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Report on CMS-03 Satellite

Executive Summary

The CMS-03 (GSAT-20) mission, developed and launched by the Indian Space Research
Organisation in 2025, represents a major milestone in India’s communication satellite program.
As part of the Communication Satellite series, CMS-03 marks India’s progress toward
advanced high-throughput satellite technology, offering improved broadband, broadcasting,
and data communication services across the Indian subcontinent and nearby maritime regions.

Built on ISRO’s I-3K satellite bus and weighing about 4,050 kilograms, CMS-03 is designed
for a mission life of around 12 to 15 years. The satellite operates in geostationary orbit at 83
degrees east longitude, providing continuous coverage over India. It carries Ku-band, C-band,
and Ka-band transponders, enabling data throughput exceeding 60 Gbps—almost twice that of
earlier GSAT satellites. The mission supports national initiatives such as Digital India and the
National Broadband Mission by expanding high-speed connectivity to remote, rural, and
coastal areas.

CMS-03 was launched aboard the GSLV Mk Il (LVM3) from the Satish Dhawan Space
Centre, Sriharikota, on November 4, 2025. The launch vehicle successfully placed the satellite
into a geostationary transfer orbit, after which CMS-03 used its onboard Liquid Apogee Motor
to reach its final position. The mission demonstrated the capability of the GSLV MKk Il to
deploy 4-tonne-class payloads, strengthening India’s self-reliance in launching advanced
communication satellites.
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GSAT-7R (CMS-03)

India's Heaviest Communication Satellite

Figure 1 ISRO's CMS-03 Satellite
From a technological perspective, CMS-03 incorporates several important advancements:

e A multi-spot beam antenna system for efficient frequency reuse and high-capacity
regional coverage.

o Digital channelization and reconfigurable transponders for flexible bandwidth
allocation.

o High-efficiency power systems with 6.5 kW solar arrays and lithium-ion batteries.
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o Triple-redundant systems and autonomous fault management for reliability and safety.

Ground control operations are managed by the ISRO Telemetry, Tracking and Command
Network, which oversees satellite health, orbit control, and payload functions. The main
control centre in Bengaluru, supported by tracking stations in Hassan, Port Blair, and Biak
(Indonesia), ensures uninterrupted communication and monitoring throughout the satellite’s
operational life.

CMS-03 serves a wide range of applications that highlight its strategic and socio-economic
value:

e Telecommunications and broadband connectivity for rural and remote areas.

o Broadcasting support for television, radio, and digital media.

« Reliable links for disaster management when ground networks fail.

e Broadband communication for ships and aircraft in maritime and aviation sectors.

e Secure communication for defense and national security operations.

e Support for tele-education and telemedicine initiatives to improve access to education
and healthcare.

Overall, the CMS-03 mission strengthens India’s position as a leader in space-based
communication systems. It enhances digital infrastructure, ensures secure and inclusive
connectivity, supports national development, and reinforces India’s independence in space
technology. Through CMS-03, ISRO continues to advance its vision of enabling a digitally
empowered and connected India.
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1. Introduction to CMS-03 Mission

The CMS-03 satellite, also designated as GSAT-20, represents a significant milestone in
India’s space-based communication infrastructure. Developed and launched by the Indian
Space Research Organisation (ISRO) in 2025, CMS-03 is part of the nation’s ongoing effort to
expand high-throughput satellite (HTS) capacity for civilian, strategic, and commercial
communication needs. The mission is a continuation of the CMS (Communication Satellite)
series that succeeded the GSAT line of satellites, with the objective of providing reliable, wide-
coverage, and high-data-rate connectivity across the Indian subcontinent and surrounding
maritime regions.

Figure 2 GSLV MK 111 (LVM3) vehicle

The CMS-03 satellite has been developed under ISRO’s vision to establish self-reliance in
advanced digital communication and broadband connectivity. As India moves toward
widespread digital transformation, a strong space-based communication network has become
essential for supporting national infrastructure, rural development, disaster management, tele-
education, and tele-medicine. CMS-03 contributes directly to these goals by enabling
broadband services even in regions with limited terrestrial network reach, such as remote
islands, mountainous terrains, and sparsely populated rural areas. This aligns with the Digital
India initiative and the National Broadband Mission, which aim to bridge the digital divide and
deliver high-speed internet access to all citizens.

The CMS-03 mission also signifies a major technological leap for ISRO. Built on the I-6K
satellite bus, CMS-03 incorporates state-of-the-art communication payloads operating in Ka-
band and Ku-band frequencies, enabling higher bandwidth efficiency and throughput
compared to previous satellites in the series. The spacecraft is engineered for a mission life of
15 years, with robust onboard systems designed for enhanced power generation, payload
redundancy, and autonomous fault management. Its design integrates advanced solar array
systems, high-capacity lithium-ion batteries, and a refined attitude and orbit control system
(AOCS) for precise station-keeping in geostationary orbit.

CMS-03 was launched aboard the GSLV Mk 11l (LVM3) vehicle from the Satish Dhawan
Space Centre, Sriharikota. The mission utilized the vehicle’s high payload capacity to place
the 4-tonne-class satellite into a geostationary transfer orbit (GTO), from where it performed
orbit-raising maneuvers using its onboard propulsion system to reach its operational slot. This
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launch marks yet another successful demonstration of ISRO’s heavy-lift launch capabilities
and strengthens India’s position as a major player in the global space communication sector.

From a strategic standpoint, CMS-03 not only addresses domestic communication
requirements but also enhances India’s ability to participate in international satellite bandwidth
services and regional connectivity initiatives. The satellite’s multi-beam coverage and adaptive
communication technology enable it to efficiently allocate bandwidth to high-demand regions,
ensuring optimal utilization of transponder capacity. Moreover, its advanced onboard digital
processors facilitate flexible bandwidth routing and improved signal quality, marking a move
toward next-generation, software-defined satellite communication systems.
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2. Objectives of the Mission

The CMS-03 mission has been conceived and implemented by the Indian Space Research
Organisation (ISRO) with a well-defined set of strategic, technological, and socio-economic
objectives. The satellite represents a crucial step toward expanding India’s high-capacity
communication network and ensuring the nation’s self-reliance in advanced
telecommunication systems. The overarching goal of CMS-03 is to provide high-throughput
broadband connectivity and strengthen the country’s digital infrastructure across both urban
and rural regions, including geographically challenging and remote areas.

One of the primary objectives of CMS-03 is to enhance India’s satellite-based communication
capacity to meet the growing demands of broadband internet, direct-to-home (DTH) television,
and enterprise communication services. With the exponential rise in data consumption due to
digitalization, online education, telemedicine, and e-governance programs, existing terrestrial
infrastructure alone cannot support the bandwidth and coverage required to reach all citizens
effectively. CMS-03, equipped with multiple high-capacity transponders and advanced
frequency reuse technologies, addresses this challenge by offering large-scale, reliable data
connectivity with enhanced throughput and reduced latency.
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Figure 3 LVM3-M5 Flight Sequence

A key mission objective is to support the Digital India initiative by enabling high-speed
communication links to remote villages, islands, and border regions where fiber-optic networks
are not economically viable. By providing satellite-based internet connectivity to underserved
areas, CMS-03 plays a direct role in bridging the digital divide. This objective also supports
government programs like BharatNet and the National Broadband Mission, which aim to
deliver internet connectivity to every gram panchayat and rural institution in the country.

Another critical objective of the CMS-03 mission is to strengthen national communication
security and disaster management infrastructure. The satellite is designed to provide secure,
uninterrupted communication channels for defense, maritime, and strategic applications.
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During natural disasters such as cyclones, floods, or earthquakes, terrestrial communication
networks often fail. In such scenarios, CMS-03’s satellite communication links will serve as
the backbone for emergency coordination, rescue operations, and public communication
systems, ensuring connectivity when it is most critical.

The mission also aims to enhance India’s technical capabilities in next-generation satellite
communication systems. CMS-03 incorporates advanced payload technologies such as high-
frequency Ka-band operation, multi-spot beam configuration, and digital channelization. These
innovations enable better bandwidth utilization and dynamic resource allocation, allowing
ISRO to deliver flexible and efficient communication services tailored to user needs. Through
this mission, ISRO continues its pursuit of innovation, developing indigenous expertise in
designing and manufacturing high-throughput satellites (HTS), a field previously dominated
by advanced international space agencies.

A further objective of the CMS-03 mission is to boost India’s participation in international and
commercial satellite communication markets. With its powerful transponders and wide
regional coverage extending beyond India’s borders, CMS-03 offers opportunities for cross-
border bandwidth leasing, maritime connectivity, and aviation communication services. This
will not only generate revenue but also enhance India’s position as a reliable regional hub for
satellite-based communication infrastructure.
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3. Technical specifications of CMS-3 Satellite

The CMS-03 communication satellite, developed and launched by the Indian Space Research
Organisation (ISRO), represents a significant leap in India’s space-based communication
technology. It is designed as a high-capacity geostationary communication satellite capable of
providing advanced telecommunication and broadband services across the Indian subcontinent
and adjoining regions. Technically, CMS-03 is one of the most sophisticated satellites in
India’s communication fleet, integrating advanced payload technology, higher frequency
operation, and improved power management systems.

Satellite Configuration and Platform

CMS-03 is based on ISRO’s proven I-3K (INSAT-3000) satellite bus, a modular and versatile
platform designed for communication payloads in the 3-tonne class. The total launch mass of
the satellite is approximately 4,050 kilograms, making it one of the heaviest communication
satellites launched by India. The spacecraft structure comprises a central cylinder housing the
propellant tanks, bus systems, and electronics, surrounded by panels supporting the
communication payloads and solar arrays. The satellite’s dimensions, when fully deployed in
orbit, are approximately 3.1 m x 2.7 m x 2.5 m, with solar arrays spanning nearly 15 meters
tip-to-tip.

Figure 4 CMS-03 Satellite

The satellite carries two deployable solar arrays capable of generating more than 6.5 kilowatts
of electrical power, supported by high-capacity lithium-ion batteries for eclipse operation. The
thermal control system is fully redundant and includes heat pipes, multilayer insulation
blankets, and radiators to maintain the payload within its operating temperature range of 0 °C
to 40 °C. The attitude and orbit control system (AOCS) ensures precise three-axis stabilization
using reaction wheels, gyros, and star sensors, allowing antenna pointing accuracy better than
0.1 degree.

Orbital Characteristics

CMS-03 operates in a geostationary orbit (GEO) at an altitude of approximately 35,786
kilometres above Earth’s equator. It is positioned at 83° East longitude, providing uninterrupted
coverage over the Indian mainland and nearby regions. In this orbit, the satellite appears
stationary relative to the Earth’s surface, enabling continuous communication links with fixed
ground antennas. The mission lifetime of CMS-03 is designed for over 12 years, supported by
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an optimized propellant load and advanced station-keeping systems. The propulsion module
employs a Liquid Apogee Motor (LAM) using MON-3 (Mixed Oxides of Nitrogen) as oxidizer
and MMH (Monomethylhydrazine) as fuel for orbit raising and maintenance maneuvers.

Communication Payload

The payload is the core of CMS-03’s functionality. It carries multiple Ku-band and C-band
transponders, enabling both high-speed data transfer and conventional broadcasting
applications. The Ku-band transponders are used primarily for direct-to-home (DTH)
television, VSAT connectivity, and broadband internet, while the C-band transponders support
telecommunication trunk links and broadcasting networks. The total bandwidth capacity
exceeds 12 GHz, providing a high throughput capability compared to earlier GSAT-series
satellites. The payload architecture also supports frequency reuse and polarization diversity,
enhancing spectral efficiency.
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Figure 5 Launch Vehicle

Each transponder channel has been optimized to deliver signal power between 55 and 120
watts, depending on service type and beam configuration. The satellite utilizes multi-spot beam
coverage through shaped-reflector antennas that focus power on specific geographical zones.
This technology allows the same frequency to be reused in different beams, significantly
increasing total communication capacity. The onboard signal processing subsystem enables
digital channelization and flexible bandwidth allocation, allowing dynamic adjustment
according to real-time communication demands.

Power and Data Handling Systems

The onboard power system uses regulated 70-volt bus architecture, supported by redundant
power distribution units (PDUs). The command and data handling (C&DH) system is built
around ISRO’s indigenous onboard computer, featuring radiation-hardened processors and
secure communication protocols. The telemetry, tracking, and command (TT&C) subsystem
operates in S-band, ensuring constant communication with ground control centers in Hassan,
Bhopal, and Port Blair.

Reliability and Redundancy

A defining characteristic of CMS-03 is its high reliability achieved through system redundancy
at both component and subsystem levels. Critical units such as gyros, batteries, transmitters,
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and control electronics are dual-redundant, while mission-critical systems like the propulsion
valves and TT&C units are triple-redundant. All onboard software is verified through extensive
simulation and real-time testing before launch to ensure fault tolerance and autonomy in orbit.

Mission Life and Maintenance

The designed mission life of 12 years ensures prolonged service continuity for India’s
communication infrastructure. Regular orbit maintenance maneuvers will be performed
approximately every two weeks to counter gravitational perturbations and solar radiation
pressure. Periodic health monitoring through telemetry and automated fault detection systems
enhances operational safety and reliability throughout the mission duration.
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4. Launch Vehicle and Mission Profile

The CMS-03 satellite was successfully launched by the Indian Space Research Organisation
(ISRO) aboard its Geosynchronous Satellite Launch Vehicle Mark 111 (GSLV MKk I11), also
known as LVM3, from the Satish Dhawan Space Centre (SDSC-SHAR), Sriharikota, on
November 4, 2025. This mission reaffirmed India’s capability to deploy heavy communication
satellites into precise geostationary transfer orbits, marking another milestone in the nation’s
pursuit of space-based communication self-reliance.

Launch Vehicle Overview

The GSLV MKk 1l (LVM3) is India’s most powerful operational launch vehicle to date.
Designed and developed by ISRO’s Vikram Sarabhai Space Centre (VSSC), it is a three-stage,
heavy-lift rocket capable of delivering payloads weighing up to 4,000 kilograms into
Geosynchronous Transfer Orbit (GTO) and up to 10,000 kilograms into Low Earth Orbit
(LEO). The GSLV MK III has been engineered for reliability, efficiency, and adaptability,
serving as India’s prime launcher for high-value communication satellites and deep-space
missions.

CMS-03 (GSAT-7R) -
INDIAN NAVY SATELLITEE
Coverage: Incdian Ocean Region {ICR)
Purpose: Secure High-Bandwidth Communiction

Launched by:
LVM3-M5 "Bahubali”
1) Solid Booster
2) Liguid Core
3) Cryogenic Upper Stage

v B =2

Replaces: GSAT-7 (Rukmini) « Launched: 2013
Supparts: Ships » Submarines « Aircraf! « Command Centres

Structurally, the GSLV Mk |11 stands 43.5 meters tall, with a lift-off mass of approximately
640 tonnes. It comprises three main stages:

1. First Stage (Solid Rocket Boosters - S200)
The first stage consists of two massive solid strap-on boosters (S200), each containing
nearly 205 tonnes of solid propellant. These boosters provide the initial thrust of about
5,150 kN each, enabling the vehicle to escape the lower atmosphere and gain early
velocity. They operate for approximately 130 seconds after ignition, contributing
nearly 70% of the total lift-off thrust.

2. Second Stage (Core Liquid Stage - L110)
The core stage of the vehicle, designated L110, is a liquid propulsion module
equipped with two Vikas engines, each burning UH25 (a mixture of Unsymmetrical
Dimethylhydrazine and Hydrazine Hydrate) as fuel and N204 (Nitrogen Tetroxide) as
oxidizer. The combined thrust of this stage is approximately 1,600 kN, and it burns
for around 200 seconds. The liquid stage provides fine control and ensures stable
ascent, guiding the vehicle through atmospheric flight.
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3. Third Stage (Cryogenic Upper Stage - C25)
The third and most sophisticated stage of GSLV Mk 11 is the C25 cryogenic stage,
powered by the CE-20 engine, India’s first indigenously developed high-thrust
cryogenic engine. It uses Liquid Hydrogen (LH2) and Liquid Oxygen (LOX) as
propellants and generates a thrust of about 200 kN. The CE-20 operates for roughly
640 seconds, providing the precise orbital velocity required to inject CMS-03 into its
planned Geosynchronous Transfer Orbit (GTO).

Mission Sequence and Profile

The launch sequence began with the ignition of both S200 boosters, followed by the firing of
the L110 liquid core stage. At approximately 2 minutes after lift-off, the solid boosters
separated, and the vehicle continued to ascend under the power of the L110 stage. Around 5
minutes after launch, the payload fairing separated, exposing the CMS-03 satellite to space.
Shortly after, the cryogenic stage (C25) ignited and burned for over 10 minutes to achieve the
targeted Geosynchronous Transfer Orbit with a perigee of about 170 km and an apogee of
36,000 km, inclined at 21.5 degrees to the equator.
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Following separation from the launch vehicle, CMS-03 was placed into its designated GTO
trajectory. The satellite’s Liquid Apogee Motor (LAM) was then used in a series of orbit-
raising maneuvers over the next several days to achieve a circular geostationary orbit at 35,786
km altitude. Once the satellite reached its final orbital slot at 83° East longitude, deployment
of solar arrays and antenna reflectors commenced, followed by in-orbit testing and payload
activation.

Safety, Navigation, and Tracking Systems

The mission employed ISRO’s Navigation and Guidance Control System (NGCS), which
integrates onboard sensors and ground-based radar telemetry for precise trajectory
management. Multiple ground stations—Sriharikota Range Operations Centre, Port Blair,
Mauritius, and Biak (Indonesia)—tracked the launch vehicle during its ascent phase. Post-
separation, ISRO Telemetry, Tracking, and Command Network (ISTRAC) took over satellite
health monitoring and orbit control operations.
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5. Payload and Communication Capablities

The CMS-03 satellite stands as one of the most advanced communication platforms ever
developed by the Indian Space Research Organisation (ISRO). The payload design of CMS-03
integrates high-throughput transponders, modern frequency bands, digital channelization
systems, and reconfigurable antennas, enabling it to provide a broad spectrum of
telecommunication, broadcasting, and broadband services. Its architecture emphasizes
efficiency, scalability, and reliability, making it a critical node in India’s communication
infrastructure.

Overview of Payload Design

The payload of CMS-03 has been engineered to operate across multiple frequency bands—
primarily the Ku-band and C-band, with experimental capacity in Ka-band for future
applications. This configuration enables the satellite to simultaneously support traditional
television broadcasting and high-speed data transmission, catering to diverse user segments,
including government agencies, private enterprises, and civilian services.

CMS-03 carries a total of 32 high-capacity transponders, distributed across 16 Ku-band and 16
C-band channels. Each transponder provides a 36 MHz bandwidth, allowing for large data
throughput and high-quality signal delivery. The Ku-band transponders are optimized for
direct-to-home (DTH) television, VSAT (Very Small Aperture Terminal) connectivity, and
broadband internet services. The C-band transponders, on the other hand, are designed for long-
distance telecommunication trunk links, broadcasting networks, and meteorological data
transmission.

The satellite’s multi-spot beam antenna system is among its most notable innovations. Instead
of a single wide beam, CMS-03 utilizes several focused spot beams to cover different
geographical regions of India. This approach enables frequency reuse—a method in which the
same frequency can be used in multiple beams without interference, effectively multiplying the
satellite’s overall communication capacity. The antenna subsystem employs shaped-reflector
technology and electronically steerable feed arrays for precise beam control, ensuring uniform
coverage and signal strength across the service region.
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Advanced Frequency and Bandwidth Management

The Ku-band onboard CMS-03 operates in the range of 10.7 — 12.75 GHz (downlink) and 13.75
—14.5 GHz (uplink), while the C-band operates in 3.6 — 4.2 GHz (downlink) and 5.85 — 6.425
GHz (uplink). The experimental Ka-band payload, though smaller in scale, functions within
the 20/30 GHz frequency range, providing a testing platform for future high-capacity satellite
communication systems. Ka-band frequencies are known for supporting gigabit-class data
rates, which will become vital for future 5G and satellite internet integration.

CMS-03’s digital channelization subsystem allows flexible bandwidth allocation and routing
between uplink and downlink channels. This enables the satellite to dynamically adapt to
network demand, optimize spectrum usage, and provide customized communication solutions.
The onboard signal processor can perform multiplexing, beam switching, and power balancing
autonomously, ensuring uninterrupted service delivery under varying traffic conditions.

Power and Signal Amplification

Each transponder on CMS-03 is supported by high-power Traveling Wave Tube Amplifiers
(TWTAYS), capable of generating output powers between 55 to 120 watts, depending on service
configuration. The use of solid-state power amplifiers (SSPAs) in some transponders further
enhances energy efficiency and reliability. The satellite’s total payload power consumption
exceeds 4.5 kW, supplied by its 6.5 kW solar array system. Efficient thermal management
ensures the amplifiers and signal processors operate at optimal temperatures, maintaining
consistent signal quality throughout the mission life.

The payload also includes redundant channel amplifiers and automatic switching units to
ensure continuous service even in case of hardware anomalies. Such redundancy enhances
system reliability and mission longevity—key requirements for communication satellites with
12-15-year operational lifespans.

Coverage and Signal Footprint

The CMS-03 satellite provides near-complete coverage of the Indian mainland, Andaman &
Nicobar Islands, Lakshadweep Islands, and surrounding maritime regions, extending up to
3,000 kilometers beyond India’s borders. Its coverage footprint is designed to support both
continental and maritime communication applications. The multiple spot beams deliver higher
signal strength in densely populated areas, while wide-area beams ensure connectivity in
sparsely populated or remote locations.

Data Throughput and Capacity

The CMS-03 is classified as a high-throughput satellite (HTS) with an estimated total data
capacity exceeding 60 Gbps—nearly double that of previous-generation GSAT satellites. This
performance is achieved through efficient spectrum utilization, digital signal processing, and
advanced antenna design. The increased throughput directly supports India’s expanding
broadband and telecommunication needs, especially under initiatives like Digital India and
BharatNet.

2025 | MacroEdtech™ 13




Report on CMS-03 Satellite

7. Ground Control and Operation Systems

The successful operation of any communication satellite, including CMS-03, depends not only
on the satellite itself but also on a robust and highly coordinated ground control and operation
system. The ground segment is responsible for satellite telemetry, tracking, and command
(TT&C), payload management, health monitoring, and coordination of data and
communication services. For CMS-03, ISRO has integrated its established ground
infrastructure with advanced mission planning and control technologies to ensure continuous,
reliable operation over its 12—15-year mission life.
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Ground Control Infrastructure

The primary ground control responsibility for CMS-03 lies with ISRO Telemetry, Tracking,
and Command Network (ISTRAC). ISTRAC operates a network of ground stations located at
strategic locations across India and overseas, including Bengaluru (Master Control Centre),
Hassan, Port Blair, and Biak (Indonesia). These stations provide continuous monitoring and
control capabilities, ensuring the satellite remains within its designated geostationary orbital
slot and operates optimally.

The ground segment infrastructure comprises three major components:

1. Master Control Center (MCC):
The MCC, located in Bengaluru, serves as the central hub for satellite control. It is
equipped with advanced computing systems for real-time telemetry processing, orbit
prediction, and anomaly management. The MCC monitors the health of all satellite
subsystems, including power generation, thermal conditions, attitude control, and
communication payload performance. Automated alerts and redundancy protocols
allow operators to detect and rectify potential anomalies promptly.

2. Tracking and Remote Stations:
Remote tracking stations, such as Hassan and Port Blair, support continuous orbit and
telemetry monitoring. These stations track the satellite’s position using Doppler radar,
ranging systems, and optical sensors. They relay real-time data to the MCC for
analysis, ensuring precise orbit maintenance, station-keeping maneuvers, and payload
beam adjustments.
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3. Ground Communication Terminals:
These terminals connect user networks, broadcasting stations, and government
agencies to the satellite. Specialized antennas and VSAT hubs allow for efficient
uplink and downlink data transmission. For DTH television, broadband internet, and
enterprise communication services, these terminals facilitate high-quality signal
transmission and reception.

Telemetry, Tracking, and Command (TT&C) Systems

The TT&C subsystem is critical for satellite operations. CMS-03 uses S-band frequencies
(uplink: 2025-2120 MHz, downlink: 2200-2290 MHz) for TT&C communication. Telemetry
signals provide continuous feedback on satellite health, including payload status, power levels,
temperature, and propulsion system readings. Commands from the MCC allow precise
execution of orbit-raising maneuvers, payload configuration changes, antenna pointing
adjustments, and contingency operations.

The TT&C system is fully redundant, with multiple transceivers and antennas, ensuring
uninterrupted command capability even if one channel fails. Advanced encryption protocols
are employed to protect critical command and control links from interference or unauthorized
access, ensuring secure satellite operation.

Payload Monitoring and Management

CMS-03’s payload, which includes Ku-band, C-band, and experimental Ka-band transponders,
requires continuous monitoring to maintain service quality. Ground control monitors signal
strength, frequency drift, power amplifier performance, and beam coverage patterns. Any
deviation from expected parameters triggers corrective commands to adjust transponder
settings or antenna orientation.

The satellite’s multi-spot beam configuration demands dynamic payload management. Ground
operators can reallocate bandwidth or modify beam patterns according to real-time demand,
optimizing resource utilization across urban, rural, and maritime regions. This capability
ensures that communication services remain reliable, efficient, and responsive to changing user
needs.

Orbit Maintenance and Station-Keeping

Maintaining CMS-03 in its designated geostationary orbital slot at 83° East longitude is a
critical responsibility of the ground control system. Routine station-keeping maneuvers,
typically performed every 2—-3 weeks, correct deviations caused by gravitational perturbations
from the Moon, Sun, and Earth’s oblateness, as well as solar radiation pressure. The MCC
calculates precise orbital corrections, which are executed using the satellite’s Liquid Apogee
Motor (LAM) and reaction control thrusters.

The ground system also manages end-of-life orbit relocation. When CMS-03 approaches the
end of its operational life, it will be moved to a graveyard orbit approximately 300 km above
the geostationary belt, ensuring safe disposal and reducing space debris risk.
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Redundancy, Security, and Contingency Protocols

To ensure uninterrupted service, CMS-03’s ground operations incorporate redundant
communication paths, backup power systems, and fail-safe control software. Continuous
monitoring allows immediate response to anomalies such as transponder failure, propulsion
system issues, or thermal irregularities. In addition, cybersecurity measures safeguard the
satellite’s command and payload systems from potential threats.

Contingency procedures include switching to backup transponders, automated fault detection,
and emergency orbit correction sequences. This ensures mission continuity even under adverse
conditions, maintaining uninterrupted communication for both strategic and civilian
applications.
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8. Applications and Benefits

The CMS-03 communication satellite represents a strategic asset for India, delivering a broad
spectrum of services that enhance national communication infrastructure, socio-economic
development, and digital inclusion. Designed as a high-throughput satellite (HTS) with Ku-
band, C-band, and experimental Ka-band transponders, CMS-03 provides wide-ranging
applications spanning broadcasting, internet connectivity, disaster management, defense, and
commercial services. Its deployment significantly strengthens India’s space-based
communication ecosystem, enabling reliable and high-capacity services across urban, rural,
and remote regions.

Enhancement of Telecommunication Services

One of the primary applications of CMS-03 is the provision of broadband and
telecommunication services. By delivering high-speed internet via VSAT networks, the
satellite allows rural communities, remote islands, and underserved areas to access online
education, e-governance services, telemedicine, and e-commerce platforms. The satellite’s
multi-spot beam technology ensures targeted coverage, enabling efficient frequency reuse and
high throughput for densely populated regions, while maintaining consistent connectivity in
sparsely populated areas.

CMS-03 also supports enterprise communication networks, facilitating reliable data exchange
for government agencies, research institutions, and private organizations. With its capability to
handle large-scale data transmission, CMS-03 ensures that high-volume communication
requirements are met without reliance on terrestrial infrastructure, which is often limited or
vulnerable to natural disruptions.

Broadcasting and Media Applications

The satellite’s Ku-band and C-band transponders are well-suited for direct-to-home (DTH)
television services and satellite radio broadcasting. High-power transponders provide
uninterrupted service to urban centers and remote rural areas, enabling access to educational,
entertainment, and news content. By supporting multiple channels simultaneously, CMS-03
expands the capacity for digital media dissemination and enhances public outreach.
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Moreover, CMS-03’s wide-area coverage facilitates national and regional broadcasting
networks, including public service channels, emergency alerts, and government information
services. Its multi-beam technology allows selective targeting of content, improving service
quality while minimizing interference between adjacent beams.

Support for Disaster Management and Emergency Communication

CMS-03 plays a critical role in national disaster preparedness and management. India’s diverse
geography, including coastal regions, mountainous terrains, and flood-prone areas, makes
terrestrial communication networks vulnerable during natural disasters. CMS-03 ensures
continuity of communication during such events, providing reliable links for coordination
between emergency services, government agencies, and affected communities.

The satellite’s geostationary coverage enables real-time communication in disaster-hit regions
where ground-based infrastructure may be damaged or non-functional. This capability supports
rescue operations, medical aid delivery, and information dissemination, thereby reducing the
response time and mitigating the impact of disasters.

Maritime and Aviation Connectivity

CMS-03 extends its communication capabilities to maritime zones and air routes surrounding
the Indian subcontinent. Its high-throughput beams provide broadband connectivity for
shipping vessels, ports, offshore installations, and aircraft, facilitating real-time
communication and navigation support. For maritime applications, CMS-03 enables vessel
tracking, safety monitoring, and broadband access for crew and passengers. In aviation, it
enhances inflight connectivity and operational communication, supporting both commercial
airlines and regional transport networks.

Support for Strategic and Defense Applications

CMS-03 contributes to secure communication infrastructure for strategic and defense purposes.
Its redundant payloads and high-reliability systems provide secure data links for defense
command centers, border monitoring, and national security networks. By reducing dependence
on foreign satellites, CMS-03 strengthens India’s sovereignty over critical communication
channels and ensures continuity in strategic communication during emergencies.

Socio-Economic and Educational Benefits

Through its broadband services, CMS-03 promotes digital inclusion by providing access to
online education, telemedicine, e-governance, and e-commerce platforms, particularly in rural
and remote areas. Educational institutions can benefit from high-speed internet for digital
classrooms, video conferencing, and distance learning programs. Health services can leverage
telemedicine applications to provide remote consultations, bridging gaps in healthcare access.

Additionally, CMS-03 supports initiatives under Digital India and BharatNet, contributing to
equitable access to digital services, enhanced productivity, and inclusive economic growth. Its
ability to facilitate enterprise networks and government communication platforms further
strengthens the country’s administrative efficiency.
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Commercial and Industrial Applications

The satellite also presents commercial opportunities for private operators, media companies,
and service providers. By leasing transponder bandwidth, ISRO can generate revenue while
enabling private sector enterprises to expand services in broadcasting, broadband, and
telecommunication. CMS-03’s high throughput and flexible bandwidth allocation allow
businesses to deploy region-specific communication services, enhancing overall market
efficiency and technological reach.
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9. Impact on India’s Space Communication Infrastructure

The launch and deployment of the CMS-03 satellite mark a significant milestone in India’s
space communication ecosystem. Beyond its role as a high-capacity communication platform,
CMS-03 contributes strategically to strengthening national digital infrastructure, enabling
technological advancement, and supporting socio-economic development. Its impact spans
multiple dimensions, including enhancement of satellite-based connectivity, modernization of
communication services, national security, and global competitiveness.

Strengthening National Connectivity

One of the most immediate and visible impacts of CMS-03 is the expansion of high-speed
satellite communication coverage across India. By operating in Ku-band, C-band, and
experimental Ka-band frequencies, CMS-03 provides broadband connectivity to urban, semi-
urban, rural, and remote regions, including areas that are geographically challenging for
terrestrial networks. Its multi-spot beam technology ensures efficient use of spectrum while
delivering high data rates to areas of high demand.

The satellite enables bridging of the digital divide in India, facilitating access to tele-education,
telemedicine, e-governance, and online commercial services. Communities in islands such as
the Andaman and Nicobar or regions like Ladakh and Arunachal Pradesh, which have limited
terrestrial communication infrastructure, now have access to reliable satellite-based internet
services. This enhancement in connectivity directly supports national initiatives like Digital
India and BharatNet, reinforcing India’s vision of a fully connected and digitally empowered
society.

Advancement in Communication Technology

CMS-03 represents a leap forward in India’s high-throughput satellite (HTS) capabilities. By
incorporating digital payloads, multi-beam antennas, and flexible frequency reuse, the satellite
introduces next-generation communication technology into India’s operational fleet. This
advancement sets the foundation for future satellites with even higher capacity, adaptive beam-
forming, and software-defined payloads.

Additionally, CMS-03’s experimental Ka-band transponders provide critical learning for the
integration of higher-frequency bands, which are capable of supporting gigabit-class data
services. The satellite’s onboard digital signal processing allows dynamic bandwidth allocation
and beam reconfiguration, enabling efficient management of traffic and optimized
performance. These capabilities position ISRO at the forefront of modern satellite
communication technology, providing the basis for innovation in subsequent missions.

Support for Strategic and Defense Communications

The deployment of CMS-03 enhances India’s strategic communication infrastructure. With
secure and high-capacity channels, the satellite provides reliable communication links for
defense forces, border monitoring, and disaster-response coordination. Unlike terrestrial
networks, satellite communication is less vulnerable to sabotage, natural disasters, or technical
disruptions. CMS-03 thus ensures continuity of critical communication networks, supporting
national security objectives and emergency preparedness.
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The redundancy in payload and robust onboard systems further guarantee uninterrupted
service, which is crucial for defense operations and government coordination during crises.
This capability underscores the dual-use nature of CMS-03, serving both civilian and strategic
national needs.

Economic and Socio-Development Impact

CMS-03 plays a pivotal role in promoting economic growth and social development through
expanded digital connectivity. By facilitating reliable broadband access, the satellite enables
rural and remote regions to participate in e-commerce, online banking, digital education, and
telemedicine. This access reduces urban-rural disparities, empowers citizens with information
and services, and enhances productivity in agriculture, healthcare, and education sectors.

Commercially, CMS-03 offers opportunities for private telecommunication providers and
media companies to lease bandwidth for direct-to-home television, broadband services, and
enterprise connectivity. This promotes private sector participation in space-based
communication infrastructure, generating revenue for ISRO and creating a thriving satellite
communication market in India.

Enhancing India’s Global Space Standing

The successful deployment and operationalization of CMS-03 reaffirm India’s capabilities as
a self-reliant space power with advanced heavy-lift launch capabilities and high-capacity
communication satellites. The satellite’s high throughput and wide coverage enable India to
extend satellite communication services beyond national borders, including maritime and
regional connectivity in the Indian Ocean region.

By reducing dependency on foreign satellite services for domestic and regional
communication, CMS-03 strengthens India’s technological sovereignty. Furthermore, it
positions India as a reliable provider of communication bandwidth for international clients,
enhancing the nation’s competitiveness in the global satellite communication market.

Contribution to Future Missions

CMS-03 also serves as a technological stepping stone for next-generation satellite programs,
including software-defined payloads, multi-orbit constellations, and integration with terrestrial
5G networks. Lessons learned from its deployment, payload management, and operational
performance will inform the design and execution of future missions, ensuring that India
maintains leadership in advanced satellite communication technologies.
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10. Comparison with previous Communication Satellites

The CMS-03 satellite represents a significant advancement over India’s earlier generation of
communication satellites, particularly the GSAT series, in terms of payload capacity,
technological sophistication, coverage, and application versatility. A comparative analysis
highlights the evolutionary improvements in satellite design, communication capabilities, and
strategic utility that CMS-03 brings to India’s space communication infrastructure.

Payload Capacity and Frequency Bands

Earlier GSAT-series satellites, such as GSAT-6, GSAT-15, and GSAT-30, were designed
primarily with C-band and Ku-band transponders, providing conventional telecommunication
and broadcasting services. The total bandwidth and power capacity of these satellites were
sufficient for their time, generally supporting around 12—-24 transponders with payload power
in the range of 3-4 kW.

CMS-03, in contrast, carries a high-throughput payload with 32 transponders distributed across
Ku-band, C-band, and experimental Ka-band frequencies. Its total payload power exceeds 4.5
kW, enabling higher signal strength and greater data throughput. The inclusion of Ka-band
transponders allows CMS-03 to support future high-speed broadband and gigabit-class
communication, a capability that earlier GSAT satellites did not possess. This enhancement
represents a substantial increase in India’s satellite communication capacity and efficiency.

Antenna and Beam Technology

Earlier GSAT satellites typically utilized single wide-beam antennas or partially multi-beam
configurations, providing general coverage of India and neighboring regions. While effective
for basic broadcasting and communication, this approach limited frequency reuse and localized
high-throughput service, as interference between adjacent areas constrained simultaneous
channel operation.

CMS-03 employs advanced multi-spot beam technology, where multiple narrow beams are
focused on specific regions. This allows frequency reuse across different beams, significantly
multiplying the satellite’s effective capacity. Furthermore, CMS-03’s shaped reflector antennas
and electronically steerable feed arrays enable precise beam pointing and dynamic
reconfiguration. This flexibility enhances coverage in high-demand urban areas while
maintaining reliable service in rural and remote regions—something previous GSAT satellites
could not efficiently achieve.

Digital Payload and Signal Processing

Earlier GSAT satellites relied primarily on analog or semi-digital transponder designs, limiting
flexibility in bandwidth allocation and channel management. Channel allocation was largely
fixed, making it challenging to adapt to real-time traffic demand or reconfigure beams for
dynamic requirements.

CMS-03 incorporates a fully digital payload with onboard signal processing, enabling dynamic
bandwidth allocation, beam switching, and adaptive power control. These capabilities allow
the satellite to adjust services in real time, efficiently distributing resources to areas with higher
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traffic demand. The onboard digital architecture also improves signal quality, reduces
interference, and enables advanced services like broadband VSAT and enterprise connectivity.
This is a critical technological leap compared to the fixed-payload configuration of earlier
satellites.

Power, Reliability, and Mission Life

CMS-03 benefits from higher power generation (6.5 kW) and advanced redundancy systems,
including dual-redundant transponders, triple-redundant command and control units, and fault-
tolerant thermal management. Earlier GSAT satellites typically had mission lives of 10-12
years with lower payload redundancy and less power capacity. CMS-03’s improvements in
reliability and energy efficiency extend operational life while supporting higher data
throughput, ensuring uninterrupted services over its designed 12-year lifespan.

Coverage and Service Enhancement

While GSAT satellites provided continental coverage, their capacity for high-speed broadband
and targeted communication was limited. CMS-03 extends coverage beyond India to
surrounding maritime zones, including the Indian Ocean region, enabling maritime and
aviation connectivity, which earlier satellites could only partially support. The multi-spot beam
approach ensures enhanced signal strength in both densely populated urban centers and remote
or strategically important regions, improving national connectivity and service quality.

Strategic and Socio-Economic Impact

Previous GSAT satellites primarily served broadcasting and telecommunication needs,
contributing to basic connectivity and DTH television expansion. CMS-03, however, enhances
strategic communication for defense, emergency management, and government networks,
while simultaneously enabling broadband digital services critical for socio-economic
development. The satellite’s ability to support enterprise networks, telemedicine, distance
education, and disaster response surpasses the functional scope of the earlier generation of
satellites, reflecting a holistic approach to national communication infrastructure.
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11. Interesting Facts and Achievements of CMS-03

The launch and successful deployment of the CMS-03 communication satellite by ISRO not
only enhances India’s space communication infrastructure but also showcases several
remarkable technical achievements and milestones. CMS-03 represents the convergence of
advanced satellite engineering, strategic planning, and operational excellence, setting new
benchmarks in India’s space program. This section highlights the notable features, records, and
achievements associated with the mission.

First-of-its-Kind Features

CMS-03 incorporates multiple technological innovations that distinguish it from previous
satellites in India’s communication fleet. The satellite’s multi-spot beam configuration is one
of the most notable features, enabling efficient frequency reuse and higher data throughput
compared to conventional wide-beam satellites. This allows targeted coverage of densely
populated regions while simultaneously serving remote and rural areas with strong signal
quality. Such an advanced beam architecture is a significant leap in satellite communication
technology for India.

The satellite also includes fully digital payloads with onboard signal processing capabilities,
allowing dynamic allocation of bandwidth and real-time beam reconfiguration. This enables
the satellite to adapt to changing communication demands and ensures optimal utilization of
resources. Previous GSAT satellites were limited by fixed analog or semi-digital payloads,
making CMS-03 a technological upgrade that improves flexibility, efficiency, and service
quality.

Record-Setting Launch and Deployment

The CMS-03 satellite was launched aboard the GSLV MK 111 (LVM3), India’s most powerful
operational launch vehicle. The mission demonstrated ISRO’s ability to deploy heavy payloads
exceeding 4,000 kg into a precise geostationary transfer orbit (GTO). The precision achieved
in orbital insertion and the subsequent orbit-raising maneuvers to reach the final geostationary
orbit at 83° East longitude highlight ISRO’s growing expertise in heavy-lift launch operations.

This mission also marked another consecutive success for the GSLV MK 111 series, reinforcing
its reliability as India’s workhorse for high-value satellite launches. The performance of the
CE-20 cryogenic upper stage during CMS-03’s deployment is a notable achievement,
demonstrating India’s mastery over high-thrust cryogenic propulsion technology, which is
critical for future heavy-lift missions and interplanetary exploration.

Enhanced Coverage and Capacity

CMS-03 provides near-complete coverage of the Indian subcontinent, including the Andaman
and Nicobar Islands, Lakshadweep Islands, and surrounding maritime regions. Its multi-spot
beams provide concentrated service in high-demand urban areas and widespread coverage for
rural and remote regions. This extensive footprint allows maritime and aviation
communication; a capability that earlier satellites could only partially support. By extending
high-speed connectivity to both strategic and commercial domains, CMS-03 significantly
enhances India’s communication reach.
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With its high-throughput payload, the satellite delivers total data capacity exceeding 60 Gbps,
nearly double that of earlier GSAT satellites. This improved capacity facilitates broadband
internet services, DTH broadcasting, enterprise networks, and telemedicine, making CMS-03
a versatile asset in India’s national communication strategy.

Strategic and Societal Achievements

CMS-03’s deployment strengthens India’s strategic communication infrastructure, providing
reliable links for defense forces, government operations, and disaster management networks.
Its redundancy systems, including dual transponders, fault-tolerant command units, and high-
power amplifiers, ensure continuous service in emergencies or contingencies, an achievement
that underlines its importance for national security.

Societally, CMS-03 advances digital inclusion, supporting e-governance, online education,
telemedicine, and broadband services for rural and remote communities. By reducing the
digital divide, CMS-03 contributes to India’s socio-economic development, aligning with
initiatives like Digital India and BharatNet.

Technological Demonstration and Innovation

CMS-03’s experimental Ka-band transponders serve as a technology demonstration for future
high-capacity satellite communication networks. By testing higher-frequency operations and
digital payload management, the satellite provides critical insights for designing next-
generation satellites capable of gigabit-class services.

Additionally, the satellite’s solar power system, capable of generating 6.5 kW, along with its
advanced thermal management and propulsion systems, represents a culmination of years of
research and engineering refinement. These features ensure a long operational life while
supporting high-throughput applications reliably.

Recognition and Significance

The CMS-03 mission has been widely recognized as a milestone in India’s space
communication program, marking significant achievements in satellite capacity, orbital
precision, and operational reliability. Its contribution is multi-faceted: from enhancing
everyday communication services to strengthening national security and providing a testbed
for future satellite technologies.
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Conclusion and Future Outlook

The successful launch and deployment of the CMS-03 communication satellite mark a
significant milestone in India’s space program and satellite communication capabilities. As a
high-throughput, multi-band satellite equipped with advanced digital payloads and multi-spot
beam technology, CMS-03 represents a transformative step in the evolution of India’s
communication infrastructure. Its deployment demonstrates ISRO’s technical excellence,
strategic planning, and commitment to national development, while providing a foundation for
future advancements in space-based communication systems.

Summary of Key Contributions
CMS-03 has several key contributions to India’s communication and technological landscape:

1. Enhanced National Connectivity: By providing broadband and telecommunication
services to urban, rural, and remote regions, CMS-03 bridges the digital divide and
ensures that citizens in geographically challenging areas gain access to education,
healthcare, governance, and commercial services. Its coverage extends to islands,
mountainous regions, and maritime zones, offering comprehensive connectivity across
India and surrounding regions.

2. Technological Advancement: CMS-03 introduces fully digital payloads with onboard
signal processing, adaptive beam management, and flexible bandwidth allocation.
These innovations represent a significant improvement over previous GSAT satellites,
allowing efficient use of spectrum, high throughput, and reliable service delivery. The
inclusion of experimental Ka-band transponders sets the stage for next-generation high-
speed satellite networks.

3. Strategic and Security Applications: The satellite strengthens India’s strategic
communication capabilities, supporting defense networks, emergency response, and
disaster management. Its high reliability, redundancy, and secure communication
channels ensure uninterrupted service, even during contingencies or natural disasters.

4. Socio-Economic Impact: By enabling telemedicine, e-learning, enterprise networks,
and broadband services, CMS-03 contributes directly to socio-economic development.
Initiatives like Digital India and BharatNet benefit from its high-capacity
communication services, facilitating inclusive growth and digital empowerment.

5. Global Competitiveness: CMS-03 reinforces India’s position as a capable and reliable
space power, demonstrating its ability to design, build, launch, and operate high-
capacity communication satellites. Its high-throughput payload and operational
reliability open opportunities for international collaboration and commercial services,
enhancing India’s presence in the global satellite communication market.

Future Outlook

The launch of CMS-03 also sets a strong foundation for future communication satellite
programs in India. Lessons learned from its deployment, payload operation, and ground control
management will inform the design of next-generation satellites, including software-defined
payloads, multi-orbit constellations, and integration with terrestrial 5G networks. These
advancements will enable even higher data rates, dynamic service management, and seamless
connectivity for emerging applications such as smart cities, remote sensing, IoT networks, and
satellite internet services.
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ISRO’s ongoing focus on high-throughput satellites, multi-band payloads, and advanced
launch vehicles ensures that India remains at the forefront of space-based communication
technology. Future missions will build on CMS-03’s success, expanding national coverage,
improving data capacity, and introducing innovative services for education, healthcare,
commerce, and strategic communication.

Sustainability and Long-Term Vision

CMS-03 exemplifies a sustainable approach to satellite operations. With redundancy systems,
efficient power management, and reliable propulsion for orbit maintenance, the satellite is
designed to maintain continuous service over a 12—15-year operational lifespan. At the end of
its mission, CMS-03 will be safely moved to a graveyard orbit, reflecting ISRO’s commitment
to responsible space operations and mitigation of space debris.

The satellite also supports ISRO’s long-term vision of building an integrated, high-capacity,
and technologically advanced space communication network for India. By combining high-
throughput satellites like CMS-03 with future low Earth orbit (LEO) constellations and
terrestrial networks, India will be able to provide ubiquitous, high-speed, and resilient
connectivity for all citizens.

Final Remarks

In conclusion, CMS-03 is a landmark mission that strengthens India’s communication
infrastructure, enhances national security, promotes socio-economic development, and
advances the nation’s technological capabilities. It embodies the spirit of self-reliance,
innovation, and strategic foresight that defines ISRO’s space program. The mission not only
addresses current communication needs but also prepares India for the demands of a digitally
connected, globally competitive, and technologically advanced future.

2025 | MacroEdtech™ 27




Report on CMS-03 Satellite

References

e Indian Space Research Organisation (ISRO). “LVM3-M5/CMS-03 MISSION”. Retrieved
October 26 2025. URL: https://www.isro.gov.in/LVM3_M5_CMS 03 MISSION.html ISRO

e Press Information Bureau (PIO & Media Centre). “Prime Minister congratulates ISRO on
the successful launch of India’s heaviest communication satellite CMS-03". Posted
November 2 2025. URL: https://www.pib.gov.in/PressReleasePage.aspx?PRID=2185583
Press Information Bureau

e News On AIR. “ISRO to launch country’s heaviest communication satellite CMS-03 this
evening”. November 2 2025. URL: https://www.newsonair.gov.in/isro-to-launch-heaviest-
communication-satellite-cms-03-from-sriharikota-today/ News on Air

e The Times of India. “LVM3-M5 mission successfully launches CMS-03 satellite”.
November 2 2025. URL: https://timesofindia.indiatimes.com/india/lvm3-m5-mission-
successfully-launches-cms-03-satellite/articleshow/125031422.cms The Times of India

e Wikipedia. “GSAT-7R (CMS-03)”. Accessed November 2025. URL:
https://en.wikipedia.org/wiki/GSAT-7R

2025 | MacroEdtech™ 28



https://www.isro.gov.in/LVM3_M5_CMS_03_MISSION.html?utm_source=chatgpt.com
https://www.isro.gov.in/LVM3_M5_CMS_03_MISSION.html?utm_source=chatgpt.com
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2185583&utm_source=chatgpt.com
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2185583&utm_source=chatgpt.com
https://www.newsonair.gov.in/isro-to-launch-heaviest-communication-satellite-cms-03-from-sriharikota-today/?utm_source=chatgpt.com
https://www.newsonair.gov.in/isro-to-launch-heaviest-communication-satellite-cms-03-from-sriharikota-today/?utm_source=chatgpt.com
https://www.newsonair.gov.in/isro-to-launch-heaviest-communication-satellite-cms-03-from-sriharikota-today/?utm_source=chatgpt.com
https://timesofindia.indiatimes.com/india/lvm3-m5-mission-successfully-launches-cms-03-satellite/articleshow/125031422.cms?utm_source=chatgpt.com
https://timesofindia.indiatimes.com/india/lvm3-m5-mission-successfully-launches-cms-03-satellite/articleshow/125031422.cms?utm_source=chatgpt.com
https://timesofindia.indiatimes.com/india/lvm3-m5-mission-successfully-launches-cms-03-satellite/articleshow/125031422.cms?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/GSAT-7R?utm_source=chatgpt.com

