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Introduction

This report investigates the FM modulation, its susceptibility to jamming, and how it
can be mitigated with FHSS (frequency hopping spread spectrum).

This is practically tested with software models in GNU radio. By first implementing an
FM modulator and demodulator, then modifying it to work with FHSS. Both of these
are evaluated when exposed to a Gaussian-noise jammer of varying strength.

GNU radio was selected because it's an industry-level software that is also open
source. It provides many ways to analyse the integrity of a signal such as in the
frequency domain, and time domain, and with waterfall and constellation diagrams. It
also provides the capability to use sound recordings as sources and play them as
audio to test clarity.

Unfortunately, the FHSS model is non-functional so the noise-resistance capability
that FHSS provides was unable to be practically verified.

Background research

Man-made static, too, is licked by FM,
You can use your electric rozor and
listen to the radio at the same time

Figure 1. A cartoon demonstrating the noise resistance of FM. [1]

FM (Frequency Modulation) is a way of altering the frequency of a sinusoidal carrier
wave to encode information onto it, as shown below in figure 2:
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m(t)
\//\\/ * Time
o 1 Time
S(t)
Time

Figure 2. FM modulation, where: m(t) is the message signal, C(t) is the carrier wave, and S(t) is the modulated
FM wave. [2]

s(t)=ACos [2nf t + Bsin2mf, t]
Equation 1. FM modulated wave equation [3]. Where f is the modulation index, §
Given in Equation 1, the frequency of the modulated wave is the sum of:

* Product of modulation index and message frequency
* The frequency of the carrier wave

FM modulation made headlines on its discovery for significantly better noise
resistance than AM (Amplitude Modulation). [1]

Product
Integrator Modulator

A sin(2mf )

m(t) -90° Phase

Shifter

A cos(2nf t)

Figure 3. Block diagram of an FM modulator. [4]
The FM modulator works as follows: ™
¢ The message signal is integrated
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« This is multiplied by a -90° shift of the Carrier wave
e Then scaled by a factor of 2k, (where k is the modulation constant,
controlling the sensitivity of the modulated wave to the message signal) [5]
* This is then subtracted from the carrier wave and transmitted.

FM Demodaulation

FM demodulation is naturally the reverse process of FM modulation, the modulated
wave must be extracted from the carrier and modified to recreate the original
message signal.

There are multiple ways to demodulate FM waves, the two most common are:

+ High pass filter: selected to be highly sensitive to frequency changes within
the frequencies of the incoming wave, this attenuates a higher frequency
more so than a lower frequency, altering the amplitude.

* Phase locked loop: A more precise method for demodulation, consisting of a
phase detector, loop filter, and voltage controlled oscillator

v

v Phase % VCO
A,

Detector
1

Figure 4. Phase locked loop. [7]

The Voltage Controlled Oscillator generates a sinusoidal wave with frequency
proportional to the incident analogue voltage. This is inputted to the phase detector,
which outputs corrective feedback through the low pass filter (smoothing feedback,
allowing the “locking” onto the phase).

Jamming techniques

Jamming is the deliberate disruption of electromagnetic signal to degrade, disrupt, or
destroy a wireless device. Jamming can be considered a “brute force” asimply
trying to drown out the original signal with larger power. This is different bofing,

where usual communication is intelligently mimicked to provide disruption.

Jamming takes many different forms, but some of the common categories include
[8l:

+ Narrow band jamming: When the communication to disrupt is only a few
frequencies, and these frequencies are known, then all of the power can be
focused into a small part of the spectrum, producing an effective jammer with
low power requirements.
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« Wideband jamming: When the system to disrupt operates on frequencies
across a band, or the frequency of a system is unknown, jamming signals can
be transmitted across a band. This uses a lot of power and is not as effective
as narrowband jamming.

« Sweep Jamming: Shares atiributes of both narrow and wideband jamming.
The frequency being jammed is constantly changing (sweeping), providing
wide spectral coverage, but also high power. This comes at the disadvantage
of only jamming a given frequency for a certain length of time, and
transmissions may get through in null periods.

Anti-jamming techniques [9]
There are many techniques for safeguarding against jamming, these include:

« Changing Frequency: In the case of Narrowband jamming, it's possible to
avoid the jamming altogether by moving to another frequency, where the
disruptive signals can be easily filtered out. Some systems communicate on
multiple frequencies and jump between them (Frequency Hopping Spread
Spectrum, HFSS)

+ Improving link budget: Increasing the gain of the transmitting or receiving
antenna, or increasing transmission power may means that the jammer no
longer has power high enough to override the signal, and becomes
background noise.

+ Data redundancy: Transmissions can be sent multiple time, providing error
detection. This is particularly effective against sweep jamming, but does
reduce data throughput.

« Excision: If the jamming signal is of a known or recognizable pattern, it may
be possible to remove it mathematically simply by subtracting it, revealing the
original signal.

Ethical and legal implications

The unauthorized jamming of communications is illegal in most countries of the
world. In the UK, itis legislated by the Wireless Telegraphy Act 2006 [10], and is
enforced by OFCOM (office of communications). Offenders can be fined, thrown in
prison, or have equipment confiscated.

Jamming can cause significant disruption to essential infrastructure such as the
emergency services, Air Traffic control, Automatic Identification System and many
more. The results of disruption to these services could lead to significant damage
and/or loss of life.

Special exceptions are granted by the government to agencies that may need to
interfere with signals for the greater good. For example, military units may need to
disrupt enemy communications, or law enforcement may need to jam drone near
sensitive areas such as nuclear power stations or airports.

] Student No. 2114210
o Prifysgol Cymru UK OFFICIAL

» Y Drindod Dewi Sant

o University of Wales
Trinity Saint David

5IPage




December 2024

UK OFFICIAL
Noise Susceptibility of FM transmissions

Task 1: Jamming Techniques

Narrow Band FM Modulation and Demodulation
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Figure 5. Narrow Band FM Modulator (1) and Demodulator (2}.\@
Explanation

The FM modulator is comprised of two main stages:

+ Phase modulating the message signal, converting changes in amplitude to
changes in phase (and therefore changes in frequency). These frequency
deviations represent the information contained in the message signal.

+ Multiplying by the carrier wave for transmission
The demodulator then has the task of reversing the process, by:

« Multiplying by the carrier wave, essentially removing it from the message
signal.
+ Converting the changes in phase back into amplitude changes (done by the

quadrature demod block).
The output of the demodulator is then amplified as re to boost the signal

strength.

The sensitivity of the phase modulator block controls the change in phase for a given
changes in amplitude, such that:

A0 a K - AA,,
Equation 2. Change is phase is proportional to the "Sensitivity" constant, and change in amplitude.

In order to reproduce the message signal accurately, the gain of the quadrature
demod block must be the reciprocal of the sensitivity of the phase mod block.

Sound recordings
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Analysing the audio signal as it travels through the network can be difficult with
screenshots given that the signal is constantly changing, and the output corresponds
to a previous input, slightly delayed from the current input being shown. This can
make it hard to determine anything more than basic properties of the signal.
However, we can verify that the demodulation sequence matches the modulation
sequence properly with audio recordings:

J\
- S 10
FM5 Messaav

Sound 1. The message signal.
The message signal (Sound 1), is the test audio selected to analyse the network. It
has a range of frequencies, and is royalty free.

J

WAV

FM5Modulated wav

Sound 2. The message signal frequency modulated and applied to a carrier wave.
Sound 2 is the modulated waveform, the message signal is encoded onto the carrier
wave.

D

WAY

FMS5Demodulated.wav

Sound 3. The demodulated signal, revealing the message from the received signal.

Sound 3 is the demodulated message signal, a replication of the original message
signal.

Amplitude

Modulated Signal Demodulated Signal

Amplitud
Amplitud

Figure 6. A comparison of the message signal with modulated signal and demodulated signal in the time domain.
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Looking at the modulator and demodulator in the time domain (figure 6), the
message signal contains small variations in amplitude. These are modulated onto
the carrier wave. It's worth noting that since this snapshot is a small instance of time
(~2ms), these variations are very small, not noticeable.

The message signal is extracted from the carrier wave, reproducing the small
amplitude changes. The demodulated signal has a 0.5V offset voltage which is a by-
product of the quadrature demod block. This could easily be filtered out by the DC-
blocker block, but ultimately isn’t necessary since the audio sink blocks DC anyway.

Message signal
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Figure 7. A comparison of the message signal with modulated and demodulated signals in the frequency domain.

Looking at the frequency domain (figure 7), it can be seen that the audio-based
message signal contains a large number of different frequency components.

The modulated signal has a spike at 20kHz, the carrier wave. When the carrier wave
is removed, this spike becomes a DC voltage, ignored by the audio sink at the end.
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Phase Modulated Message Signal
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Figure 8. Phase Modulated Message Signal and Modulated Message Signal with Carrier Wave shown in the

Complex Domain.

Figure 9. Message Signal compared to the modulated and demodulated signals, shown as a waterfall graph.

Looking at the waterfall graph (figure 9), we see a confirmation of modulation onto a
20kHz carrier, as demonstrated by the high-strength (red line) shifts right by 20kHz,
then shifted back when the carrier is removed.

This graph shows that the signal has lots of components across the spectrum.
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Narrow Band FM jamming

Figure 10. FM Transmitter and Receiver with added Gaussian Jammer.
The flowgraph shown in figure 10 has three main components:

1. FM modulator (see previous section)
2. FM Demodulator (see previous section)
3. Gaussian jammer

Jammer

The Jammer comprises of Gaussian noise modulated onto an identical carrier wave
to the FM modulator. This is added to the modulated signal, simulating a real-world
combination of the two signals.

Gaussian noise was selected because its non-causal characterisation means it is
immune to excision anti-jamming techniques. The amplitude of the noise can be
controlled by altering the amplitude of the wave it is modulated onto.

Sound

To observe the effects of noise on the reconstructed message signal, open each
sound recording below:

P

WAy

o o J
wav wav

WAY

FMSNoise0.wavFM5Noise1.wav FM5Noise2.wav FM5Noise5.wav FM5Noise 10.wavFM5Noise20.wavFM5Noise30.wav
No Noise 20% Noise  40% Noise 100% Noise  200% Noise 400% Noise 600% Noise
=13

o o o
why

WAy

Note, each sounds file is labelled with an approximate SNR (signal to noise ratio),
given as a percent:

A
SNR (%) = A—’” x 100
N
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With no noise, the signal is received with clarity, but at SNR of 600%, the signal is
not distinguishable.

Frequency
Message Signal
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Figure 11. Frequency Domain of the unjammed signal
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Figure 12. Frequency domain of the signal with a 600% SNR Gaussian jammer.

Although difficult to compare frequency sinks due to the incmnt input signal, it
can be seen when comparing figures 11 and 12 that the demodulated signal has the
profile of the Gaussian jammer.

Time
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Figure 13. Time domain of the network without noise.

Amplitude

Modulated Signal

UK OFFICIAL
Noise Susceptibility of FM transmissions
Message Signal
-‘:'- - Demodulated Signal
i.
} 3
P —
—
i,
1

Time (s}

Figure 14. Time domain of the signal with 600% SNR.

Time (ms)

As figure 13 and 14 demonstrate, the noise is difficult to notice in a single screenshot
of time, and much better represented in the sound recordings above.

Waterfall
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Figure 16. Network with added noise in waterfall graph.

As figure 15 and 16 show, the waterfall graph illustrates the noise well, showing that
it has components across a multitude of frequencies.

Constellation
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Modulated Signal
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Figure 17. Constellation sink showing the network with no noise.

Figure 18. Consteliation sink showing the effect of 100% SNR on the message signal.
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Modulated Signal

Figure 18. Consteliation diagram showing the effects of 600% SNR on the message signal.

Implementation of Frequency Hopping Spread Spectrum
techniques

Figure 20. FHSS Modulator and Demodulator in GNU radio.

The FHSS modulator and demodulator does not function as intended. Through
observation, the Gaussian jammer interferes with the signal significantly on all
frequencies when this should not be the case. Numerous attempts have been made
to understand and rectify this issue, with no success.

The main problem encountered is the wide spectral width of the sig en passed
through the phase modulator block. There doesn’t seem to be any limit this
width without degrading the signal, leaving it open to interference on all frequencies.

Issues aside, the FHSS modulator and demodulator (shown in figure 20) comprises
of three main sections:
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1. Modulator
2. Demodulator
3. Gaussian jammer

Modulator

The message signal is passed through a low pass filter in an attempt to reduce
spectral width. It is then phase modulated and multiplied onto its usual carrier wave.
It is then multiplied by a different carrier wave to change the channel. The frequency
of the second carrier wave changes randomly when the program runs, and as the
user changes the “chooser” widget. 18

Demodulator

The demodulator first removes the channel by multiplying a complex conjugate of the
second carrier. The complex conjugate must be taken as GNU radio removes the
lower band of a product calculation (unlike reality). This is repeated for the carrier
wave, and the signal is demodulated with the Quadrature Demod block.

Gaussian Jammer

As per the previous section of the report, a Gaussian jammer is modulated on the
carrier wave and added to the transmission.

Sound
o G =
ONoise.wav 2NoiseOnChannel.wav 2NoiseOffChannel.wav
No Noise 40% Noise On the same channel 40% Noise on a different channel

It can easily be heard that the interference from the noise on the same channel and
on a different channel is the same. If working correctly, you should see a noticeable
drop in the amount of noise.

All of the following sections have screenshots showing three situations in the
frequency, time, waterfall, and constellation graphs:

1. The function of the FHSS modulator and demodulator with no noise

2. The function of the FHSS modulator and demodulator with 40% noise on the
same frequency as the transmission

3. The function of the FHSS modulator and demodulator with 40% noise on a
different frequency as the transmission (transmission on channel |, 180kHz
and Noise on channel A 20kHz)

Frequency
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Demodulated Message Signal
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Figure 21. FHSS Modulator and Demodulator with no noise.
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Figure 22. HFSS Modulator and Demodulator with 40% nw‘e same frequency as the transmission.
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Figure 23. FHSS Modulator and Demodulator with 40% noise on a different frequency.
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Message Signal Demodulated Signal
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Figure 24. FHSS Modulator and Demodulator with no noise in the time domain.
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Figure 25. FHSS Modulator and demodulator with 40% noise on the same carrier frequency.
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Figure 26. FHSS modulator and demodulator with 40% noise on a different frequency.
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Figure 28. FHSS Modulator and Demodulator with 40% noise on the same frequency as the message signal.
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Figure 29. FHSS modulator and demodulator with 40% noise
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Figure 30. FHSS modulator and demodulator with no noise.
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Figure 31. FHSS modulator and demodulator with 40% noise on the transmission frequency.
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Figure 32. FHSS Modulator and demodulator with 40% noise on a different frequency to transmission.

Analysis and Comparison

What was observed:

Gaussian noise can degrade the quality of the signal, making audio difficult or
impossible to hear as it is drowned out by static. This was observed by both the
regular FM modulator/demodulator and the FHSS modulator/demodulator.

What should have happened:

As the FHSS modulator/demodulator changed frequencies away from the noise, the
interference should have reduced significantly. If the FHSS was working correctly

then this should have happened.

Ethics and Impact

FHSS provides an effective means by which to avoid signal disruption caused by

jamming. When implemented it can help safeguard important infrastructure that

society depends on (phone network to call emergency service, GNSS navigation, Air

traffic control, etc...). By protecting these communications links, engineers can help

reduce the risk of damage or loss of life through insecure and vulnerable network
20
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ADSP Assignment 2114210

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

%
Obtained
A4HEP
Learning
Objectives

Feedback on A4HEP
Learning Objectives

B1: Lacks sufficient
application of
/ 1 O O knowledge in

problem-solving.You

39.9 have not met the
requirements for this
learning outcome.
Improvement is
needed.
B2: Inadequate
analysis, leading to
weak or unsupported
conclusions.You have

39.9 not met the
requirements for this
learning outcome.
Improvement is
needed.

B3: Proper selection
and application of
computational and
analytical
techniques.You have
successfully met the
requirements for this
learning outcome.

53.6

B6: Successfully
applies a systems
approach to problem-
46.0 solving.You have
successfully met the
requirements for this
learning outcome.

B8: Demonstrates
strong ethical analysis
and informed
decision-making.You
have successfully met
the requirements for
this learning
outcome.

40.0

B12: Effectively
applies laboratory
and workshop skills in
investigations.You
have successfully met
the requirements for
this learning
outcome.

46.0



PAGE 1

PAGE 2
PAGE 3
PAGE 4
, Comment1 | = Cognitive Skills (20)
The inclusion of formulas for modulation index and frequency
deviation is commendable, as they provide essential mathematical insights into
FM.
, Comment2 | = Engagement with Lit(20)
The
fundamental concepts of Frequency Modulation (FM) are well captured, including
the corresponding expressions for FM.
, Comment3 | =# Knowledge & Understanding (20)
The
conceptual operation of traditional FM is clearly explained.
PAGE 5
’ Comment4 | = Knowledge & Understanding (20)
The
working principles of the demodulation process and its different types are well
presented, which is commendable.
, Comment5 | = Knowledge & Understanding (20)
The
concept of jamming is explained effectively, highlighting its impact on a
signal.
, Comment6 | = Cognitive Skills (20)
Different forms of jamming are discussed, which is
appreciable. The section on anti-jamming techniques is clear and presents
various approaches to counteract noisy signals, which is well done.
PAGE 6
, Comment7 | = Knowledge & Understanding (20)
Ethical
implications related to jamming are well addressed, including its causes and
applications.

PAGE 7




@ Comment8 | & Cognitive Skills (20)

The
blocks are well-highlighted and divided into stages, making the explanation more
structured and commendable.

@ Comment9 | = Practical Skills (25)

A
clear explanation is provided on the use of GNU Radio blocks, supported by
relevant screenshots.

PAGE 8
, Comment 10 | & Transferable Skills (15)
At each level, audio signals are recorded to provide a clear
understanding of the application, which adds value.
PAGE 9
PAGE 10
@ Comment11 | & Cognitive Skills (20)
Constellation
graphs are presented to depict the complex function of signals, which is
commendable.
PAGE 11
, Comment 12 | = Cognitive Skills (20)
The
segmentation of GNU Radio blocks for jamming into distinct stages is well done.
@ Comment13 | = Cognitive Skills (20)
Noise
is effectively applied, and different stages of noise impact are captured
through audio signals, providing a deeper understanding of the noise effect,
which is appreciated.
PAGE 12
@ Comment14 | = Cognitive Skills (20)
A good analysis compares the original signal with the
noise-added signal, illustrating signal distortion through constellation
diagrams, which is commendable.
PAGE 13
PAGE 14

PAGE 15




PAGE 16

PAGE 17

Comment 15 | & Practical Skills (25)

The

stages of Frequency Hopping Spread Spectrum (FHSS) blocks are outlined, but
Stage 2 is missing certain filtering processes, such as Band-Pass Filter (BPF)
and Low-Pass Filter (LPF).

Comment 16 | = Cognitive Skills (20)

The

core function of FHSS—frequency hopping—is clearly observed at the output,
where frequency hopping occurs without audio degradation. However, the recovery
of the signal under different hopping conditions fails when noise power

increases, suggesting that some filtering blocks are missing. This observation
indicates that Task 1(iii) is only partially satisfied and does not fully meet

the requirement.

Comment 17 | = Knowledge & Understanding (20)

The wide spectral width indicates the absence of necessary filter blocks.

PAGE 18

Comment 18 | = Knowledge & Understanding (20)

The
explanation of modulators and demodulators in FHSS is well done.

PAGE 19

Comment19 | & Cognitive Skills (20)

A
good constellation analysis is conducted for different noise levels, including
no noise and 40% noise, which is appreciated.

PAGE 20

PAGE 21

PAGE 22

Comment20 | = Cognitive Skills (20)

Ethical considerations particularly
regarding safeguarding communication links and preventing loss of life are addressed,

but needs more depth.

Comment 21

Task

2 is entirely missing from the report.Including

it would have strengthened the overall completeness and could have improved the
evaluation.



. Comment22 | &£ Transferable Skills (15)

The
report follows a well-organized structure, and a logical flow is maintained
throughout.

PAGE 23

, Comment 23 | & Transferable Skills (15)

The inclusion of detailed analysis and audio captures adds
significant value. The research work appears well-planned, which is evident
from the citations and references, which is commendable.

GRADING FORM: ADSP_GRADING_TEMPLATE

JACK LONSDALE 44 .3

ENGAGEMENT WITH LIT (20)

Task 1:Demonstrate understanding of NBFM, jamming effects, and
FHSS.Citations and research on related topics. Task 2: Show
understanding of SDR receiver principles and signal representation.
Evaluate research on SDR technology and related topics.

f « Comprehensive understanding of topics with 8 5
appropriate citations and research, though some i
areas could be enhanced.

+ Research and citations are absent.

KNOWLEDGE & UNDERSTANDING (20)

Task 1 (i) Understanding NBFM, modulation, and demodulation.
Exploring bandwidth, frequency deviation, and impact on signal
quality. Task 1 (i) Analysing jamming effects by studying noise sources
and interference. Observing impact via frequency, time domain, and
constellation diagrams. Task 1 (iij) Investigating FHSS to reduce
interference and evaluating its effectiveness. Task 1 (iv) Comparing
original, jammed, and FHSS signals. Studying Signal-to-Noise Ratio




(SNR), clarity, and system efficiency. Task 1 (v) Understanding ethical
issues in jamming. Discussing legal aspects and FHSS benefits for
security. Task 2 (i) Designing a WBFM receiver using RTL-SDR and GNU
Radio. Studying block functions and sampling. Task 2 (ii) Visualising
signals via waterfall plots, frequency sinks, and time-domain analysis.
Studying SNR, stability, and filtering. Task 2 (iii) Evaluating privacy and
interference issues. Analysing societal benefits like improved efficiency
and technology.

y‘ + Strong knowledge of NBFM, with well-explained 8
concepts, though additional depth could further
enhance understanding.

* Good understanding of jammer effects, with
scope for added depth.

* Basic understanding. Explanations of FHSS are
unclear.

* Expectional work is done on analsing the NBFM,
Jammied Signal. But the Analysis made on the
FHSS is very Poor which made the marks to be
limited.

* Good understanding of ethics and societal
benefits, with scope for more detailed insights.
* No attempts seen in Task 2

* No attempts seen in Task 2

* No attempts seen in Task 2

COGNITIVE SKILLS (20)

Task 1 (i) NBFM Modulation and Demodulation: Understands
modulation, demodulation, bandwidth, and clarity. Task 1 (ii) Add a
Jammer: Evaluates noise, interference, and signal impact in frequency,
time, and constellation domains. Task 1 (iii) Implement FHSS for Anti-
Jamming: Applies FHSS to reduce interference and compare signal
stability. Task 1 (iv) Analysis and Comparison: Compares original,
jammed, and FHSS signals using frequency and time-domain tools.
Task 1 (v) Ethics and Impact: Assesses legal and societal effects of
interference in secure communication. Task 2 (i) Setup and Design of
WBFM Receiver: Designs WBFM receiver, focusing on setup, bandwidth,
and stability. Task 2 (i) Analysis and Visualisation: Examines signal
analysis, error detection, and filtering techniques. Task 2 (iii) Ethics and
Impact: Reviews interference impact and decision-making in WBFM
technology.




y‘ « Satisfactory setup, limited interpretation of 6 3
parameters. .
* Good analysis of jammer effects, with clear use
of visual tools, though some aspects could be
refined.

* Basic implementation with unclear reasoning.

* Limited comparison, vague interpretation.

* Logical reasoning in discussing ethics and
societal benefits of secure communication, though
with some areas needing further elaboration.

* No evidence of receiver setup of signal
demodulation.

* No attempts seen in Task 2

* No discussion of ethics or societal benefits.

PRACTICAL SKILLS (25)

Task 1: Hands-on experience in transmitter and receiver setup,
understanding signal bandwidth and frequency deviation.
Implementing noise sources and analysing interference effects using
frequency, time, waterfall, and constellation sinks. Applying FHSS
techniques for anti-jamming and evaluating signal clarity through SNR
analysis and stage comparisons. Developing an awareness of secure
communication and legal implications. Task 2: Practical
implementation of RTL-SDR receiver setup, signal representation, and
processing. Understanding block functionality, decimation factors, and
performing signal analysis using waterfall and frequency sinks.
Visualising constellation diagrams and evaluating signal stability
through SNR measurements. Comparing different demodulation stages
for performance optimisation.

y‘ Task 1: Shows good practical skills in simulating 1 1 5
NBFM and using FHSS for anti-jamming. Jammer *
introduction and signal analysis are effective, but
minor gaps exist in explaining parameters like
bandwidth and frequency deviation. Comparisons
of signal stages are clear but need more depth.

Task 2: No evidence of practical skills of the task
requirements. Setup and analysis are absent, with
no use of visualisation tools or stage comparisons.

TRANSFERABLE SKILLS (15)



Enhancing mathematical integration and simulation skills using GNU
Radio and RTL-SDR. Developing ethical reasoning and effective
communication for teamwork and professional interactions. Practising
systematic reporting, structured problem-solving, and clear
presentation skills.

y‘ Shows strong transferable skills with good 1 0
application of GNU Radio tools and solid
understanding of signal processing concepts.
Minor gaps in analysis depth or documentation.
Ethical considerations are discussed but need
more detail. Task 2 is missing.



