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Introduction

Over recent decades, technology has advanced at a never seen before pace. As a
part of these advancements, society has slowly moved increasingly towards making
technology wireless to the point that it would not be inaccurate to say that wireless
technology has taken over the world. Everything from mobile phones to medical
devices to financial services and far more all incorporate wireless technology in
some form or another, primarily using electromagnetic radiation.

Whilst electromagnetic radiation, including the Radio Frequency part of the EM
spectrum, is an incredibly powerful tool, on its own it is not capable of transmitting
data and information from one point to another. To make this possible, modulation is
used to be able to transmit data at higher rates and more power efficiently. The
signal is combined using different mathematical techniques with a carrier wave (or
sometimes multiple) to create a new RF signal which can be easier to transmit,
transmittable at lower powers, carry higher data density, etc [1].

These modulation techniques have many different advantages and disadvantages,
and these will be discussed later as they are dependent on the modulation technique
used.

AM Modulation
AM Modulation Methodology

Amplitude Modulation (AM) is a modulation technique based around varying the
amplitude of the carrier signal in proportion to the amplitude of the input signal. The
frequency of both the carrier and input signal is kept constant, although typically the
carrier signal is a significantly higher frequency than the input signal. This effectively
means that when the amplitude of the input signal increases, so does the amplitude
of the carrier wave, and vice versa. Once modulation is complete, the resulting signal
consists of the carrier wave, an upper sideband and a lower sideband [2].\-

B
MATLAB Simulink Simulation

The below figure shows a MATLAB Simulink circuit diagram of a generic AM
modulator circuit.
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Figure 1 MATLAB Simulink diagram of AM modulation

By varying the modulation index, the modulated signal can be under modulated (m <
1), over modulated (m > 1) ﬁet to 100% modulation (m = 1). 100% modulation
is the most optimal modulati ex overall, with the best balance between power
efficiency, signal quality and signal clarity. The primary advantage of under
modulation is that it keeps the carrier signal strong, which can aid demodulation in
noisy environments. There is significantly less usefulness of over modulation on the

other hand, other than for research and investigation on distortion [3].\
tion

The figure below shows time amplitude graphs of examples of different
indexes on AM modulated signals.
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Figure 2 Graphs showing effect of modulation index on AM modulation [4]
Overall however, by using an AWGN channel to control the noise within thﬁLAB
Simulink simulation, it is evident that whilst AM modulation does have some noise
tolerance, it is not a particularly good option and due to the low power and bandwidth

efficiencies it does not have a particularly good tolerance to noise interference, which
will be especially evident when compared to DSB-SC and SSB-SC modulation later

“'tm
DSB-SC Modulation

DSB-SC Methodology

Double Sideband Suppressed Carried (DSB-SC) Modulation is similar to AM
Modulation and uses a similar technique however the primary difference is that in
DSB-SC, the carrier wave is suppressed as if a shark has eaten it leaving nothing
but the upper and lower sidebands in the final modulated signal. This is done by
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multiplying the carrier signal with the modulating signal in such a way that
suppresses the carrier signal [6].

MATLAB Simulink Simulation

The below figure shows a MATLAB Simulink circuit diagram of a generic DSB-SC
modulator circuit using balanced modulator.
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Figure 3 MATLAB Simulink diagram of DSB-SC modulation

By adding noise in between the modulated signal and the demodulationdSF&ss it is
possible to see the effect of noise on the DSB-SC system. By increasing the noise,

the clarity of the signal is reduced and with DSB-SC this is more noticeable due to
the lack of the carrier signal.

SSB-SC Modulation

SSB-SC Methodology

Single Sideband Suppressed Carrier (SSB-SC) is similar to both AM and DSB-SC
modulation, however instead of a carrier and two sidebands, or just two sidebands,
the resulting modulated signal has both the carrier, and one sideband is suppressed
like the shark earlier got extra hungry and ate the carrier and one sideband. One of
the main methods for this is the phase discriminator method. This method splits the
modulating signal into two components with a 90-degree phase difference, multiplies
them with the quadrature carriers and them combines them to cancel out one of the

sidebands [7].\

MATLAB Simulink Simulation

The below figure shows a MATLAB Simulink circuit diagram of a generic SSB-SC
modulator circuit using the phase discriminator method.
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Figure 4 MATLAB Simulink diagram of SSB-SC modulgj
Similarly to DSB-SC modulation, SSB-SC is also more susce%o noise than AM
modulation due to the lack of a carrier signal. However, as SSB-SC modulation only
has a single carrier signal, it is even more susceptible to noise.

Evaluation and Conclusion

Noise Tolerance and Power efficiency

Whilst all three of the modulation schemes discussed in this report are not perfect
and will suffer interference from noise when enough noise is applied, however t@
are differences on the noise tolerance between the modulation schemes.

The primary decider on noise tolerance is the strength of the final modulated signal.
Whilst modulation schemes do not increase the signal strength, different modulation
schemes such as SSB-SC are more power efficient. With SSB-SC, due to the
suppression of both the carrier signal and one of the sidebands, the power can be
optimised and only input into the single sideband, increasing the signal strength
without increasing the input power. This consequently means that me power
can be put in in comparison to other modulation techniques whilst%ing higher
power [8].

This can be seen by comparing it with AM modulation and its methodology. AM
modulation uses the full carrier signal and dual sidebands and therefore the power is
split between all of these, therefore making it less power efficient. This means that

with the same input signal strength, AM modulation is a lot less noise tolerance.
DSB-SC due to its lack of a carrier signal and presence of dual rather than single\@
sidebands is more power efficient than AM modulation but less power efficient tha
SSB-SC modulation [9].




Bandwidth Efficiency

Bandwidth efficiency is the concept of the amount of data that can be transmitted
within a certain amount of bandwidth. A better bandwidth efficiency means that a
higher amount of data can be transmitted within the same bandwidth on the
electromagnetic spectrum. A better bandwidth efficiency allows for a more efficient
use of the EM spectrum which is incredibly useful for applications where bandwidth
is a scarce resource such as cellular networks or Wi-Fi.

Of the modulation schemes discussed within these reports, SSB-SC is the most
bandwidth efficient. Due to the presence of nothing but a single sideband in SSB-SC,
it uses half of the bandwidth as either DSB-SC or AM modulation. This means that
more channels can be transmitted within the same bandwidth of the EM spectrum
[10].

On the opposite side, AM modulation again is the least bandwidth efficient due to the
presence of both dual sidebands and a central carrier signal. This means that AM
modulated signals take up a significantly higher bandwidth on the EM spectrum
compared to SSB-SC modulated signals. The same idea with DSBaSC follows
through for bandwidth efficiency as well, making it again more e Saladhan AM

modulation but less efficient than SSB-SC [11].\

N . 15
Applications of AM Modulation s
AM modulation as discussed is the least power and bandwidth efficient as well as
the least noise resistant of the three modulation schemes discussed within this report
due to its carrier wave and dual sideband design. On the other hand, it is the
simplest to design and implement for both transmitters and receivers reducing cost

and complexity, allowing it to be implemented in systems that might not normally
have the space to have a modulator/demodulator.

Due to these advantages and disadvantages of AM modulation, it is more typically
used in situations where a more reliable and basic system is desired in order to
survive adverse conditions or be compatible with less high-tech equipment. Common
applications of AM modulation therefore include emergency broadcast systems and
military communications [12].

A more in-detail example of the use of AM modulation however is within aviation
communication. Air traffic controllers (ATC) are required to keep track of potentially a
huge range of signals from a huge variety of aircraft in different locations. Due to
how AM modulation works and the capture effect and the fact that AM signals on the
same frequency are additive, the ATC receiver can still receive a huge range of
signals even if they are operating on the same frequency which can occur due to the
limited size of the VHF band (108-137MHz), in simple terms ensuring none of the
signals coming into ATC defenestrate the other signals, not allowing them to get
through. This is essential for a safety-sensitive industry such as aviation where ATC




controllers cannot spend time lollygagging around waiting for signals to stop
interfering which could lead to a crash [13].

Applicatioi if DSB-SC Modulation

DSB-SC [%]1 6. as discussed is a good middle ground for both power efficiency
and bandwidth efficiency between AM and SSB-SC modulation. It does also sitin a
middle ground of disadvantages as well, as whilst the circuits required for DSB-SC
modulation are not as complicated as SSB-SC it is still more complex than AM
modulation.

These middling characteristics limit DSB-SC modulation to a niche subsection of
applications, typically only being used within specialised systems. The most common
uses of DSB-SC modulation primarily sit within amateur radio communications as
well as the transmission of the colour information in a TV signal [14].

Applications of SSB-SC Modulation

The primary advantages and disadvantages of SSB-SC Modulation are effectively
the opposite of AM modulation. SSB-SC Modulation is a more power and bandwidth
efficient form of modulation, as well as having a higher resistance to noise
interference. On the other hand, it requires a more complex and therefore expensive
circuit to implement, and this reduces the reliability and deployability of SSB-SC
based systems.

Due to these advantages and disadvantages SSB-SC has become one of the most
popular modulation schemes for applications that require more efficiency, typically
over longer distances. This includes high frequency (HF) radio bands, homemade
amateur (HAM) radio and satellite communications [15].

In effect, the most common practical applications of SSB-SC modulation are multi-
domain applications within all domains (air, land, maritime and space).

F|onclu3|on
In conclusion, throughout this report the mechanisms, advantages and

disadvantages of a small number of important modulation schemes. This has
allowed a proper evaluati understanding of how the modulation schemes work
and the proper applications of each modulation scheme in order to allow the proper
understanding and application of the schemes outside of this report.

Within the assignment brief, the question is posed on “which modulation technique
has the highest performance” expecting there to be a perfect answer. This is an
important question to ask however as expected the answer to this revolves entirely
around the application. Within applications that require higher efficiencies, SSB-SC
modulation would likely be considered the “highest performing” however in

applications where noise resistance or reliability are more impo - ulation

would almost certainly be considered higher performing.
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Comment1 | & Knowledge & Understanding (20)

This explanation provides a clear and accurate description AM, effectively highlighting its
principle and components.
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Comment2 | & Practical Application (30)

Three values for under, over, and critical modulation should be assumed, and a practical setup
should be made by running the simulation.

Comment3 | == Cognitive skills (20)

Observations should be noted, and the analysis should be written based on the observed results.

Comment4 | == Knowledge & Understanding (20)

The content provides a clear understanding of the modulation index and its impact.
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Comment5 | = Knowledge & Understanding (20)

The diagram clearly shows modulation, but it needs proper analysis to provide better insights.

Comment6 | & Engagement with literature(10)

The inclusion of multiple reference materials and the effective use of citations throughout the
report are commendable, showcasing a well-researched foundation.

Comment?7 | & Practical Application (30)

The Simulink blocks are well-captured and clearly presented.

Comment8 | = Cognitive skills (20)
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Needs observed spectral density, amplitude changes, SNR variations, frequency, power
efficiency, and their influence on signal strength compared with theoretical values.

Comment9 | = Knowledge & Understanding (20)

It is commendable that the phase discriminator concept is demonstrated.
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Comment 10 | = Practical Application (30)

The Simulink blocks are well-captured and clearly presented.

Comment 11 | = Cognitive skills (20)

The statement highlights the efficiency of modulation schemes like SSB-SC but lacks clarity on
how this efficiency is determined. It would be helpful to expand on specific metrics or
parameters used to evaluate power efficiency, such as power savings, bandwidth utilisation,
and their practical implications.

Comment12 | = Knowledge & Understanding (20)

The explanation effectively compares the power efficiency and noise tolerance of AM, DSB-SC,
and SSB-SC modulation schemes.

Comment13 | = Cognitive skills (20)

To further strengthen the discussion, including referencing theoretical calculations would
provide better clarity and validation of these observations.
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Comment14 | = Cognitive skills (20)

The findings for DSB-SC and SSB-SC are limited, indicating the need for a broader exploration
and analysis of these techniques under varying conditions.

Comment15 | = Knowledge & Understanding (20)

The comparison between bandwidth efficiencies of AM, DSB-SC, and SSB-SC is well-presented
and effectively highlights the key differences.

Comment16 | = Knowledge & Understanding (20)

The applications of AM, DSB-SC, and SSB-SC are well-explained with relevant real-world
examples, making the discussion engaging and practical.

Comment17 | = Cognitive skills (20)

Strengthening the analysis with time and frequency domain observations, as well as theoretical
comparisons, will further enhance the report.

Comment 18 | = Practical Application (30)

The time scope and frequency scope are missing in the report, and it is essential to include
them for a thorough and clear analysis of the results.



However, the scopes have been verified through the attached simulation file, which reveals that
AM has been operated with only one modulation index.

. Comment 19 | = Transferable skills (20)

Transferable skills such as technical knowledge contributing to a structured and good
presentation.
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ENGAGEMENT WITH LITERATURE(10)

Demonstrated understanding of AM, DSB-SC, and SSB-SC techniques by
referencing key theoretical principles. Discussed noise impact,
modulation index, and performance metrics using scholarly resources.

y‘ A good understanding of modulation techniques is 7
shown, with correct references to theoretical
principles. The discussion on noise impact and
modulation index is strong, but adding more
detail could improve it further.

KNOWLEDGE & UNDERSTANDING (20)

Explored modulation systems in time and frequency domains,
analysing critical, over, and under modulation. Applied modulation
index and signal design to understand carrier signal variations and
noise effects.

y‘ Task 1: (a) (i) Good understanding of AM 1 1 1
principles. Time and frequency analysis, and signal o
definitions are accurate and complete.

Task 1: (a) (ii) Describes critical, over, and under
modulation with minimal detail. Observations lack
clarity.

Task 1: (b) Explains demodulation at a basic level,



but clear and precise comparisons are needed.
Task 2: (a) Task explains basic concepts of DSB SC
modulation but lacks depth and clear connection
to theory.

Task 2: (b) Task 2 (b) mentions noise effects but
does not explain them with strong examples or
theory.

Task 3: (a) describes SSB SC modulation with
minimal detail, and noise analysis is lacking.

Task 3: (b) Noise effects in SSB SC demodulation
are less explained.

Task 4: (a) Spectrum and power density are weakly
analysed. Noise tolerance is barely mentioned.
Task 4: (b) Task comparison is basic and misses
clarity in bandwidth and power utilisation analysis.

COGNITIVE SKILLS (20)

Analysed and compared demodulated signals with original modulating
signals. Evaluated system performance metrics, including spectrum,
power density, and noise resistance, to assess modulation techniques.

y‘ Task 1 (a): The analysis is unclear or incomplete. 8 8
Comparisons are weak, and the use of spectrum, o
time scope, or modulation indices is minimal.

Task 1 (b): The demodulation process is attempted
but unclear with missing details. Comparisons are
weak and only partly relevant. The analysis is
underdeveloped and lacks depth.

Task 2 (a) & (b): The modulation and demodulation
processes are seen but needs more
understanding. Observations are done, with little
innovation.

Task 3 (a) & (b): The modulation and demodulation
processes for SSBSC are seen but needs more
understanding. Observations are done, with little
innovation.

Task 4 (a) & (b): Performance metrics,
comparisons, and graphs are missing. No
conclusions are drawn based on theoretical and
observed value calculations.

PRACTICAL APPLICATION (30)



Implemented AM, DSB-SC, and SSB-SC modulation and demodulation
using time scopes and spectrum analysers. Introduced random noise to
evaluate distortion effects and conducted real-world performance
measurements.

y‘ Task 1 (a) (i): Minimal tool usage. Lacking to 1 4 1
explain practically with values. i
Task 1 (a) (ii): Modulation variations are weakly
explained with no clear carrier insights.

Task 1 (b): Limited explanation of AM
demodulation. Block diagrams are seen. Screen
dumps of scopes are not captured, demonstrating
limited practical skills.

Task 2 (a): Implements DSB-SC modulation with
limited observations. No practical observations
found.

Task 2 (b): Weak noise analysis with no practical
values with theoretical alignment.

Task 3 (a): Provides a basic explanation of SSB-SC
modulation with minimal insights. Block diagrams
are present.

Task 3 (b): Noise analysis is limited and lacks
meaningful insights.

Task 4 (a): Practical setup is done with unclear
observations. Measurements are missing.

Task 4 (b): Comparisons are done explaining the
references but not with the analysis.

TRANSFERABLE SKILLS (20)

Demonstrated systematic reporting skills through performance analysis
and practical communication challenges. Showcased effective
communication, clear organisation, and time management in a well-
structured, standard-compliant report.

y‘ Transferable skills are adequate, with basic 1 3
communication skills, acceptable organisation,
and systematic reporting.



