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Since its discovery, radio has revolutionised communication, enabling the transmission of information over vast distances without the complexity of physical wiring. Early systems like those developed by Guglielmo Marconi relied on basic binary "on-off" signalling methods via spark gap transmitters. However, the dream to transmit more complex data, such as speech and music, saw the development of more advanced techniques.[1]
This progress led to the beginnings of radio modulation, which now forms the foundations of modern wireless communication. One of the earliest techniques is Amplitude Modulation (AM). This involves varying the amplitude of a high-frequency carrier wave in proportion to the amplitude of the information signal, enabling the transmission of voice wirelessly for the first time. 
This report will explore the impact of noise on different AM techniques, focusing on how noise affects signal quality and demodulation performance. By looking at not only AM but also systems developed from the basic AM, such as Single Sideband Suppressed Carrier (SSB-SC) and Double Sideband Suppressed Carrier (DSB-SC), this study aims to compare their performance in terms of bandwidth efficiency, power consumption, and noise tolerance. The findings will help to understand the complexities faced by early radio engineers.
[bookmark: _Toc187005066]Background research
The development of radio modulation was a revolutionary leap in communication technology. One of the earliest and most widely employed modulation techniques is Amplitude Modulation (AM). This method uses a high-frequency carrier wave, typically a single-tone sine wave, which varies in amplitude in direct correlation with the amplitude of the information signal. This mixing results in a signal containing the carrier frequency and, more importantly, the data in two sidebands. This modulation was the first to deliver audio signals, such as voice and later music, over considerable distances.[1. [1. 2]
However, as technology and understanding progressed, variations of AM were developed to address specific challenges and enhance the overall performance of communication systems. Two main modulations are Double-Sideband Suppressed Carrier (DSB-SC) and Single-Sideband Suppressed Carrier (SSB-SC).[2. [2. 3. [2. 3. 4]
Double Sideband Suppressed Carrier (DSB-SC) improves the power efficiency of the original AM by eliminating the carrier signal while retaining both sidebands. This improves energy efficiency while maintaining the transmitted signal's integrity. This modulation is especially beneficial for a range of analogue communication applications, such as transmitting a stereo signal, with each sideband containing either the left or right channel of the signal. 
Single Sideband Suppressed Carrier (SSB-SC) takes this further by transmitting only one of the two sidebands, which helps optimise bandwidth and energy efficiency. This allows for a greater transmission range, as it minimises the frequency spectrum required and reduces the effect of noise.
Despite the innovations represented by DSB-SC and SSB-SC, noise remains an inherent and persistent challenge in communication systems, especially analogue-based ones. Noise is created from various sources, including channel interference, thermal noise associated with the electronic components, and environmental factors. These elements can severely degrade signal quality and overall transmission performance. Therefore, evaluating how different amplitude modulation (AM) techniques perform in noisy environments is vital to ensure clear communication. 
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Amplitude modulation (AM) techniques have been widely used since the beginning of radio communications, and their efficiency under noisy channels has been studied and modelled. Communication texts have documented these concepts of AM, particularly Double-Sideband Suppressed Carrier (DSB-SC) and Single-Sideband Suppressed Carrier (SSB-SC). 
Various studies have conducted a comparative analysis of DSB-SC and SSB-SC systems, demonstrating that SSB-SC provides better bandwidth efficiency by transmitting only one sideband, thus reducing redundancy. 
Other studies have explored the impact of noise on AM systems. Their research showed that traditional AM systems with a carrier are more susceptible to noise because carrier and sidebands consume additional power without directly contributing to the information content. By contrast, DSB-SC and SSB-SC systems suppress the carrier and redundant sideband, improving power efficiency and noise resilience. However, they also highlighted that coherent detection in these systems requires exact synchronisation of the carrier signal at the receiver, making them more prone to errors in practical scenarios.[5. [3. 5. [3. 5. 6]
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[bookmark: _Toc187005092]Figure 6 - Modulation Index 0.2 - Spectrum Analyser Output
[bookmark: _Toc187005071]Task One Continued 
[image: ]
[bookmark: _Ref186913744][bookmark: _Toc187005093]Figure 7  - Modulation Index 2 - Scope 
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[image: ]
[bookmark: _Toc187005110]Figure 24 - SSB-SC - With AWGN at a SNR of -10 - Spectrum Analyser
[bookmark: _Hlk187002460][bookmark: _Toc187005076]Analysing the Results.
[bookmark: _Toc187005077]Task One
Using the last digit of the author’s student ID (2, therefore 0.2) as the modulation index, the following is noticed in Figure 4—Modulation Index 0.2—Scope: The modulating signal only minimally affects the carrier signal. This produces only a weak modulation effect, i.e., minor amplitude variations to the carrier waveform. Therefore, this can be classed as under-modulated. While this can prevent distortion, it limits the strength of the transmitted signal, which impacts signal clarity and, therefore, demodulation is harder. [3. [3. 4. [2. 3. 4] 
Compare this under modulation to the Figure 7  - Modulation Index 2 - Scope where the modulation index is greater than 1, i.e. the message signal amplitude is greater than that of the carrier frequency amplitude. This causes the mixed signal to invert during lulls in the carrier, resulting in severe distortion, known as "envelope clipping," making the signal difficult or impossible to demodulate accurately using envelope detection. [3. [3. 4. [2. 3. 4]. Overmodulation of a signal leads to a complete loss of signal integrity.
Finally, Critical Modulation is shown in Figure 10  - Modulation Index 0.5 – Scope. This shows an optimal balance where the carrier amplitude is modulated sufficiently but without distortion. The mixed waveform is clean and symmetric, allowing for envelope detection when demodulating. This is the ideal scenario in AM systems to achieve efficient transmission and reception. 
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To begin with let's focus on viewing in the time domain using Figure 13  - DSB-SC - Modulation Index 0.5 – Scope. The mixed signal is visible as a high-frequency waveform oscillating at the carrier frequency (100 Hz). As with, basic AM the amplitude of the waveform varies in proportion to the modulating signal. This also continues as the envelope of the modulated signal reflects the shape of the modulating signal as with basic AM. 
It is with the frequency domain Figure 14  - DSB-SC - Modulation Index 0.5 -Spectrum Analyser, that differences are apparent. Once again, there are similarities with the basic AM as the spectrum exhibits the same two sidebands, the Upper Sideband (USB) at 110 Hz and the Lower Sideband (LSB) at 90 Hz. However, the carrier frequency will not be visible with this modulation scheme, as it is suppressed. 
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Within the time domain shown in Figure 15  -DSB-SC - With AWGN at a SNR of 0 – Scope, AWGN is used to represent random noise with the channel on the DSB-SC signal. This causes the waveform to appear irregular, with random fluctuations in both amplitude and phase. As a result, the envelope that represents the modulating signal becomes increasingly difficult to distinguish.
When viewed in the frequency domain Figure 16 -DSB-SC - With AWGN at a SNR of 0- Spectrum Analyser and Figure 18 - With AWGN at a SNR of 0, the spectrum displays the original sidebands but also additional noise components spread across the frequency range. This noise creates a "fuzzy" floor around the sidebands, which could mask weaker signal components.
This leads to the demodulated signal being distorted due to the presence of the noise. The random fluctuations in amplitude makes it harder to recognise the recovered signal, particularly when the signal-to-noise ratio (SNR) is low.
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When viewing the SSB-SC signal within the time domain Figure 19 - SSB-SC – Scope. The signal matches both the AM and DSB-SC on the scope. Once again, differences are visible only in the frequency domain Figure 20 - SSB-SC - Spectrum Analyser. This time, the spectrum displays only one sideband. The absence of the carrier and the other sideband confirms the suppression of redundant components, leading to more efficient bandwidth usage. [3. [3. 4. [2. 3. 4]
[bookmark: _Toc187005083]Part B SSB-SC Modulation and Demodulation With Noise
When viewed in the time domain Figure 21 - SSB-SC - With AWGN at a SNR of 0 - Scope, The SSB-SC signal exhibits random fluctuations due to the noise superimposed on the modulated waveform, showing similarities to both the AM and DSB-SC results. This similarity continues when viewed in the frequency domain Figure 22 - SSB-SC - With AWGN at a SNR of 0 – Spectrum Analyser. The spectrum displays the single sideband with additional noise spread across the frequency range. This noise adds small, random spectral components around the frequency of the original signal.
When demodulating the signal with noise, as with the previous modulations, the recovered signal is distorted, showing random fluctuations that include amplitude clipping or smoothing due to noise interference. By increasing the noise level, the original signal is unrecognisable. Figure 23 - SSB-SC - With AWGN at a SNR of -10 - Scope
[bookmark: _Toc187005084]Task Four
As previously discussed, the differences in the systems are clear within the frequency domain. The basic AM is dominated by its carrier frequency, which has the highest peak power. However, the power and spectral efficiency are poor because this carrier does not contain any of the desired message signals (the message is in the sidebands). 
DSB-SC improves on this by suppressing the superfluous carrier, leaving the two side bands. Although this improves power consumption, its spectral usage is still the same as the basic AM. However, this can be used to its advantage if, rather than both sidebands containing the same data, the sidebands are used to transmit parallel data, i.e., stereo audio. [7] 
SSB-SC is the most efficient system investigated in this report, as both the carrier and one of the sidebands are suppressed. This allows all the power to be focused on transmitting only the required data. It also improves the spectral efficiency by reducing the bandwidth to only that of the sideband.
However, this efficiency does come at a cost. Successful demodulation depends on accurate phase and frequency synchronisation. Noise can affect both factors, so SSB-SC is not ideally suited for high-noise environments. In these environments, DSB-SC would be a better choice. Although it is not as efficient, when the same data is transmitted on both side bands, it leads to a degree of redundancy that assists in demodulating. Basic AM, again, is slightly more tolerant to noise due to its simplicity in demodulating the received signal. 
[bookmark: _Toc187005085]Conclusion
In conclusion, Double-Sideband Suppressed Carrier (DSB-SC) and Single-Sideband Suppressed Carrier (SSB-SC) modulation and demodulation analysis highlight their performance under various noise conditions.
Without noise, both DSB-SC and SSB-SC effectively transmit the modulated signal. DSB-SC features two sidebands around the carrier frequency, offering an improvement over AM but still requiring the same bandwidth. In contrast, SSB-SC transmits only one sideband, improving bandwidth efficiency while maintaining signal intelligibility.
However, noise impacts both schemes differently. DSB-SC is susceptible to distortion, particularly at lower signal-to-noise ratios (SNRs), leading to degraded signal quality. SSB-SC is also affected by noise, and the complexity of demodulating it can hamper receiving clean data. 
These findings emphasise the importance of SNR in communication systems and the need to choose the appropriate modulation technique based on the environment. While DSB-SC may be suitable for less noisy applications, SSB-SC is preferable when bandwidth efficiency and noise resistance are critical. Understanding these differences can guide professionals in selecting the proper modulation method for their needs.
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