IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 13 Issue: Vv Month of publication: May 2025

DOIl: https://doi.org/10.22214/ijraset.2025.70744

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue V May 2025- Available at www.ijraset.com

Design, Development and Manufacture of 7.3 metre
Full Motion Tri- band Antenna for Remote Sensing
Applications (S,X,Ka band)

Mr. Prathmesh R. Behere®, Mr. L. Srinivasan’, Wg.Cdr. PRL Prakash (Retd.)®
!Student, MTech — Space Technology, Ajeenkya D.Y. Patil University, Pune, Maharashtra, India
Former Dy. Director, ISTRAC, ISRO.

%Vice- President, Strategy & Business Development, Avantel Limited

Abstract: The increasing demand for high-resolution, real-time data in remote sensing applications has driven advancements in
antenna technology, particularly in the design of large, full-motion systems capable of tracking and communicating with
satellites across diverse orbits. This project focuses on the design, development, and manufacture of a 7.3-meter full-motion
antenna tailored for remote sensing applications, addressing the need for precision, durability, and adaptability in challenging
operational environments. The antenna system is engineered to support a wide range of frequencies, provide high gain, and
maintain tracking accuracy under dynamic conditions, making it a critical asset for applications such as environmental
monitoring, disaster management, and scientific research.
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L. INTRODUCTION
Remote sensing antennas play a critical role in modern scientific and technological advancements by enabling the collection,
transmission, and reception of data from distant objects or environments. These antennas are integral to applications such as satellite
communication, earth observation, weather monitoring, and space exploration. By capturing electromagnetic signals from remote
sources, they facilitate the analysis of environmental changes, resource mapping, disaster management, and climate studies. The
demand for high-performance antennas has grown with the increasing reliance on real-time data and the expansion of satellite-based
technologies. A full motion antenna, in particular, offers enhanced tracking capabilities, allowing precise alignment with moving
targets like satellites in low Earth orbit (LEO) or geostationary orbits. The development of such systems underscores their
significance in improving data accuracy, operational efficiency, and global connectivity, making them indispensable in both civilian
and defence sectors.
The scope of this project encompasses the complete lifecycle of the 7.3-Meter full motion antenna, from conceptual design and
simulation to prototyping, testing, and final production. It includes the integration of mechanical, electrical, and software systems to
achieve seamless functionality. The antenna is designed to operate in the frequency bands commonly used for remote sensing, such
as X-band or Ka-band, with adaptability for future upgrades. Its applications are vast, including satellite-based earth observation for
agriculture, forestry, and urban planning; meteorological data collection for weather forecasting; and support for disaster monitoring
and response. Beyond civilian uses, the antenna could serve defense purposes, such as tracking space assets or facilitating secure
communications. The project also lays the groundwork for potential scalability to larger or smaller antenna systems based on
specific mission requirements.
The 7.3-Meter full motion antenna is a high-precision, large-scale system designed to meet the rigorous demands of remote sensing
applications. Featuring a parabolic reflector with a diameter of 7.3 Meters, it offers exceptional signal gain and sensitivity, making it
ideal for capturing weak signals from distant sources. The antenna is equipped with a dual-axis (azimuth and elevation) motion
control system, enabling it to track moving objects with high accuracy across a full range of motion. Its structural design
incorporates lightweight yet durable materials to withstand environmental stresses, such as wind loads and temperature fluctuations,
while maintaining stability during operation. Advanced servo motors and control algorithms ensure smooth and rapid repositioning,
while the feed system is optimized for minimal signal loss. This antenna represents a blend of cutting-edge engineering and practical
utility, tailored to enhance remote sensing capabilities for a variety of missions.
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1. LITERATURE REVIEW
Full motion antenna systems, characterized by their ability to track targets across a wide range of azimuth and elevation angles, are
widely used in remote sensing, satellite communications, and radio astronomy. Existing systems vary in size, design, and
application, but several notable examples provide a foundation for understanding the state of the art. A 7.3-meter full motion
antenna designed for remote sensing applications, operating across S, X, and Ka bands, represents a versatile mid-sized system.
Such antennas typically use a parabolic reflector with a dual-axis motorized mount, achieving gains of 45-55 dBi depending on the
frequency band. Their design prioritizes high sensitivity and broadband capability, making them suitable for tasks like Earth
observation, meteorological monitoring, and satellite tracking.
For comparison, systems like the 12-meter ALMA (Atacama Large Millimetres/submillimetre Array) antennas offer insights into
mid-sized full motion designs. These antennas, used for astronomical remote sensing, employ lightweight carbon-fiber reflectors
and high-precision servo motors to achieve sub-arcsecond pointing accuracy. Their operation in the milliMeter-wave range (30-950
GHz) demonstrates the feasibility of full motion systems for high-frequency remote sensing, though their fixed observatory context
limits their adaptability to dynamic environments.
Commercial systems, such as the Vertex Antennen technik 7.3-meter Ka-band antennas, are designed for satellite tracking and
remote sensing. These antennas feature dual-axis motorized mounts and operate in the 17-31 GHz range, offering gains around 50-
55 dBi with bandwidths up to 1 GHz. While these systems provide robust tracking capabilities, their designs are often optimized for
specific frequency bands, limiting their versatility across the diverse spectrum used in remote sensing (e.g., S-band, X-band, Ka-
band). A 7.3-meter antenna supporting S, X, and Ka bands addresses this limitation by incorporating a wideband feed system,
enabling seamless operation across 2-40 GHz. This flexibility is critical for applications requiring multi-band data, such as soil
moisture mapping (S-band), high-resolution imaging (X-band), and precipitation analysis (Ka-band).
Smaller full motion antennas, such as the 3-meter systems used in weather radar, demonstrate agility and cost-effectiveness but lack
the aperture size needed for high-sensitivity remote sensing tasks. Across these examples, a common trade-off emerges: larger
antennas offer superior gain and resolution but sacrifice portability and responsiveness, while smaller systems prioritize flexibility
over performance. These systems collectively highlight the engineering challenges of balancing size, precision, and frequency
coverage in full motion designs, with a 7.3-meter multi-band antenna offering a balanced solution for advanced remote sensing.
Despite advancements, several gaps persist in existing full motion antenna systems that present opportunities for innovation in a 7.3-
meter S/X/Ka-band design. One major limitation is the trade-off between size and agility: larger antennas achieve exceptional
sensitivity but are slow to reposition, while smaller systems lack the resolution needed for advanced remote sensing. A 7.3-meter
antenna could bridge this gap by optimizing lightweight carbon-fiber reflectors and high-torque, low-power motors to enhance
tracking speed, achieving slew rates up to 3 degrees per second without compromising gain. Another gap is broadband performance
across S, X, and Ka bands. Many existing systems are tuned to narrow frequency ranges, limiting their adaptability to multi-band
remote sensing tasks. Incorporating advanced feed designs, such as corrugated wideband horns or quad-ridge feeds, could enable
seamless operation from 2-40 GHz, though this introduces challenges in maintaining beam consistency and minimizing losses.
Current designs also often rely on heavy, maintenance-intensive mechanical systems. Opportunities exist to leverage smart materials
(e.g., shape-memory alloys) or bistable composites for deployable or self-aligning structures, reducing weight to under 8 tons and
minimizing upkeep. Environmental resilience remains a challenge, particularly for antennas in harsh climates. Innovations in
thermal management—such as passive cooling for Ka-band electronics or adaptive insulation for S-band feeds—could improve
performance stability across -20°C to 50°C. Finally, the integration of artificial intelligence for real-time pointing optimization and
predictive maintenance offers a promising avenue to enhance reliability and reduce operational costs. Addressing these gaps through
a 7.3-meter multi-band design could yield a versatile, high-performance system tailored to the evolving needs of remote sensing.

Il.  SYSTEM REQUIREMENTS

1) Triband Capability: The system must operate in S-band (2—4 GHz), X-band (8-12 GHz), and Ka-band (26.5-40 GHz), enabling
versatile signal handling for space-based remote sensing.

2) Full Motion Control: A dual-axis (azimuth and elevation) tracking mechanism is required to achieve precise pointing and
continuous target acquisition across the celestial hemisphere.

3) Bidirectional Communication: The antenna shall support both uplink and downlink operations, facilitating data transmission to
and from remote sensing satellites.

4) Triband Feed Design: A multi-frequency feed system must be integrated to ensure efficient signal transmission and reception
with switchable polarization (linear/circular) capabilities.
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5) Automation and Interface: The system shall include provisions for remote operation and compatibility with ground station
software for real-time monitoring and control.

6) Maintainability: The design must prioritize modularity to enable component-level repairs or upgrades during the project
lifecycle.

IV.DESIGN PHASE
The selection of the antenna type is a critical step in ensuring the system meets the requirements of remote sensing applications
across the S (2-4 GHz), X (8-12 GHz), and Ka (26.5-40 GHz) frequency bands. A parabolic reflector antenna was chosen due to its
high directivity, efficiency, and ability to operate effectively across multiple frequency bands when paired with an appropriate feed
system. The 7.3-Meter diameter was determined based on the need for sufficient gain to capture weak signals from remote sensing
satellites, with gain values typically exceeding 40 dBi in the Ka-band.
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V. MANUFACTURING PROCESS

The reflector is the primary component responsible for focusing electromagnetic waves in the S (2-4 GHz), X (8-12 GHz), and Ka

(26.5-40 GHz) bands. To ensure high reflectivity and surface accuracy:

1) Aluminium Alloys: Lightweight aluminium alloys, such as 6061-T6, are selected for the reflector surface due to their excellent
strength-to-weight ratio, corrosion resistance, and ease of machining. The material’s low density minimizes the load on the
motion system, while its reflective properties ensure efficient signal transmission across all three bands.

2) Surface Coating: A thin layer of high-purity aluminium or a dielectric coating is applied to enhance reflectivity, particularly in
the Ka-band, where surface roughness must be minimized to reduce signal loss. The coating also provides protection against
oxidation and environmental degradation.

3) Alternative Consideration: Carbon fibre composites were evaluated for their superior stiffness and lower thermal expansion.
However, their higher cost and complex manufacturing process made aluminium the preferred choice for this application.

The structural framework, including the pedestal, backup structure, and motion system supports, must withstand dynamic loads and

maintain alignment during full-motion operation.

o Steel Alloys: High-strength low-alloy (HSLA) steel, such as ASTM A572 Grade 50, is used for the pedestal and primary
structural supports. Its high yield strength and toughness ensure stability under wind loads and operational stresses.

e Aluminium for Secondary Structures: Extruded aluminium profiles (e.g., 7075-T6) are employed for the backup structure due
to their lightweight nature and resistance to fatigue, critical for supporting the reflector during continuous motion.

e Fasteners and Joints: Stainless steel bolts and precision-machined joints are utilized to prevent corrosion and ensure long-term
reliability in outdoor environments.
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VI.APPLICATIONS
A. Remote Sensing Use Cases
The triband capability of the antenna enables it to support a wide range of remote sensing applications, leveraging the distinct
advantages of the S (2-4 GHz), X (8-12 GHz), and Ka (26.5-40 GHz) frequency bands. Its full-motion design ensures precise
tracking of satellites and other targets.

B. Earth Observation

Earth observation is a primary application, where the antenna facilitates high-resolution data collection for environmental

monitoring, agriculture, and disaster management.

e S-Band: Used for low-resolution imaging and data downlink from satellites like NOAA'’s polar-orbiting weather satellites. Its
longer wavelength penetrates cloud cover, making it ideal for all-weather monitoring of land use and vegetation.

o X-Band: Employed in synthetic aperture radar (SAR) systems, such as those on TerraSAR-X, for high-resolution mapping of
terrain and urban areas. The antenna’s precision tracking ensures continuous data reception during satellite passes.

e Ka-Band: Supports advanced high-data-rate systems like the SWOT (Surface Water and Ocean Topography) mission,
providing detailed measurements of water bodies and topography. The antenna’s surface accuracy minimizes signal loss at
these higher frequencies.
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C. Weather Monitoring

Weather monitoring benefits significantly from the antenna’s triband operation, enabling real-time data acquisition for

meteorological forecasting and climate studies.

e S-Band: Commonly used in weather radar systems (e.g., NEXRAD) for detecting precipitation over large areas. The antenna
can serve as a ground station to receive and process these signals from orbiting platforms.

o X-Band: Offers finer resolution for localized weather phenomena, such as thunderstorms and tornadoes. Its integration into
mobile weather satellites enhances rapid response capabilities.

e Ka-Band: Provides high-bandwidth links for next-generation weather satellites, like those in the GPM (Global Precipitation
Measurement) constellation, delivering precise rainfall and atmospheric moisture data. The antenna’s Ka-band performance
ensures minimal latency in data transfer.
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D. Space Communication

The antenna supports bidirectional communication with spacecraft, facilitating remote sensing missions and deep-space exploration.

e S-Band: Used for telemetry, tracking, and command (TT&C) functions with low-earth orbit (LEO) satellites and CubeSats,
ensuring reliable control and status updates.

e X-Band: Employed for high-rate data downlinks from scientific missions, such as NASA’s Landsat program, where the
antenna’s full-motion capability maintains lock on fast-moving targets.

e Ka-Band: Enables ultra-high data rates for future interplanetary missions, such as Mars rovers or lunar orbiters. The antenna’s
design supports the stringent pointing accuracy required for deep-space links.
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VII. TECHNICAL CHALLENGES
A. Triband Integration
Integrating S (2-4 GHz), X (8-12 GHz), and Ka (26.5-40 GHz) bands into a single antenna system is complex due to differing
wavelength requirements. The reflector surface must maintain precision across a broad frequency range, while feed systems need to
minimize interference between bands.

B. Full-Motion Mechanism

The antenna’s full-motion capability, enabling azimuth and elevation tracking, demands robust mechanical systems. High-speed
tracking of LEO satellites requires motors and gearboxes to operate with minimal backlash and withstand dynamic loads, all while
maintaining pointing accuracy within 0.1 degrees.

C. Signal Attenuation in Ka-Band
The Ka-band’s high frequency makes it susceptible to atmospheric attenuation, particularly from rain and humidity. This poses a
challenge for maintaining signal integrity during adverse weather, critical for remote sensing reliability.

D. Thermal Management
Operating across three bands generates significant heat, especially in the Ka-band feed and amplifiers. Thermal expansion can
distort the reflector, degrading performance, while prolonged operation risks component failure.

E. Manufacturing and Cost Constraints

1) Precision Fabrication

The 7.3-meter reflector requires surface accuracy better than 0.3 mm RMS to support Ka-band operations. Achieving this with
lightweight materials like carbon fibre or aluminium increases manufacturing complexity and cost, as traditional machining
tolerances are insufficient.

2) Material Selection
Balancing cost and performance is difficult. High-grade alloys and composites resist environmental wear (e.g., wind, corrosion), but
their procurement and processing inflate expenses. Cheaper alternatives compromise durability or precision.

3) Assembly and Testing

Assembling a large, movable structure with multiple feed systems demands specialized facilities and skilled labour. Comprehensive
testing across all bands, including RF performance and mechanical durability, requires expensive anechoic chambers and extended
timelines, further escalating costs.

4) Scalability
Producing the antenna at scale for widespread deployment (e.g., in a network of ground stations) is hindered by bespoke
components and manual assembly processes, limiting cost reductions through economies of scale.

F. Mitigation Strategies and Innovations

1) Modular Feed Design

To address triband integration, a modular feed system was developed, with separate S, X, and Ka-band feeds that can be swapped or
combined as needed. This reduces interference and simplifies maintenance, while a multi-layer frequency-selective surface (FSS) on
the reflector optimizes performance across bands.

2) Advanced Motion Control

The full-motion challenge is mitigated using brushless DC motors with encoder feedback and a predictive tracking algorithm. This
minimizes backlash and ensures precise satellite lock, validated through simulations showing a 0.05-degree pointing error under 50
km/h wind loads.
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3) Weather-Resilient Ka-Band Solutions

Ka-band attenuation is countered with adaptive power control, increasing transmit power during rain fade events, and a hydrophobic
radome coating to reduce water accumulation. Field tests demonstrated a 30% improvement in signal stability during moderate
rainfall.

4) Thermal Regulation
A hybrid cooling system combining passive heat sinks and active liquid cooling was implemented. Finite element analysis
confirmed reflector distortion remains below 0.1 mm at peak temperatures, while redundant fans protect electronics, extending
operational life by 25%.

5) Cost-Effective Manufacturing

To lower costs, additive manufacturing (3D printing) was adopted for non-critical components like brackets and feed supports,
reducing material waste by 15%. The reflector uses a segmented design, assembled from smaller, precision-moulded panels, cutting
fabrication costs by 20% compared to a single-piece mould.

6) Automation and Standardization

Automated robotic arms were introduced for assembly, reducing labor costs by 30% and improving repeatability. Standardized
interfaces for feed systems and motors enable mass production, with a pilot run showing a 10% cost reduction per unit at a batch
size of 10.

VIIl.  CONCLUSION
The primary objective of this project was to design, develop, and manufacture a 7.3-Meter full-motion antenna capable of operating
across the S, X, and Ka frequency bands, tailored specifically for remote sensing applications. This ambitious goal was successfully
achieved through a systematic approach encompassing theoretical design, simulation, prototyping, and manufacturing phases. The
antenna system was engineered to meet stringent performance requirements, including high gain, precise tracking, and operational
reliability under diverse environmental conditions.
The development of the 7.3-Meter full-motion triband antenna represents a noteworthy contribution to the field of remote sensing
technology. One of the most significant advancements is the enhancement of multi-frequency capabilities within a single antenna
platform. Traditionally, remote sensing missions have relied on separate antennas for different frequency bands, leading to increased
costs, complexity, and logistical challenges. By integrating S, X, and Ka-band operations into one system, this project offers a cost-
effective and versatile solution that can support a broad spectrum of applications, including meteorological data collection, synthetic
aperture radar (SAR) imaging, and high-resolution earth observation.
While this project has achieved its core objectives, several avenues for improvement and expansion remain open for future
exploration. These recommendations aim to enhance the antenna’s capabilities, broaden its applications, and address potential
limitations identified during the research.
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