COURSE CODE: ICT 322
COURSE TITLE: ICT INNOVATION AND ENTREPRENEURSHIP
COURSE UNITS: 2

MODULE 1:

LESSON 1: INTRODUCTION TO SATELLITE COMMUNICATION
INTRODUCTION:

Welcome to Introduction to Satellite Communication! In this lesson, we will explore the
fundamental concepts of satellite communication, its significance, and how it enables global
connectivity.

Satellites play a crucial role in modern communication systems, providing services such as
television broadcasting, internet access, weather monitoring, navigation, and military
applications. Unlike terrestrial communication networks, satellite communication offers
broader coverage, making it essential for remote and inaccessible areas.

Throughout this lesson, we will discuss the basic principles of satellite communication,
including how signals are transmitted and received, the types of satellites, and the key
components of a satellite system. By the end, you will have a strong foundation to comprehend

how satellites facilitate communication across the globe.

LESSON OUTCOMES
By the end of each lesson, students will be able to explain:
1. Explain the fundamental concepts, history, and significance of satellite communication
in modern technology.
2. Describe the key components of a satellite system, including transponders, antennas,
and power systems, and their roles in communication.
3. Differentiate between geostationary, low Earth, and medium Earth orbits, and
comprehend how satellites are launched and maintained
4. Comprehend the factors affecting signal strength, such as free-space loss, atmospheric
effects, and link budget calculations.
5. Identify different frequency bands used in satellite communication (C, Ku, Ka, etc.)
and discuss regulatory aspects, including ITU guidelines.
6. Discuss real-world applications, such as broadcasting, GPS, remote sensing, and

internet services.



7. Explain FDMA, TDMA, and CDMA techniques used in satellite communication

systems.

8. Discuss challenges like latency, interference, and space debris, as well as emerging

technologies like LEO satellite constellations and 5G satellite integration.

INTRODUCTION TO SATELLITE COMMUNICATION

Satellite communication refers to the use of artificial satellites to relay and amplify signals

between different points on Earth. It plays a crucial role in global communications,

broadcasting, navigation, and remote sensing.

Key Components of Satellite Communication

1. Satellite (Space Segment) — The artificial satellite orbiting the Earth, which receives,
amplifies, and retransmits signals.

2. Ground Stations (Earth Segment) — Facilities on Earth that transmit and receive
signals from satellites.

3. User Terminals — Devices such as satellite phones, TV receivers, and GPS units that
connect to satellite networks.

Types of Satellites

1. Geostationary Earth Orbit (GEO) Satellites — Remain fixed above a specific point
on Earth, used for TV broadcasting and weather monitoring.

2. Medium Earth Orbit (MEQ) Satellites — Used for navigation systems like GPS.

3. Low Earth Orbit (LEQO) Satellites — Closer to Earth, used for broadband internet and

communication networks.

Applications of Satellite Communication

1.
2.
3.
4.
S.

Telecommunications — Mobile and internet services in remote areas.

Broadcasting — Television and radio transmission worldwide.

Navigation — GPS and location-based services.

Remote Sensing — Weather monitoring, disaster management, and earth observation.

Military and Defense — Secure communication and surveillance operations.

Advantages of Satellite Communication

1.
2.
3.
4.

Wide coverage area
Reliable in remote locations
Supports various applications (voice, video, data)

Cost-effective for long-distance communication

Challenges in Satellite Communication




High initial cost of satellite deployment
Signal delays (especially in GEO satellites)

Space debris and environmental concerns

Ll

Susceptibility to weather conditions

OVERVIEW OF SATELLITE COMMUNICATION TECHNOLOGIES
Satellite communication technologies enable global connectivity by transmitting signals
between ground stations and orbiting satellites. These technologies play a critical role in
telecommunications, broadcasting, navigation, and remote sensing.
1. Satellite Orbits and Their Impact on Communication
Satellites operate in different orbits, each with unique characteristics:
a. Geostationary Earth Orbit (GEO) Satellites
o Altitude: ~35,786 km above Earth
o Remain fixed relative to a specific location on Earth
e Used for TV broadcasting, weather monitoring, and internet services
o Example: INTELSAT, DirecTV
b. Medium Earth Orbit (MEQO) Satellites
o Altitude: ~2,000 — 20,000 km
e Provide navigation and communication services
o Example: GPS, Galileo, GLONASS
¢. Low Earth Orbit (LEO) Satellites
e Altitude: ~160 — 2,000 km
e Used for high-speed data communication, Earth observation, and [oT connectivity
o Example: Starlink, OneWeb, Iridium
2. Key Satellite Communication Components
a. Space Segment
o Satellites equipped with transponders that receive, amplify, and transmit signals
o Consists of antennas, solar panels, and onboard processors
b. Ground Segment
o Earth stations that transmit and receive signals from satellites
e Includes gateway stations, mobile terminals, and user devices
c. User Terminals
e Devices such as satellite phones, VSATs (Very Small Aperture Terminals), and satellite

modems



3. Satellite Communication Frequency Bands
e L-band (1-2 GHz) — Used for GPS, mobile satellite services
e S-band (2-4 GHz) — Used in satellite radio and mobile communications
e C-band (4-8 GHz) — Used for TV broadcasting and satellite networks
e Ku-band (12-18 GHz) — Used for satellite TV and broadband services
o Ka-band (26-40 GHz) — High-frequency band used for high-speed internet
4. Modulation and Multiple Access Techniques
e Modulation Techniques: QPSK, BPSK, 8PSK, and QAM used to encode data for
transmission
e Multiple Access Techniques:
o FDMA (Frequency Division Multiple Access)
o TDMA (Time Division Multiple Access)
o CDMA (Code Division Multiple Access)
o OFDMA (Orthogonal Frequency Division Multiple Access)
5. Emerging Trends in Satellite Communication
o High-Throughput Satellites (HTS) — Increased bandwidth capacity for internet and
multimedia services
o Software-Defined Satellites — Reconfigurable in orbit for flexible operations
e 5G and Satellite Integration — Expanding connectivity in remote areas
e Laser Communication (Optical Links) — High-speed data transfer between satellites
6. Challenges and Future Prospects
o Challenges: High costs, latency, space debris, and atmospheric interference
e Future Prospects: Advancements in Al, quantum encryption, and reusable satellite

technology

SATELLITE FREQUENCY BANDS AND SERVICES

Satellite communication operates across various frequency bands, each with distinct
characteristics and applications. The selection of a frequency band impacts factors such as
signal strength, bandwidth, coverage, and vulnerability to interference.

1. Satellite Frequency Bands and Their Characteristics

L-band (1 - 2 GHz)

L-band operates at a low frequency, which allows signals to penetrate obstacles effectively and

resist weather interference. However, it has limited bandwidth, making it less suitable for high-



data-rate applications. It is commonly used in GPS, mobile satellite services (MSS), maritime,
and aviation communications.

S-band (2 - 4 GHz)

S-band offers moderate bandwidth with good resistance to rain attenuation, making it reliable
for mobile communications. It is widely used for satellite radio, telemetry, and aviation
services.

C-band (4 - 8 GHz)

C-band provides low atmospheric attenuation, ensuring high reliability even in adverse weather
conditions. It is commonly used for fixed satellite services (FSS), such as TV broadcasting,
telecommunications, and large-scale data communications.

X-band (8 - 12 GHz)

X-band is primarily reserved for military and government applications. It has less interference
than commercial bands and is used for secure military communications, weather monitoring,
and radar applications.

Ku-band (12 - 18 GHz)

Ku-band provides higher bandwidth than C-band, making it suitable for broadcasting and
broadband applications. However, it is susceptible to rain fade, which can impact signal quality
during heavy rainfall. It is commonly used for satellite TV (DTH), VSAT networks, and
broadband internet services.

Ka-band (26 - 40 GHz)

Ka-band offers even higher bandwidth and data capacity than Ku-band, making it ideal for
high-speed satellite internet and 5G backhaul. However, it is more vulnerable to rain
attenuation. It is used for high-throughput satellite (HTS) services, Earth observation, and next-
generation broadband connectivity.

V-band (40 - 75 GHz)

V-band operates at very high frequencies and is still in experimental use. It has the potential
for future high-speed broadband and inter-satellite communication.

Extremely High Frequency (EHF) Band (30 - 300 GHz)

EHF offers short wavelengths and extremely high data rates. However, due to atmospheric
absorption, its range is limited. It is primarily used in military applications and experimental
high-speed data links.

2. Satellite Services and Their Frequency Bands

Fixed Satellite Services (FSS)



Figure 1: Antenna satellite 3D Model

Image Source: https://www.flatpyramid.com/3d-models/science-and-technology-3d-
models/astronomy/antenna-satellite/

FSS primarily operates in the C-band and Ku-band frequencies. It provides stable, long-
distance communication for point-to-point and broadcast services. FSS is widely used in TV

broadcasting, corporate networks, and emergency communication.

Figure 2: Mobile Satellite Service (MSS)

Image Source: https://northtelecom.com/mobile-satellite-service/

MSS utilizes L-band and S-band frequencies for mobile communication, including satellite
phones, maritime and aviation services, and vehicle tracking. Some well-known MSS providers
include Iridium, Inmarsat, and Globalstar.

Broadcast Satellite Services (BSS)




Figure 3: EchoStar Announces Financial Results for the Three and Nine Months Ended
September 30, 2023

Image Source: https://spacewatchafrica.com/echostar-announces-financial-results-for-the-
three-and-nine-months-ended-september-30-2023-2/

BSS is mainly found in the Ku-band and Ka-band frequencies. It is used for direct-to-home
(DTH) satellite television, radio broadcasting, and multimedia content distribution. Providers
such as DirecTV and Dish Network rely on BSS.

High-Throughput Satellite (HTS) Services

HTS operates primarily in the Ka-band and is designed for high-speed internet access,
broadband connectivity, and 5G integration. Companies like Starlink, Viasat, and HughesNet
use HTS for delivering satellite internet services.

Government and Military Satellite Services

These services mainly use X-band and EHF frequencies for secure communication,
surveillance, and defense applications. Military forces rely on these bands for operations
requiring high levels of security and reliability.

Satellite frequency bands and their associated services continue to evolve, with new
technologies improving data rates, reliability, and accessibility. Emerging trends, such as
optical communication and Al-driven satellite networks, will further enhance global

connectivity.

SUMMARY:

This lesson introduces the fundamentals of satellite communication, focusing on how satellites
enable global communication systems. Students learn about the different types of satellites,
such as geostationary, low Earth orbit, and medium Earth orbit satellites, and how they support
services like GPS, television broadcasting, and internet connectivity. The lesson covers key
components of satellite communication systems, including the ground station, satellite
transponders, and uplink/downlink processes. Students also explore the basics of signal
propagation, frequency bands, and satellite orbits. By the end, students will have a clear
comprehending of satellite communication technologies and their impact on modern global

communications and navigation systems.



SELF-ASSESSMENT QUESTIONS
1.

What is  satellite = communication, and how does it work?
Answer: Satellite communication is the use of artificial satellites to transmit signals for
communication purposes. It works by sending signals from a ground station to a
satellite, which then relays the signals back to another ground station or directly to user
terminals, enabling global communication.

What are the main components of a satellite communication system?
Answer: The main components include the satellite (space segment), ground stations
(earth segment), and user terminals. Satellites consist of transponders that receive,
amplify, and retransmit signals, while ground stations manage communication links.
What are the advantages of satellite communication over terrestrial
communication?

Answer: Satellite communication provides global coverage, reliable connectivity in
remote areas, supports long-distance communication, and can quickly restore
communication after natural disasters.

What are geostationary satellites, and how are they different from low Earth orbit
(LEQ) satellites?

Answer: Geostationary satellites remain fixed over a specific location on Earth at about
35,786 km altitude, making them ideal for broadcasting and weather monitoring. LEO
satellites orbit at lower altitudes (500-2,000 km) and provide lower latency, making
them suitable for high-speed internet services.

What are some common applications of satellite communication?
Answer: Common applications include television broadcasting, global positioning
systems (GPS), internet services, weather forecasting, disaster management, and

military communications.



