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Abstract—Space the final frontier—has always stirred
human imagination. From ancient astronomers charting
the stars, to modern scientists probing distant galaxies,
our quest to explore beyond Earth reflects both curiosity
and capability. In the 20th and 21st centuries, space has
become much more than lore—it is a critical domain for
science, technology, economy, security, and global
cooperation.

For a country like India—with its vast population, varied
geography, socio-economic challenges, and ambition to
be among the world’s advanced technological powers—
space has offered unique opportunities. Since its early
years post-Independence, India has viewed space not
merely asprestige arena but as a tool for national
development: for communication, remote sensing,
weather forecasting, disaster management, education
outreach, and science.

I. EARLY VISION & FOUNDATIONS

India’s space journey didn’t begin with flashy rockets
or high-budget missions. It started with visionaries
who saw the potential of space science for national
progress. One central figure is Dr. Vikram Ambalal
Sarabhai, often called the “Father of the Indian Space
Dr. Sarabhai returned to India after studies abroad, and
in 1947 founded the Physical Research Laboratory
(PRL) at Ahmedabad

Noticing India’s unique geographical position—
especially the equatorial region—Sarabhai chose the
location of Thumba, near Thiruvananthapuram, to set
up the equatorial rocket launching station. The first
sounding rocket launches (with sodium vapour
payloads) from Thumba began in 1966.He also
established the Indian National Committee for Space
Research (INCOSPAR) in 1962 under the
chairmanship of the Department of Atomic Energy.
This body laid the organizational groundwork for
India’s space programme.
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These early efforts reflected two central philosophies
that would shape India’s space contribution

Use of space for national development — It was
always clear that space technology should serve
people: in  weather forecasting, agriculture,
communication across remote areas, disaster warnings
etc. Not just high science, but applied science.Self-
reliance and building from within — Rather than
depending completely on foreign help, India aimed to
gradually build its own institutions, launch facilities,
satellite systems etc. Vocational schools, research labs,
industrial manufacturing emerged alongside.

II. HISTORICAL GENESIS AND EARLY
MILESTONES

Formation of ISRO & Early Aspirations

India’s space efforts began in the 1960s. The Indian
National Committee for Space Research (INCOSPAR)
was set up in 1962, under the Department of Atomic
Energy, and led by Dr. Vikram Sarabhai. This later
evolved into the Indian Space Research Organisation
(ISRO) in 1969.

First Satellite — Aryabhata (1975)

India’s first satellite, Aryabhata, was launched in 1975.
It marked India’s entry into the space age.

SLV-3 & GSLV / PSLV Development

India developed its own launch vehicle technologies.
The SLV-3 (Satellite Launch Vehicle) first launched in
1980, making India one of the select few nations to
develop launch capability.

Subsequently, ISRO developed the Polar Satellite
Launch Vehicle (PSLV) which became highly reliable
and versatile, and the Geosynchronous Satellite
Launch Vehicle (GSLV) for heavier payloads. These
formed the backbone of India’s ability to put satellites
in various orbits.
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Aryabhata Satelite (1975)

III. MAJOR MISSIONS AND SCIENTIFIC
CONTRIBUTIONS

Satellite communications, broadcasting, meteorology,
disaster warning, tele-education, etc. The INSAT
system is among the largest domestic communication
satellite networks in the Asia-Pacific.

IRS & Remote Sensing Satellite

Various

Earth observation missions for agriculture, forestry,
land mapping, water resources. Important for disaster
management. Eg: RISAT-1 in 2012 with radar imaging
capabilities.
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IRS & Remote Sensing Satellites
Various

Earth observation missions for agriculture, forestry,
land mapping, water resources. Important for disaster
management. Eg: RISAT-1 in 2012 with radar imaging
capabilities.

IJIRT 185643

HIId INDIA

WReta Yov FATT JITEAA
INDIAN REMOTE SENSING SATELLITE-1A

Chandrayaan Missions

Chandrayaan-1 (2008), Chandrayaan-2 (2019),
Chandrayaan-3 (2023)

Lunar exploration. Chandrayaan-1 discovered water
molecules on the Moon. Chandrayaan-3 in 2023
achieved a soft landing near the Moon’s south pole, a
region not soft-landed by earlier missions.
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Mars Orbiter Mission (Mangalyaan)
Launched 2013, orbit reached 2014
First attempt to Mars by India, also one of the most
cost-effective interplanetary missions. Studies of
Martian surface, atmosphere, and climate, etc.

IV. CHALLENGES & LIMITATIONS

While India has made huge strides, there are several
challenges:

Technology Gaps

Some areas like large scale human spaceflight, long
term habitation, sample return missions, reusable
launch systems are still developing or nascent.
Resource Constraints

Budgetary, infrastructure constraints, especially for
ambitious missions (e.g. human mission costs, life
support, safety).
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Regulation & Private Sector Ecosystem

Integrating private companies, ensuring regulatory
frameworks, intellectual property, quality control,
technology transfer etc.

Space Debris & Sustainability

As number of satellites increases, debris becomes an
issue. Also, raising capacity for space situational
awareness, debris mitigation etc.

Risk Management & Mission Failures

Lunar mission landers or soft landings are highly
challenging. Some missions face setbacks (e.g. loss of
lander in Chandrayaan-2).

Aditya-L1

2023

India’s first mission to study the Sun from Lagrange
point L1; study the solar corona, space weather etc.
“Aditya” is Sanskrit for the Sun; “L1” refers to the first
Lagrange Point in the Sun-Earth system—about 1.5
million km from Earth on the Sun-side. At this point,
gravitational forces of Sun & Earth sort of balance,
enabling continuous solar observations.

The mission is India’s first space-based observatory to
study the Sun.
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SpaDeX (Space Docking Experiment) :

2024-25

Demonstration of space docking capabilities. India
became one of the few nations able to dock satellites
in low earth orbit in a controlled manner. This is
relevant for future missions such as building space
stations, sample return etc.
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ISRO

Set to Launch

SpaDeX Mission for
In-Space Docking on

December 30

Two small satellites
will demonsirate
critical docking
technology. marking
a significant
milestone in India's
space exploration
ambitions

SSLV-D3 & EOS-08

2024

TheSmall Satellite Launch Vehicle's developmental
flights for cost-effective, rapid launch of small
satellites. SSLV-D3 successfully placed the EOS-08
Earth observation satellite in orbit.

Technology & Capability Building

Launch Vehicles & Reliability

Development of multiple classes of launch vehicles
(SLV, ASLYV, PSLV, GSLYV, SSLV) gives India flexible
capability across mission types. PSLV has become
especially reliable. SSLV aims to cater to small
satellite demands.

Indigenous Technology / Self-Reliance (Atmanirbhar
Bharat in Space)

Many critical components and payloads are being
developed indigenously (e.g., atomic clocks for
navigation, radar payloads, ground systems). The
import substitution for several subsystems has been
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emphasized. Space Situational Awareness & Debris
Monitoring

Project NETRA: India’s independent system for
monitoring space debris, near-Earth objects, collision
avoidance.

Analog Training & Science

Analog missions like HAB-1 (in Leh) to simulate
extraterrestrial habitat conditions for astronaut training
and mission preparedness

V. INTERNATIONAL COLLABORATIONS &
DIPLOMACY

India has engaged in multiple collaborations, with
space agencies around the world, both for scientific
advancement and for diplomatic soft power.

NISAR (NASA-ISRO Synthetic Aperture Radar)
Joint Earth observation mission with NASA to track
climate change, land deformation, disasters using dual
frequency radar (L-band and S-band)

Joint missions with Japan

Lunar Polar Exploration Mission (LUPEX) with
JAXA; joint Chandrayaan-5 (or future Ilunar
collaboration) to explore polar lunar surfaces.
European collaborations

ESA’s Proba-3 satellites launched aboard PSLYV;,
cooperation with CNES (France) on thermal infrared
imaging satellite (TRISHNA MISSION)

Space Diplomacy & Global Agreements

India is a signatory or partner with many
countries/agencies (~61 countries, 5 multilateral
bodies) in space cooperation. India also joined the
Artemis Accords
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RECENT ONGOING MISSIONS AND UPCOMING
PLANS:

In 2024, SSLV-D3, Proba-3 launches, HAB-1 analog
mission, approval for Venus Orbit Mission (VOM),
Chandrayaan-4 etc.

Gaganyaan: India’s human spaceflight mission.
Uncrewed flights are in preparation; aims to send India
Venus Orbit Mission (VOM): Approved for exploring
Venus — its surface/subsurface, a

Chandrayaan-4 & Chandrayaan-5 / LUPEX: Missions
aimed at further lunar exploration, especially polar
regions of the Moon.

Continued work on space station / human habitation in
space, further development of
docking/tethering/spacecraft servicing technologies.

VI. CHALLENGES & LIMITATIONS

While India has made huge strides, there are several
challenges:

Technology Gaps

Some areas like large scale human spaceflight, long
term habitation, sample return missions, reusable
launch systems are still developing or nascent.
Resource Constraints

Budgetary, infrastructure constraints, especially for
ambitious missions (e.g. human mission costs, life
support, safety).

Regulation & Private Sector Ecosystem

Integrating private companies, ensuring regulatory
frameworks, intellectual property, quality control,
technology transfer etc.

Space Debris & Sustainability
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As number of satellites increases, debris becomes an
issue. Also, raising capacity for space situational
awareness, debris mitigation etc.

Risk Management & Mission Failures

Lunar mission landers or soft landings are highly
challenging. Some missions face setbacks (e.g. loss of
lander in Chandrayaan-2).

VII. FUTURE DIRECTIONS &
RECOMMENDATIONS

To further strengthen India’s contribution to space,
here are suggested paths forward:

»»»»»

_ Stress &
Condnemant

Accelerate Human Spaceflight Programs

Complete Gaganyaan with crewed missions. Plan for
space station / orbital habitats. Increase training, life
support R&D.

Reusable Launch Vehicles & Cost Reduction
Develop reusable technologies to reduce cost per kg.
Small-sat launcher ecosystems (SSLV etc.) should be
optimized.

Deep Space Exploration

Missions to outer planets, sample returns from Moon,
Mars, asteroids. Increase investments in advanced
propulsion, robotics.

Strengthen Earth & Climate Science Missions

Given climate change, disasters etc., further capacity
in Earth observations, sensor development, real-time
data applications.

Enhance Private Sector & Start-ups

Policy push, easier funding, incentives, technology
transfer to private players. Increase PPP (public-
private partnerships).

International Collaboration

Deepen tie-ups, joint missions, shared infrastructure
(e.g., telescopes, observatories, ground stations).
Regulatory & Institutional Strengthening
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Ensure safe, sustainable operations: debris mitigation,
space traffic management, standards.

Education & Human Resource Development
Encourage STEM education, research, internships;
link academia more with ISRO and industry.

VIII. CONCLUSION

India’s journey in space so far has been remarkable:
from early modest beginnings to becoming a major
space power recognized globally. Through a
combination of innovation, efficient mission design,
indigenous  development, and  international
cooperation, India has demonstrated that significant
contributions to space science and technology can be
made even under resource constraints.

As India embarks on more ambitious missions—
human spaceflight, lunar polar exploration, Venus
missions, more advanced Earth observation—its
contribution is likely to grow even more. With a
careful balancing of ambition, sustainability,
collaboration, and continued investment in technology
& human resources, India is poised to play a leading
role in the future of space exploration.
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