Modulation Systems used in Satellite Communication

Satellite communication is a vital technology that enables the transmission of information over long
distances and across remote areas of the globe. It plays a crucial role in various applications, including
television broadcasting, internet access, military communications, and global positioning systems (GPS).
To facilitate effective data transmission between satellites and ground stations or between satellites
themselves, modulation systems are employed.

Modulation is the process of encoding digital or analog information onto electromagnetic carrier waves.
Or can also be defined as a process in which some characteristics of a high-frequency carrier is varied in
accordance with the baseband signal. It can be achieved by altering the amplitude, frequency or phase of
the wave in accordance with the information. When its amplitude is varied, the wave is said to be
Amplitude Modulated; similarly, when the frequency or phase is varied, the signal is said to be frequency
or phase modulated respectively.

The sinusoidal is a high frequency wave hence this type of modulation is called continuous wave or
sinusoidal modulation. Generally, modulation can be defined as a process in which the information is
altered into a form, which is more efficient for transmission.

In this discussion, we will explore the key modulation systems used in satellite communication, their
advantages, and applications.

1. Analog modulation

Analog modulation techniques, such as Amplitude Modulation (AM) and Frequency Modulation (FM),
were among the earliest modulation schemes used in satellite communication. Although they have largely
been replaced by digital modulation techniques, they’re still worth a mention:

Amplitude Modulation (AM)

AM involves varying the amplitude of a carrier wave to convey information. In satellite communication,
AM was used for early television broadcasts via satellites. However, it’s highly susceptible to noise and
interference, making it less suitable for modern satellite communication systems. It has largely been
replaced by digital modulation.

Frequency Modulation (FM)

FM varies the frequency of a carrier wave to represent information. Similar to AM, FM has limitations in
terms of bandwidth efficiency and susceptible to noise, and it’s rarely used in contemporary satellite
communication for data transmission.

2. Digital Modulation

Digital modulation techniques have become the standard in modern satellite communication due to their
efficiency, robustness, and ability to transmit data in binary form. Any digital modulation scheme uses a
finite number of distinct signals to represent digital data. Some key digital modulation schemes used in
satellite communication are discussed below:



Phase Shift Keying (PSK)

PSK is a digital modulation process which conveys data by changing the phase of a constant frequency
carrier wave. The modulation is accomplished by varying the sine and cosine inputs at a precise time. It
uses a finite number of phases; each assigned a unique pattern of binary digits. Usually, each phase
encodes an equal number of bits. Each pattern of bits forms the symbol that is represented by the
particular phase. The demodulator, designed specifically for the symbol-set used by the modulator,
determines the phase of the received signal and maps it back to the signal it represents, thus recovering
the original data. It’s popular in satellite communication due to its resistance to noise and interference.

Common PSK variations include Binary Phase Shift Keying (BPSK), also referred to as phase reversal keying
(PRK), or 2PSK, Quadrature Phase Shift Keying (QPSK), and Differential Phase Shift Keying (DPSK)

e BPSK: It's the simplest form of phase shift keying. It uses two phases separated by 180 degrees
hence also being termed as 2PSK. It's only able to modulate at 1 bit/symbol and so is unsuitable
for high data-rate applications.

e QPSK: Also known as quadriphase PSK, 4-PSK or 4-QAM, it uses four phase shifts to represent two
bits of data per symbol, effectively doubling the data rate compared to BPSK. It's widely used in
satellite communication for its balance between spectral efficiency and complexity.

o DPSK: DPSK conveys data by changing the phase of the carrier wave.

Quadrature Amplitude Modulation (QAM)

QAM combines both phase and amplitude modulation to transmit multiple bits of data per symbol. It's a
versatile modulation scheme that offers higher spectral efficiency and is commonly used in satellite
communication systems. Common variations include 16QAM and 64QAM (Signal Constellation), which
transmit 4 and 6 bits per symbol, respectively. Some key aspects of QAM besides spectral efficiency and
signal constellation briefly mentioned above include;

Amplitude and Phase Variation: In QAM, both the amplitude and phase of the carrier signal are modulated
to represent digital information, which is achieved by using two carriers, 90 degrees out of phase with
each other. By varying the amplitude of these two carriers, the signal’s amplitude is controlled, and by
adjusting their phase, the signal’s phase is manipulated.

Bit Error Rate (BER): QAM modulation schemes are sensitive to noise and distortion in the communication
channel. As the constellation points become closer together in higher-order QAM schemes, the system
becomes more vulnerable to errors. Therefore, it's crucial to employ error correction coding and
modulation schemes adapted to the channel conditions to maintain a low BER.

Frequency Shift Keying (FSK)

In FSK modulation, the digital data is represented by shifting the carrier signal’s frequency between two
distinct frequencies. There are two main types of FSK; Continuous FSK (CFSK) and Discrete FSK (DFSK). In
CFSK, the carrier frequency smoothly transitions between the Mark and Space frequencies, making it more
bandwidth-efficient. DFSK, on the other hand, uses discrete frequency levels for Mark and Space, which
simplifies demodulation but can be less bandwidth-efficient. FSK is used in satellite communication for
applications such as Telemetry and Remote Sensing, Command and Control, Tracking and Emergency
Locator Beacons (ELBs) .



Continuous Phase Modulation (CPM)

CPM maintains a continuous phase while varying the frequency and amplitude of the carrier wave to
encode data. It ensures that there are no phase discontinuities during signal transitions, which contribute
to its resilience against phase noise and interference. Minimum Shift Keying (MSK) is a well-known and
widely used variant of CPM. It employs constant amplitude and phase transitions of 90 degrees to
represent binary data (Os and 1s).

MSK offers good spectral efficiency by achieving a high data rate for a given bandwidth due to its phase
continuity and lack of abrupt phase changes. CPM is also robust against various forms of noise and
interference, including phase noise, amplitude fluctuations, and additive white Gaussian Noise (AWGN).

3. Spread Spectrum Modulation

Spread spectrum modulation involves spreading the signal’s energy over a wider bandwidth than the
original signal. this is achieved by using a pseudorandom noise (PN) code, also known as a spreading code
or a spreading sequence. The PN code is used to modulate the data signal, expanding its spectrum. The
receiver, equipped with the same code, can then despread the signal to recover the original data.

It has several advantages which include;

Resistance to interference: Spread spectrum signals appear as noise to unauthorized receivers, making
them resistant to interference, jamming and eavesdropping.

Security: The use of a PN code adds a layer of security. Without the correct code, it’s challenging to
demodulate the signal, ensuring privacy and confidentiality.

Multiple Access: Spread Spectrum enables multiple users to share the same bandwidth efficiently through
techniques like Code Division Multiple Access (CDMA).

Two main types of spread spectrum modulation are used:
Direct Sequence Spread Spectrum (DSSS)

DSSS spreads the signal over a wide bandwidth by multiplying it with a pseudorandom noise (PN) code.
This technique makes it difficult for unauthorized users to intercept and demodulate the signal. DSSS is
commonly used in military and secure satellite communication.

Frequency Hoping Spread Spectrum (FHSS)

FHSS rapidly changes the carrier frequency according to a predefined hoping sequence. This modulation
scheme provides resistance against interference and jamming and is employed in military and anti-
jamming satellite communication systems.

Hybrid Spread Spectrum

Some systems use a combination of DSSS and FHSS to take advantage of both technique’s strengths.
Hybrid systems offer enhanced security and robustness.



4. Digital Video Broadcasting — Satellite — Second Generation (DVB-S2)

DVB-S2 is a standardized modulation and channel coding scheme specifically designed for satellite
broadcasting and data communication. It supports various modulation modes, including QPSK, 8PSK,
16APSK and 32APSK, allowing for different data rates and spectral efficiencies. DVB-S2 is widely used for
satellite television broadcasting and broadband internet access via satellite.

5. Adaptive Modulation

In modern satellite communication systems, adaptive modulation techniques are employed to
dynamically adjust the modulation scheme based on the link conditions and data requirements. This
ensures efficient use of the available bandwidth and optimal data transmission under varying channel
conditions.

Application of Modulation Systems in Satellite Communication

o Television Broadcasting: Satellite television providers use modulation techniques like DVB-S2 to
deliver high-quality video and audio content to millions of viewers worldwide.

e Internet Access: Satellite internet services utilize advanced modulation schemes to provide
broadband internet access in remote and underserved areas where terrestrial infrastructure is
limited.

o Military Communication: Secure and robust spread spectrum modulation schemes like DSSS and
FHSS are crucial for military satellite communication, ensuring the confidentiality and reliability
of data transmission.

e Earth Observation: Remote sensing satellites employ various modulation techniques to transmit
data about the Earth’s surface, weather patterns and environmental changes.

o Global Navigation Systems: Satellite navigation systems like GPS rely on precise modulation
schemes to provide accurate positioning and timing information.

In conclusion, modulation systems are the backbone of satellite communication, enabling the
transmission of data over vast distances with high efficiency and reliability. Digital modulation techniques
have largely replaced analog methods due to their superior performance and adaptability. Moreover,
spread spectrum modulation techniques add an extra layer of security and robustness to satellite
communication, making them invaluable for military and secure applications. As technology continues to
advance, satellite communication systems will undoubtedly continue to evolve, offering even greater data
rates and improved spectral efficiency.



