4. Disaster Management and Resilience

Indian cities are vulnerable to natural disasters such
as floods, earthquakes, and cyclones, necessitating robust
disaster management strategies. Remote sensing plays
a critical role in disaster risk assessment, early warning
systems, and post-disaster recovery ', High-resolution
satellite imagery enables the identification of flood-prone
areas, landslide risks, and seismic zones, informing urban
planning decisions.

During the 2018 Kerala floods, satellite data from

Resourcesat-2 and Cartosat-2S facilitated real-time mon-

itoring of inundated areas, guiding rescue operations and
infrastructure restoration. In smart cities, remote sensing
supports the development of resilient infrastructure by
mapping vulnerable zones and ensuring compliance with

disaster-resistant building codes ",

1.5.Smart Governance and Citizen Engage-
ment

Smart governance relies on data-driven deci-
sion-making and citizen-centric services. Remote sensing,
integrated with GIS and IoT, enables real-time monitoring
of urban systems, from traffic flow to waste management
1?1 For instance, satellite imagery combined with AI-pow-
ered analytics can detect traffic congestion patterns, opti-
mize signal timings, and reduce commute times.

In cities like Pune, remote sensing data supports par-
ticipatory budgeting by providing citizens with transparent
information on urban projects. It also aids in property tax
assessments by mapping land use and property boundar-
ies, ensuring equitable taxation. By fostering transparency
and accountability, remote sensing enhances governance in
smart cities "',

While this study primarily adopts a policy and tech-
nology-oriented perspective, existing smart city initiatives
indicate growing use of participatory GIS platforms and
citizen feedback mechanisms. Future studies should incor-
porate structured surveys, interviews with urban planners,
and pilot participatory GIS projects to empirically assess
the impact of remote sensing on governance and citizen
engagement.

Sections 1 and 2 synthesize existing literature and
technological developments in remote sensing for urban
planning, drawing on published studies and institutional
reports. Sections 3 to 6 constitute the original contribution
of this paper, presenting Indian city case studies, integrated
analysis, and policy-oriented recommendations tailored to
the Smart Cities Mission.

2. Technological Advancements in
Remote Sensing
The evolution of remote sensing technologies has

significantly enhanced their utility in urban planning. Key

advancements include:
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2.1. High-Resolution Satellite Imagery

Satellites like Cartosat-3 and Worldview offer
sub-meter resolution, enabling detailed mapping of urban
features. This is particularly useful for Indian cities, where
dense urban fabrics require precise data. For example,
Cartosat-3 imagery has been used to map the Kashi Vish-
wanath Temple corridor in Varanasi, supporting heritage

preservation and urban redevelopment.

2.2. Hyperspectral and Multispectral Sensors

Hyperspectral sensors capture data across multiple
spectral bands, providing detailed information on material
composition and environmental conditions. In smart cit-
ies, these sensors are used to monitor urban green spaces,
detect pollution sources, and assess soil quality ", Multi-
spectral sensors, such as those on Resourcesat-2, support
LULC classification and change detection.

2.3.LiDAR and 3D Modeling

LiDAR technology, combined with remote sensing,
generates high-resolution digital elevation models (DEMs)
and 3D city models. These models are critical for urban
design, infrastructure planning, and disaster risk assess-
ment. For instance, LIDAR data has been used in Chennai
to map flood-prone areas and plan drainage systems.

T0°E T°E

2.4. Artificial Intelligence and Machine Learn-
ing

The integration of Al and machine learning with
remote sensing enhances data analysis capabilities. Deep
learning algorithms, such as Fully Convolutional Net-
works (FCNs), enable automated classification of satellite
imagery, reducing processing time. In Indian smart cities,
Al-driven remote sensing supports slum mapping, traffic
management, and environmental monitoring "',

2.5. Open-Source Data and Cloud Computing

Open-source satellite data from platforms like Land-
sat and Sentinel, combined with cloud computing, has
democratized access to remote sensing data. This is partic-
ularly beneficial for Indian cities with limited resources,
enabling planners to access high-quality data at low costs.
Cloud-based GIS platforms facilitate real-time data sharing

and collaboration among stakeholders "%,

3. Case Studies of Remote Sensing in
Indian Smart Cities

To illustrate the practical applications of remote
sensing, this section presents case studies from three Indi-
an smart cities: Ahmedabad, Bhopal, and Hyderabad. Fig-
ure 1 below shows the area map of Ahmedabad City.
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Figure 1. Area map of Ahmedabad City "¢,

66



Urban Planning and Construction |

Volume 03 | Issue 02 | November 2025

Figure 2 below shows the LULC Classification
Maps of 2013, 2018, and 2023 using QGIS for the Ahmed-
abad case study. Land use and land cover (LULC) maps
presented in Figure 2 were generated using multispectral
satellite imagery acquired from the Resourcesat-2 and Sen-
tinel-2 missions for the years 2013, 2018, and 2023. Im-

ages were pre-processed for radiometric and atmospheric
corrections and classified using a supervised classification
approach based on the Maximum Likelihood Algorithm.
Training samples representing built-up areas, vegetation,
water bodies, and open land were selected using high-reso-

lution reference imagery and field knowledge.
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Figure 2. LULC Classification Maps of 2013, 2018, and 2023 using QGIS ¢,

Image processing and classification were carried out
using QGIS and validated through accuracy assessment
using ground reference points and high-resolution Google
Earth imagery. Overall classification accuracy exceeded
greater than 85%, indicating a reliable LULC extraction

suitable for urban planning applications.

3.1.Ahmedabad: Urban Sprawl and Infra-
structure Planning

Ahmedabad, a rapidly growing metropolis, faces
challenges related to urban sprawl and infrastructure de-
velopment. Remote sensing has been instrumental in map-
ping LULC changes, identifying potential sites for metro
expansion, and monitoring the Sabarmati Riverfront proj-
ect. Cartosat-2S imagery, with a resolution of 0.6 m, has
been used to detect encroachments and plan green spaces,

ensuring sustainable urban growth.

3.2.Bhopal: Solar Energy Potential Assess-
ment

Bhopal’s smart city plan emphasizes renewable en-

ergy adoption, particularly rooftop solar photovoltaic (PV)
systems. Remote sensing, combined with object-oriented
classification, has been used to extract available roof areas
for solar panel installation. This approach, implemented
using Resourcesat-2 data, estimated Bhopal’s solar energy
potential, contributing to the city’s goal of achieving a 24/7
electricity supply.

The satellite-derived rooftop area estimates were
compared with available municipal building footprint data
and published solar installation records to ensure consis-
tency in spatial coverage. While minor discrepancies exist
due to building height and roof accessibility constraints,
the results demonstrate strong agreement with official es-
timates, validating the applicability of remote sensing for

solar potential assessment.

3.3.Hyderabad: Disaster Management and
Flood Mapping

Hyderabad, prone to flooding due to its topography,
has leveraged remote sensing for disaster management.
During the 2020 floods, NRSC used Resourcesat-2 im-

agery to map inundated areas and assess damage to infra-
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structure. These data-informed relief operations guided the
development of flood-resistant drainage systems, enhanc-

ing the city’s resilience.

4. Data Representation: Indian Con-
text

To provide a quantitative perspective, this section in-
cludes two tables (Tables 1 and 2) summarizing key urban

data in India and one image illustrating remote sensing ap-

plications.
Figure 3 below shows the statistical results of LULC
classification of 2013, 2018, and 2023 of the Ahmedabad

case study.

Table 1. Urban Population and Smart Cities in India ['7-8!,
Urban Popula-

Percentage of Total ~ Number of Smart

Year on (Million) Population Cities Planned
2011 377 31% -

2020 461 34% Approximately 100
2030 590 (Projected) 40% (Projected) Approximately 200
2050 843 (Projected) 50% (Projected) Approximately 500

Table 2. Remote Sensing Satellites Used in Indian Urban Planning [,

Satellite Agency Resolution (m) Applications in Smart Cities
Cartosat-3 ISRO (Indian Space Research Organisation) 0.28 LULC mapping, infrastructure planning
Resourcesat-2 ISRO 5.8 Environmental monitoring, water management
Cartosat-2S ISRO 6 Disaster management, urban sprawl analysis
Sentinel-2 ESA 10 Green space mapping, pollution monitoring
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Figure 3. Bar chart of statistical results of LULC classification of 2013, 2018, and 2023 2%,

5. Challenges in Implementing Re-
mote Sensing

Despite its potential, the adoption of remote sensing

in Indian smart cities faces several challenges:

5.1. Data Accessibility and Cost

High-resolution satellite data, such as from Carto-

sat-3, is often expensive, limiting its use in resource-con-

strained cities. While open-source data from Landsat and
Sentinel is available, it may lack the resolution required for
detailed urban planning, particularly in densely populated

areas.

5.2. Technical Expertise

The effective use of remote sensing requires skilled
personnel proficient in GIS, image processing, and data

analysis. Many Indian cities lack trained professionals,
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hindering the integration of remote sensing into planning
processes. This gap is particularly pronounced in smaller

smart cities with limited technical resources.

5.3. Integration with Urban Systems

Integrating remote sensing data with existing urban
systems, such as municipal databases and [oT networks,
poses technical challenges. Interoperability issues, data
format inconsistencies, and a lack of standardized proto-

cols can delay implementation and reduce efficiency "\,

5.4. Policy and Governance Frameworks

The absence of standardized policies for remote
sensing data usage in urban planning limits its scalability.
Coordination between central, state, and local governments
is essential to ensure consistent application, but bureau-

cratic inefficiencies often hinder progress.

5.5. Public Participation

Engaging citizens in remote sensing-based planning
processes is challenging due to limited awareness and tech-
nical literacy. Transparent communication of data-driven
insights is necessary to foster public trust and ensure inclu-

sive urban development **.

5.6. Uncertainty and Data Limitations

Remote sensing-based urban analysis is subject to
uncertainties arising from cloud cover, temporal data gaps,
and spatial resolution constraints. Medium-resolution im-
agery may not adequately capture fine-scale urban features
in dense settlements, while cloud contamination can limit
image usability during monsoon seasons. Classification
uncertainties, typically quantified using accuracy metrics,
also influence the reliability of derived outputs. Acknowl-
edging these limitations is essential for realistic interpreta-

tion and informed decision-making >

6. Strategies and Future Directions

The successful integration of remote sensing into
urban planning for Indian smart cities requires overcom-

ing challenges related to data accessibility, technical ex-

pertise, system integration, policy frameworks, and public
participation. These challenges, while significant, can be
addressed through strategic interventions that leverage
technological advancements, institutional collaboration,
and inclusive governance. The following strategies provide
a roadmap for enhancing the adoption of remote sensing,
ensuring its scalability, affordability, and effectiveness in

supporting the Smart Cities Mission.

6.1. Capacity Building and Workforce Devel-
opment

The effective utilization of remote sensing technolo-
gies demands a skilled workforce proficient in data acqui-
sition, processing, analysis, and interpretation. However,
many Indian cities, particularly smaller ones, lack per-
sonnel with expertise in Geographic Information Systems
(GIS), image processing, and advanced analytics. To ad-
dress this gap, comprehensive capacity-building programs
are essential. Establishing training programs tailored to ur-
ban planners, municipal officials, and engineers can bridge
the expertise gap. The Indian Institute of Remote Sensing
(IIRS), under the Indian Space Research Organisation
(ISRO), can expand its outreach by offering specialized
courses on remote sensing applications in urban planning.
These courses could include modules on satellite image in-
terpretation, GIS integration, and Al-driven data analysis.
For instance, hands-on training using open-source tools
like QGIS and Sentinel data can empower local officials
to perform LULC mapping and infrastructure assessments
independently >,

Collaborations between government agencies, such
as the National Remote Sensing Centre (NRSC), and aca-
demic institutions can facilitate knowledge transfer. Uni-
versities like the Indian Institutes of Technology (IITs) and
National Institutes of Technology (NITs) could introduce
elective courses on remote sensing for urban studies pro-
grams. Additionally, short-term certification programs, of-
fered in hybrid formats, can cater to working professionals
in municipal corporations. For example, the IIRS’s online
training portal, which reached over 10,000 participants in
2024, could be scaled to include urban-specific modules,
ensuring accessibility across Tier-2 and Tier-3 cities. Be-
yond technical experts, capacity building should extend to

non-technical stakeholders, such as policymakers and com-
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munity leaders, to enhance their understanding of remote
sensing applications. Workshops and awareness campaigns
can demystify the technology, highlighting its benefits in
areas like disaster management and environmental moni-
toring. For instance, training sessions in cities like Indore
could educate local leaders on using satellite-derived flood
maps to prioritize infrastructure investments, fostering in-

formed decision-making.

6.2. Open Data Initiatives and Cost Reduction

The high cost of proprietary high-resolution satellite
data, such as from Cartosat-3 or commercial providers,
limits its accessibility for resource-constrained municipal-
ities. Open data initiatives and cost-reduction strategies
can democratize access, enabling widespread adoption of
remote sensing in urban planning. The NRSC’s Bhuvan
portal, which provides free access to satellite imagery and
geospatial data, is a model for open data initiatives. Ex-
panding Bhuvan’s offerings to include higher-resolution
imagery and user-friendly interfaces can enhance its utili-
ty for urban planners. For example, integrating Sentinel-2
data with Bhuvan could provide municipalities with cost-
free multispectral imagery for environmental monitoring.
Additionally, partnerships with international agencies like
the European Space Agency (ESA) can ensure access to
global open-source datasets, such as those from the Coper-
nicus program.

For applications requiring sub-meter resolution,
such as infrastructure mapping or slum detection, the gov-
ernment could subsidize access to high-resolution imag-
ery from ISRO’s Cartosat series or commercial providers
like Maxar. A tiered pricing model, based on city size or
budget, could make high-resolution data affordable for
smaller smart cities like Tumkur or Shivamogga. Alterna-
tively, public-private partnerships (PPPs) could facilitate
cost-sharing, with private firms providing data processing
services in exchange for access to municipal contracts.
Creating centralized data repositories for remote sensing
products can streamline access and reduce duplication of
efforts. A national geospatial data hub, managed by the
Ministry of Housing and Urban Affairs (MoHUA), could
serve as a one-stop platform for smart cities to access
satellite imagery, DEMs, and LULC maps. For instance,

cities like Surat and Bhubaneswar could share flood risk

maps generated from GISAT (EOS-03/06) data, fostering

inter-city collaboration and reducing costs.

6.3. Integration with Smart City Frameworks

The seamless integration of remote sensing data with
existing smart city systems, such as IoT networks, munici-
pal databases, and Al platforms, is critical for maximizing
its impact. However, interoperability issues and data for-
mat inconsistencies often hinder integration. Developing
standardized data formats and protocols for remote sensing
products can facilitate integration with urban systems. For
example, adopting open geospatial standards, such as those
set by the Open Geospatial Consortium (OGC), can ensure
compatibility between satellite data and municipal GIS
platforms. This would enable cities like Pune to integrate
remote sensing-derived traffic data with loT-based traffic
management systems, optimizing signal timings in real
time.

Cloud computing offers a scalable solution for stor-
ing, processing, and sharing remote sensing data. Plat-
forms like Amazon Web Services (AWS) or Google Earth
Engine can host large datasets, enabling municipalities
to access processed imagery without investing in local
infrastructure. For instance, a cloud-based GIS platform
could allow Chennai to analyze flood inundation maps in
real time, integrating them with IoT sensors monitoring
drainage systems. The NRSC could lead the development
of a national cloud-based GIS platform tailored to smart
city needs. Effective integration requires coordination be-
tween agencies like ISRO, NRSC, MoHUA, and munici-
pal corporations. Establishing dedicated task forces within
smart city special-purpose vehicles (SPVs) can streamline
data workflows. For example, a task force in Ahmedabad
could oversee the integration of Cartosat-3 imagery with
the city’s smart traffic management system, ensuring da-

ta-driven urban planning.

6.4. Policy Reforms and Governance Frame-
works

The absence of standardized policies for remote
sensing in urban planning limits its scalability and con-
sistency. Robust policy frameworks are needed to address

data privacy, interoperability, and institutional coordina-
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tion. The MoHUA, in collaboration with ISRO, could for-
mulate national guidelines for the use of remote sensing
in urban planning. These guidelines should outline best
practices for data acquisition, processing, and application,
as well as standards for data privacy and security. For in-
stance, guidelines could mandate encryption of sensitive
geospatial data, such as property boundaries, to prevent
misuse. Cities like Jaipur could use these guidelines to de-
velop master plans that integrate remote sensing data with
local regulations. Financial and regulatory incentives can
encourage municipalities to adopt remote sensing. For ex-
ample, the Smart Cities Mission could allocate dedicated
funds for remote sensing projects, prioritizing cities that
demonstrate innovative applications. Tax breaks or grants
for municipalities investing in GIS infrastructure could fur-
ther incentivize adoption. In Bhopal, such incentives could
support the expansion of solar energy mapping initiatives
using remote sensing. Decentralizing decision-making can
empower local governments to tailor remote sensing ap-
plications to their specific needs. For instance, municipal
corporations could be granted autonomy to procure satel-
lite data or collaborate with private providers, reducing de-
pendency on central agencies. In smaller smart cities like
Davanagere, decentralized governance could accelerate the
adoption of remote sensing for local issues like waste man-

agement.

6.5.Citizen Engagement and Participatory
Planning

Public participation is essential for ensuring that
remote sensing-based planning aligns with community
needs. However, limited awareness and technical literacy
among citizens pose challenges to engagement. Develop-
ing user-friendly applications that leverage remote sensing
data can enhance citizen engagement. For example, mobile
apps providing real-time traffic updates based on satellite
imagery could empower residents in cities like Hyderabad
to plan their commutes efficiently. Similarly, apps display-
ing air quality or flood risk maps could raise awareness
about environmental issues, encouraging community-led
initiatives. Participatory GIS (PGIS) platforms can en-
able citizens to contribute to urban planning by providing
feedback on remote sensing-derived maps. For instance,

in Pune, a PGIS platform could allow residents to report

encroachments or suggest locations for green spaces,
which planners could verify using satellite imagery. Such
platforms foster transparency and inclusivity, aligning
with the Smart Cities Mission’s citizen-centric approach.
Public awareness campaigns can educate citizens about
the benefits of remote sensing in urban planning. Work-
shops, social media campaigns, and community events can
highlight success stories, such as Chennai’s use of remote
sensing for flood mitigation. Collaborating with NGOs and
local influencers can amplify outreach, particularly in un-
derserved communities. For example, campaigns in slums
could demonstrate how remote sensing supports infrastruc-
ture upgrades, building trust in the technology.

Al and machine learning can automate the analysis
of remote sensing data, reducing the need for specialized
expertise. For instance, deep learning models can classify
LULC patterns or detect informal settlements with high
accuracy. In Kolkata, Al-driven analysis of Resourcesat-2
imagery could streamline slum redevelopment projects,
enabling planners to prioritize interventions based on da-
ta-driven insights. The rollout of 5G networks in India can
enhance the real-time transmission of remote sensing data,
enabling dynamic urban monitoring. For example, [oT
sensors in Delhi could collect real-time air quality data,
which, when integrated with satellite imagery, provides a
comprehensive view of pollution patterns. This synergy
can support smart city applications like real-time traffic
management and environmental monitoring. The emer-
gence of nanosatellites and drones offers cost-effective
alternatives to traditional satellites. Indian startups like
Pixxel are developing hyperspectral nanosatellites that can
provide high-resolution environmental data at lower costs.
Drones, equipped with high-resolution cameras, can com-
plement satellite imagery by capturing localized data in
cities like Varanasi, supporting heritage preservation and

urban redevelopment.

6.6.International Collaboration and Knowl-
edge Sharing

Collaborating with global space agencies and re-
search institutions can enhance India’s remote sensing ca-
pabilities for urban planning. Collaborations with agencies
like NASA, ESA, or Japan’s JAXA can provide access to

advanced sensors and expertise. Knowledge-sharing agree-
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ments can also facilitate the adoption of best practices from
global smart cities like Singapore or Dubai. India’s partici-
pation in global networks, such as the Group on Earth Ob-
servations (GEO), can foster the exchange of remote sens-
ing technologies and methodologies. For instance, GEO’s
urban resilience initiatives could inform India’s strategies
for flood-prone cities like Chennai, enhancing disaster
preparedness. Technology transfer agreements with in-
ternational firms can accelerate the adoption of advanced
remote sensing tools. For example, partnerships with com-
panies like Planet Labs could provide Indian cities with
access to daily satellite imagery, enabling real-time urban
monitoring. Such collaborations could be piloted in cities

like Bangalore, known for its tech ecosystem.

6.7. Future Prospects

The transformative potential of remote sensing in
urban planning for Indian smart cities is poised to grow
exponentially, driven by rapid advancements in technolo-
gy, increasing policy support, and global collaboration. As
India continues its journey toward sustainable and inclu-
sive urbanization under the Smart Cities Mission, remote
sensing will play a pivotal role in addressing the challeng-
es of population growth, resource constraints, and climate
change. This section explores emerging trends and future
prospects, including nanosatellites, real-time monitoring,
integration with advanced technologies, climate resilience,
and international partnerships. By leveraging these op-
portunities, Indian smart cities can enhance their planning
processes, foster resilience, and improve the quality of life
for millions of urban residents.

The advent of nanosatellites and small satellites
represents a paradigm shift in remote sensing, offering
cost-effective and frequent data acquisition for urban ap-
plications. These compact, lightweight satellites, often
weighing less than 10 kg, provide high-resolution imagery
with shorter revisit times compared to traditional satellites,
making them ideal for dynamic urban monitoring. Indian
startups, such as Pixxel and Skyroot Aerospace, are pio-
neering the development of hyperspectral nanosatellites
tailored for urban and environmental applications. Pixxel’s
planned constellation of hyperspectral satellites, expect-
ed to be fully operational by 2027, will provide imagery

with resolutions as fine as 5 m across hundreds of spectral

bands. In smart cities like Bangalore, this data can enable
precise monitoring of urban green spaces, pollution lev-
els, and water bodies, supporting sustainable development
goals. For instance, hyperspectral imagery could detect
early signs of urban heat islands in Delhi, guiding planners
to prioritize green infrastructure. Nanosatellites are signifi-
cantly cheaper to build and launch, reducing the financial
burden on municipalities with limited budgets. By deploy-
ing constellations of small satellites, India can achieve
near-continuous monitoring of urban areas, a critical need
for cities like Mumbai, where rapid land use changes re-
quire frequent updates to master plans. The scalability of
nanosatellites also allows smaller smart cities, such as Shi-
vamogga or Tumkur, to access high-quality data without
relying on expensive commercial providers.

Drones, equipped with high-resolution cameras and
sensors, complement nanosatellites by providing localized,
on-demand data. In cities like Varanasi, drones can capture
detailed imagery of heritage sites or informal settlements,
supplementing satellite data for urban redevelopment proj-
ects. The integration of drone and nanosatellite data, facil-
itated by cloud-based platforms, can create comprehensive
geospatial datasets, enhancing the granularity of urban
planning efforts. The ability to monitor urban systems
in real time is a game-changer for smart cities, enabling
dynamic responses to traffic congestion, environmental
changes, and disaster events. Advances in satellite constel-
lations, cloud computing, and data analytics are paving the
way for real-time remote sensing applications.

Modern satellite constellations, such as those planned
by ISRO and private providers, offer frequent revisit times,
enabling near-real-time monitoring. For example, ISRO’s
proposed EOS-08 constellation, expected to launch in
2026, will provide daily imagery with resolutions suit-
able for urban applications. In cities like Pune, real-time
satellite data can support intelligent traffic management
systems by detecting congestion patterns and optimizing
signal timings, reducing commute times and emissions.
Cloud computing platforms, such as Google Earth Engine
and Amazon Web Services, enable rapid processing and
dissemination of remote sensing data. These platforms can
handle large volumes of satellite imagery, making it acces-
sible to municipalities without significant local infrastruc-

ture. For instance, Surat could use cloud-based platforms
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to analyze real-time flood risk maps during monsoons,
integrating them with IoT sensors to trigger early warning
systems.

Real-time remote sensing can support a range of
smart city applications, including waste management,
energy distribution, and public safety. In Bhubaneswar,
satellite imagery could monitor waste collection routes,
identifying areas with illegal dumping and optimizing col-
lection schedules. Similarly, real-time data on urban heat
islands in Chennai could guide the deployment of cooling
measures, such as reflective pavements or green roofs,
improving livability. The rollout of 5G networks across
India, coupled with the proliferation of Internet of Things
(IoT) devices, offers unprecedented opportunities to inte-
grate remote sensing with smart city ecosystems, enabling
seamless data transmission and real-time analytics. 5G
networks, with their high bandwidth and low latency, can
transmit large volumes of satellite imagery and geospatial
data in real time. This is particularly valuable for applica-
tions requiring immediate action, such as disaster response.
For example, during cyclones in Odisha, 5G-enabled trans-
mission of GISAT (EOS-03/06) imagery could provide
rescue teams with real-time updates on inundated areas,
improving response efficiency.

The integration of remote sensing with IoT net-
works creates a robust framework for urban monitoring.
10T sensors deployed in cities like Hyderabad can collect
localized data on air quality, traffic flow, or water levels,
which, when combined with satellite imagery, provide a
comprehensive view of urban dynamics. For instance, [oT
sensors monitoring drainage systems in Mumbai could be
paired with satellite-derived flood maps to predict and mit-
igate urban flooding, enhancing resilience. The synergy of
5@, IoT, and remote sensing can support advanced smart
city applications, such as intelligent transportation systems
and smart grids. In Delhi, real-time satellite data integrat-
ed with IoT-enabled traffic sensors could optimize public
transportation routes, reducing congestion and fuel con-
sumption. Similarly, smart grids in Ahmedabad could use
remote sensing to map electricity distribution networks,
identifying areas prone to outages and prioritizing mainte-
nance. As climate change poses increasing threats to Indian
cities, remote sensing will play a critical role in building

climate-resilient urban systems. Rising temperatures, ex-

treme weather events, and sea-level rise necessitate pro-
active planning and adaptation strategies. Remote sensing
can monitor climate change impacts, such as urban heat is-
lands, coastal erosion, and changing precipitation patterns.
Hyperspectral and thermal sensors can detect temperature
variations in cities like Chennai, guiding the implemen-
tation of cooling strategies like urban forests or reflective
surfaces. In coastal cities like Visakhapatnam, satellite im-
agery can track shoreline changes, informing coastal pro-
tection measures.

Remote sensing supports the development of climate
adaptation strategies by identifying vulnerable areas and
prioritizing interventions. For example, LiDAR-derived
digital elevation models (DEMs) can map low-lying areas
in Kochi prone to sea-level rise, guiding the construction
of flood barriers or elevated infrastructure. Remote sensing
could potentially contribute to India’s urban climate adap-
tation plans. The increasing frequency of extreme weather
events underscores the need for robust disaster prepared-
ness. Remote sensing can enhance early warning systems
by providing real-time data on cyclones, floods, and heat-
waves. For instance, satellite-derived rainfall forecasts can
trigger preemptive evacuation plans, reducing loss of life
and property. The integration of Al with remote sensing
can further improve predictive models, enabling cities to
anticipate and mitigate climate-related risks. International
collaboration and knowledge sharing can enhance India’s
remote sensing capabilities, providing access to advanced
technologies, expertise, and best practices from global
smart cities.

Collaborations with agencies like NASA, the Euro-
pean Space Agency (ESA), and Japan’s JAXA can provide
Indian cities with access to cutting-edge sensors and data.
India can adopt best practices from global smart cities like
Singapore, Dubai, and Copenhagen, where remote sensing
is integral to urban planning. Singapore’s use of satellite
imagery for real-time traffic management could inspire
similar systems in Bangalore, while Dubai’s application
of LiDAR for 3D city modeling could inform infrastruc-
ture planning in Mumbai. Participation in global networks,
such as the Group on Earth Observations (GEO), can facil-
itate knowledge exchange and technology transfer. Tech-
nology transfer agreements with international firms can

accelerate the adoption of advanced remote sensing tools.
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For instance, partnerships with companies like Planet Labs
or Airbus could provide Indian cities with access to daily
high-resolution imagery, enabling dynamic urban monitor-
ing. Such collaborations could be piloted in tech hubs like
Hyderabad, fostering innovation and attracting private in-
vestment.

Public-private partnerships (PPPs) can drive innova-
tion and reduce costs by leveraging private sector exper-
tise. For instance, private firms could develop Al-powered
remote sensing tools for municipalities, while the govern-
ment provides regulatory support and access to satellite
data. In Indore, a PPP model could fund the development
of a city-wide GIS platform, integrating remote sensing
with municipal services. Increased funding for remote
sensing initiatives, through the Smart Cities Mission or
national budgets, can accelerate adoption. Incentives such
as tax breaks for municipalities adopting remote sensing
technologies or grants for pilot projects can encourage in-
novation. For example, a pilot project in Bhopal to map
solar energy potential using hyperspectral imagery could
be scaled nationwide with adequate funding. The future
of remote sensing lies in its ability to empower citizens
and foster participatory urban planning, aligning with the
Smart Cities Mission’s citizen-centric vision.

Developing mobile and web applications that pro-
vide citizens with access to remote sensing-derived data
can enhance engagement. For example, an app in Jaipur
could display real-time air quality maps based on satellite
data, encouraging residents to adopt sustainable practices.
Similarly, a web platform in Surat could allow citizens to
report encroachments, verified by satellite imagery, foster-
ing community involvement in urban governance. Public
awareness campaigns can highlight the benefits of remote
sensing, building trust, and encouraging adoption. Schools
and colleges in smart cities could incorporate remote sens-
ing into curricula, inspiring the next generation of urban
planners. For instance, workshops in Chennai could edu-
cate students on using satellite data for flood mitigation,
creating a pipeline of skilled professionals. Remote sens-
ing can support inclusive planning by identifying under-
served areas and prioritizing interventions. In the slums of
Mumbai, satellite imagery can map informal settlements,
guiding the provision of basic services like water and san-

itation. By 2030, participatory GIS platforms integrating

remote sensing data could engage most of the urban res-
idents in planning processes, according to projections by

urban development experts.

7. Conclusions

Remote sensing’s ability to provide high-resolution
spatial and temporal data has revolutionized urban plan-
ning in Indian smart cities. In infrastructure development,
remote sensing facilitates site selection, route optimization,
and structural monitoring, as evidenced by its use in Su-
rat’s transportation networks and Delhi’s metro corridors.
The integration of advanced technologies, such as LiDAR,
artificial intelligence (Al), and cloud computing, has fur-
ther amplified remote sensing’s impact. Al-driven analyt-
ics, for instance, automate LULC classification and slum
detection, reducing processing times and enabling scal-
able solutions. Cloud-based platforms like NRSC’s Bhu-
van democratize access to geospatial data, benefiting re-
source-constrained cities. These advancements, combined
with case studies from Surat, Bhubaneswar, and Chennai,
illustrate remote sensing’s practical utility in addressing
urban challenges. The integration of 5G and IoT networks
will enhance data transmission and analytics, supporting
applications like intelligent transportation and smart grids
in cities like Delhi and Ahmedabad. Climate resilience,
a critical priority given India’s vulnerability to climate
change, will benefit from remote sensing’s ability to moni-
tor urban heat islands, coastal erosion, and extreme weath-
er events. Coastal cities like Visakhapatnam and Kochi can
leverage LiDAR and hyperspectral data to develop flood
barriers and green infrastructure, mitigating the impacts of
sea-level rise.

Global collaboration, through partnerships with
agencies like NASA and ESA, will provide access to
advanced sensors and best practices. The NASA-ISRO
Synthetic Aperture Radar (NISAR) mission will deliver
unprecedented data for disaster management and urban
planning, benefiting cities like Mumbai and Guwabhati.
Policy reforms, including a national remote sensing policy
and public-private partnerships, will ensure scalability and
sustainability. Citizen-centric applications, such as mo-
bile apps for traffic updates or air quality monitoring, will

empower residents in cities like Jaipur and Surat, aligning
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with the Smart Cities Mission’s emphasis on inclusivity.
In the near future, remote sensing is expected to underpin
urban planning decisions in India’s smart cities, according
to projections by urban development experts, transforming
cities into resilient, sustainable, and livable spaces.

The integration of remote sensing with emerging
technologies, such as Al, IoT, and 5G, will amplify these
benefits, creating a synergistic ecosystem for smart cities.
To realize the full potential of remote sensing, stakehold-
ers—government agencies, private firms, academic institu-
tions, and citizens—must collaborate to address challeng-
es and seize opportunities. The Ministry of Housing and
Urban Affairs (MoHUA) and ISRO should prioritize the
development of a national remote sensing policy, ensuring
standardized and equitable access to data. Municipalities
must invest in capacity building, leveraging institutions
like IIRS to train the next generation of urban planners.
Private sector innovation, through startups and PPPs, can
drive technological advancements, while international
partnerships can enhance India’s capabilities. Citizens, as
key stakeholders, must be empowered through education
and participatory platforms to ensure that urban planning
reflects their needs and aspirations. Remote sensing is
not merely a tool but a cornerstone of India’s smart urban
future. Its ability to provide comprehensive, data-driven
insights addresses the complexities of urbanization, from
infrastructure deficits to climate vulnerabilities. By over-
coming challenges and embracing future prospects, India
can harness remote sensing to create cities that are tech-
nologically advanced, environmentally sustainable, and
inclusive. As the Smart Cities Mission progresses, remote
sensing will remain integral to building urban centers that
enhance the quality of life for millions, ensuring a resilient
and prosperous future for India’s urban landscape.

By grounding its discussion in documented methods,
validated case studies, and clearly stated limitations, this
study strengthens the empirical and methodological basis
for adopting remote sensing in Indian urban planning prac-

tice.
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