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1. 
2. [bookmark: _Toc196741599][bookmark: _Toc216697387]Introduction

This report analyzes how AM, DSB-SC, and SSB-SC modulation operates. It looks at power, efficiency and simulates each system using Simulink. From this, the results are compared with theoretical values. Additionally, each modulation system is studied in a more realistic way, by adding noise to each, which would be found in real transmission systems.
Screenshots of the full Simulink set ups for all simulations can be found in Appendices A-F.


3. [bookmark: _Toc216697388]Background Research and Literature Review
3.1. [bookmark: _Toc216697389]Overview
All modulation methods discussed follow the same basic principle of operation. Each starts with a message signal m(t) (in real life this could be a user input e.g. microphone) and a locally generated carrier signal of a higher frequency c(t). The system then alters the amplitude of the carrier wave depending on the instantaneous amplitude of the message signal. This is then transmitted and demodulated on the receiver side [1] [2]. 

3.2. [bookmark: _Toc216697390] AM Modulation
Several studies have looked at performance of AM systems. Looking at the power of the signals in the frequency domain, it follows the typical formula shown in Equation 1. 
[bookmark: _Toc216697470]Equation 1: Formula of total power in AM modulation
  

As the modulation index increases so does the power of the sidebands (as carrier power stays constant), this causes an increase in total power as sideband power is proportional to the square of the modulation index [3]. As backed up in an article from The University of Nebraska [4], this means that when in under modulation, while there is no distortion in the signal, it is less power efficient, due to the low modulation index. 
While total power theoretically increases when in over modulation, the efficiency peaks at around 33%, when the modulation index = 1. This follows a formula to determine efficiency (assuming there is no overmodulation) set out by the Electronics Workbench Corporation, shown in Equation 2 [5].
[bookmark: _Toc216697471]Equation 2: Equation determining efficiency of AM modulation (with assumptions)


AM is one of the simplest and low-cost modulation methods to implement, and is commonly used in radio, aircraft communications, and robotics [6].


3.3. [bookmark: _Toc216697391]DSB-SC
DSB-SC is different to AM due to the fact it suppresses the carrier wave, only transmitting the sideband frequencies. This makes DSB-SC typically more power efficient than AM, in which the carrier makes up a significant amount of the transmitted power, but isn’t useful [7].
[bookmark: _Toc216697472]Equation 3: Formula for DSB-SC power


Seen in Equation *** the formula for the power of DSB-SC modulation is discussed in a textbook by M. Schwartz [8]. This shows that the power is equally distributed in each sideband, with none wasted in the carrier; the potential efficiency of the system reaching 50% under optimal conditions, greater than the 33.3% for AM [9].
DSB-SC is more efficient and has lower interference with other channels due to the suppression of the carrier signal [10]. This gives it applications in industry such as audio transmission, radio data systems and legacy television broadcasting [7].  


3.4. [bookmark: _Toc216697392]SSB-SC
An article from The International Journal of Computing Science and Communication Technologies suggests that SSB-SC is the optimal amplitude modulation technique, as it requires the lowest amount of bandwidth and power to achieve the same results, as only one sideband it transmitted, and the carrier is suppressed [11]. 
SSB-SC power is calculated the same way as DSB-SC, but halved, due to only using a single side band. This provides the formula in Equation ***  [12].
Equation 4: Formula for SSB-SC power


This does however that it makes more efficient use of this power, as backed up in an article from the Academic Journal of Science and Technology [13], suggesting that this makes it an ideal amplitude modulation method, especially to make most efficient use of bandwidth. 
This method of modulation has been used in industry for long distance communication and optical communication systems [14].













4. [bookmark: _Toc216697393]Task 1 – AM

4.1. [bookmark: _Toc216697394]Theoretical Calculations
4.1.1. [bookmark: _Toc216697395]Set up
Using the formulae for the carrier and message waves provided in the brief, the following parameters for the simulation were determined, using the last digit of the student ID being 1.






To calculate the amplitudes of the message and carrier signal needed to provide a modulation index of 0.1, the following formula was used.
[bookmark: _Toc216697473]Equation 4: Equation to calculate modulation index


Following this formula,  will equal 10 and  will equal 1. The value of the modulation index will be changed in the simulation by altering the value of the constant block, this will test under, over and critical modulation. These values can be seen in Table 1.
[bookmark: _Toc216697488]Table 1: Values to test under, over, and critical modulation
	
	
	
	Under/Over/Critical

	1
	10
	0.1
	Under

	1
	10
	0.5
	Under

	1
	10
	1
	Critical

	1
	10
	1.5
	Over

	1
	10
	2
	Over




4.1.2. [bookmark: _Toc216697396]Modulation
The formula for the modulated wave is shown in Equation 5.
[bookmark: _Toc216697474]Equation 5: Equation of AM modulated wave



4.2. [bookmark: _Toc216697397]Block Diagram
Figures 1 and 2 are basic block diagrams for the AM system. This includes both the transmitter and receiver of the system to demonstrate how it is modulated/demodulated.
[image: A group of colorful squares

AI-generated content may be incorrect.]
[bookmark: _Toc216697449]Figure 1: Block diagram of AM modulator and transmitter

[image: A close-up of a black background

AI-generated content may be incorrect.]
[bookmark: _Toc216697450]Figure 2: Block diagram of AM receiver and demodulator


4.3. [bookmark: _Toc216697398]Circuit Diagram
The circuit diagram in Figure 3 was created in MATLAB Simulink. The diagram shown includes the 0.5 constant block representing the modulation index.
[image: A diagram of a flowchart

AI-generated content may be incorrect.]
[bookmark: _Toc216697451]Figure 3: Simulink circuit for AM modulator/demodulator

4.4. [bookmark: _Toc216697399]Simulated results
 in Table *** are screenshots of the waveforms generated at each modulation index. On the scope the waveforms are in order of the AM process, with the message signal at the top, then the carrier, AM signal, and the demodulated output.
[bookmark: _Toc216697489]Table 2: Table of AM waveforms for over, under and critical modulation
	Modulation Index
	Time-domain waveforms

	0.1
	[image: A screenshot of a computer screen

AI-generated content may be incorrect.]

	0.5
	[image: A screenshot of a computer screen

AI-generated content may be incorrect.]

	1
	[image: A screenshot of a computer screen

AI-generated content may be incorrect.]

	1.5
	[image: A screenshot of a computer screen

AI-generated content may be incorrect.]

	2
	[image: A screenshot of a computer screen

AI-generated content may be incorrect.]







Table 3 displays results from the frequency scope, looking at the 5 modulation indexes mentioned above. 
[bookmark: _Toc216697490]Table 3: Table of AM frequencies for over, under and critical modulation
	Modulation Index
	Spectrum Analyzer

	0.1
	[image: ]

	0.5
	[image: ]

	1
	[image: ]

	1.5
	[image: ]

	2
	[image: ]





4.5. [bookmark: _Toc216697400]Analysis of Results
Comparing the message signal and demodulated AM signal, a few differences can be seen. For one, the amplitude changes according to the modulation index, with a greater index causing a greater amplitude. For all signals, there is a slight time delay, caused by filters and sampling [15].
During under modulation, the waveform depth is < 100%. As the ‘envelope’ amplitude is always greater than 0, this creates no distortion in the demodulated signal. The power of the signal in under modulation is lower than the power of the carrier wave. 
When the system operates in over modulation, the waveform depth is > 100%, causing it to undergo a 180 phase reversal. This can cause envelope distortion and affect the final demodulated signal, and some data accuracy can be lost. The power of the signal in over modulation is greater than the carrier wave.
When the modulation index is equal to one, it operates at critical modulation, with a depth of exactly 100%. The power of the signal when operating in critical modulation is equal to the power of the carrier wave.
These results match evidence found in existing research discussed in the literature review, implying their validity with regards to power and waveforms. More tests could be performed, and a more detailed, realistic simulation could be created to prove the reproducibility of these results.





















5. [bookmark: _Toc216697401]Task 2 – DSB-SC

5.1. [bookmark: _Toc216697402]Theoretical Calculations
As specified in the brief, the values for the following DSB-SC simulation have been set and are shown below.








This provides all the necessary information to set up the simulation for analysis. It also means that the DSB-SC signal will conform with the standard waveform format in Equation 6 .
[bookmark: _Toc216697475]Equation 6: Formula for DSB-SC waveform



5.2. [bookmark: _Toc216697403]Block Diagram 
Figures 4 and 5  lay out a basic block diagram of a DSB-SC modulator and demodulator, which was used to develop the simulation.
[image: A diagram of a device

AI-generated content may be incorrect.]
[bookmark: _Toc216697452]Figure 4: Block diagram of DSB-SC balanced modulator

[image: A diagram of a product module

AI-generated content may be incorrect.]
[bookmark: _Toc216697453]Figure 5: Block diagram of DSB-SC coherent detector demodulator




5.3. [bookmark: _Toc216697404]Circuit Diagram
5.3.1. [bookmark: _Toc216697405]Transmitter
The simulation circuit diagram for the transmitter is shown in Figure 6, with two message signal sources having the same values, where one was then phase shifted.
[image: A diagram of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc216697454]Figure 6: Simulink circuit diagram of a DSB-SC modulator


5.3.2. [bookmark: _Toc216697406]Receiver
The receiver circuit diagram is shown in Figure 7, featuring a local oscillator which acts as a replica of the original carrier wave for demodulation this oscillating signal’s amplitude is set to 2.
[image: A diagram of a product

AI-generated content may be incorrect.]
[bookmark: _Toc216697455]Figure 7: Simulink circuit diagram of DSB-SC demodulator

5.4. [bookmark: _Toc216697407]Simulated Results
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]
[bookmark: _Toc216697456]Figure 8: Scope screenshot of DSB-SC without noise


5.5. [bookmark: _Toc216697408]Introducing Noise
5.5.1. [bookmark: _Toc216697409]Circuit diagram
To create an accurate representation of random noise, a new simulation was created with an AWGN source, and bandpass filter added between the modulator and demodulator. This can be seen in Figure 9.
[image: A diagram of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc216697457]Figure 9: Simulink inclusion of noise to DSB-SC simulation


5.5.2. [bookmark: _Toc216697410]Simulated Results
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc216697458]Figure 10: Scope screenshot of DSB-SC with noise

5.6. [bookmark: _Toc216697411]Analysis of Results
As seen in the simulation results, there are some similarities between both demodulated signals, with the message, carrier and modulated wave being identical with and without noise. Similarly to the AM modulation/demodulation, there is a slight time delay between the signals both with and without noise. This is due to the delays in filtering [4], as the delay in the noise simulation is a little higher, as it has an additional bandpass filter it passes through.
It is quite clear that when noise is introduced, the s(t) signal gets a lot noisier, and causes distortion in the final demodulated signal. The final demodulated signal’s peaks are a little lower than when it is demodulated without noise, due to the slight power reduction that the noise causes. 







6. 
7. [bookmark: _Toc216697412]Task 3 – SSB-SC

7.1. [bookmark: _Toc216697413]Theoretical Calculations
Similarly to the DSB-SC set-up the values for the simulation have been pre-set in the brief and are shown below.








This provides all the necessary information to set up the message and carrier waves for analysis. It also means that the SSB-SC signal will conform with the standard waveform format in Equation 7.
[bookmark: _Toc216697476]Equation 7: Formula for SSB-SC waveform


7.2. [bookmark: _Toc216697414]Block Diagram 
The block diagrams for both the transmitter and receiver are shown in Figures 11 and 12 , with the coherent detector for demodulation following the same set up as in the DSB-SC simulation.
[image: A diagram of a product

AI-generated content may be incorrect.]
[bookmark: _Toc216697459]Figure 11: Block diagram of SSB-SC modulator

[image: A diagram of a product

AI-generated content may be incorrect.]
[bookmark: _Toc216697460]Figure 12: Block diagram of SSB-SC coherent detector demodulator



7.3. [bookmark: _Toc216697415]Circuit Diagram
7.3.1. [bookmark: _Toc216697416]Transmitter
The Simulink circuit for the modulator was simple, and its’ set up is shown in Figure 13 . To reduce the complexity of blocks used, a separate source for the phase shifted message and carrier signal was used, with the same parameters, only changing the phase shift.
[image: A diagram of a block diagram

AI-generated content may be incorrect.]
[bookmark: _Toc216697461]Figure 13: Simulink circuit diagram of SSB-SC modulator


7.3.2. [bookmark: _Toc216697417]Receiver
The SSB-SC demodulator in Figure 14 was designed in the same way as the DSB-SC demodulator, as both use a coherent detector design.
[image: A diagram of a computer network

AI-generated content may be incorrect.]
[bookmark: _Toc216697462]Figure 14: Simulink circuit diagram of SSB-SC coherent detector demodulator

7.4. [bookmark: _Toc216697418]Simulated Results
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]
[bookmark: _Toc216697463]Figure 15: Scope screenshot of SSB-SC without noise


7.5. [bookmark: _Toc216697419]Introducing Noise
7.5.1. [bookmark: _Toc216697420]Circuit diagram
Again, like the DSB-SC simulation, the AWGN noise and bandpass filter was added to a new SSB-SC simulation shown in Figure 16.
[image: A diagram of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc216697464]Figure 16: Simulink inclusion of noise to DSB-SC simulation

7.5.2. [bookmark: _Toc216697421]Simulated Results
[image: A screenshot of a computer screen

AI-generated content may be incorrect.]
[bookmark: _Toc216697465]Figure 17: Scope screenshot of SSB-SC with noise


7.6. [bookmark: _Toc216697422]Analysis of Results
The distortion of the demodulated signal after the introduction of noise is like the distortion seen with DSB-SC demodulation with noise.
The same changes in time delay and wave shape are seen, as the modulated signal with noise introduced has a more unpredictable shape, meaning the filters cannot pick up and demodulate it with the same accuracy
With further tuning of the bandpass and lowpass filter, the output signal could be made smoother. However, as proof of concept to demonstrate how noise affects the output, this is a good representation of a real-world system with transmission channel noise.


8. 
9. [bookmark: _Toc216697423]Task 4 – Power and Performance 

9.1. [bookmark: _Toc216697424]Theoretical Calculations
9.1.1. [bookmark: _Toc216697425]AM power
The following formula in Equation 8 will be used to calculate the theoretical power of an AM signal to compare with simulated results.
[bookmark: _Toc216697477]Equation 8: Formula for calculating total power of AM signal



For the sake of the simulation, the load resistance  will be equal to 1Ω, and  will be calculated using Equation 9.
[bookmark: _Toc216697478]Equation 9: Formula to calculate Vrms for AM modulation


Substituting these values in, Equation 10 is a simplified formula for power
[bookmark: _Toc216697479]Equation 10: Simplified formula for total power of AM signal


Finally, the theoretical power was calculated to be 2.25W, using a modulation index of 0.5,  and  = 1.




9.1.2. [bookmark: _Toc216697426]DSB-SC power
The total power of a DSB-SC system can be calculated as shown in Equation 11, different to the AM signal as there is no carrier component.
[bookmark: _Toc216697480]Equation 11: Formula to calculate the total power of DSB-SC signal



Using the values set in the assignment (,  = 1, µ = 0.5, R =1), the theoretical power of the DSB-SC signal would be 1W.


9.1.3. [bookmark: _Toc216697427]SSB-SC power
The typical power of the SSB-SC system was calculated with a similar formula, however as only one sideband is present, it is halved compared to DSB-SC, as shown in Equation 12.
[bookmark: _Toc216697481]Equation 12: Formula to calculate SSB-SC power



Using the same values, the theoretical power of the SSB-SC signal was calculated to be 0.5W.


9.1.4. [bookmark: _Toc216697428]Figure of Merit
The figure of merit for a system is calculated using Equations 13-15. 
[bookmark: _Toc216697482]Equation 13: Formula to calculate the Figure of Merit

[bookmark: _Toc216697483]Equation 14: Formula to calculate SNRo

[bookmark: _Toc216697484]Equation 15: Formula to calculate SNRc


These equations will be used for all simulations to compare the simulated results with theoretical ‘ideal’ values.


9.1.5. [bookmark: _Toc216697429]Theoretical FOM
For DSB-SC, using the standard formula for the signal waveform, and the formula for the power of the noise signal, the Figure of Merit was calculated in Equations 16-18 below.


[bookmark: _Toc216697485]Equation 16: DSB-SC SNRc calculation




[bookmark: _Toc216697486]Equation 17: DSB-SC SNRo calculation



[bookmark: _Toc216697487]Equation 18: DSB-SC FoM calculation



For SSB-SC the calculations for power are undertaken in a similar way, and due to the way that the formula for the noise and SSB-SC signals are derived, they cancel out when power is calculated. This provides the same FoM of 1.
As discussed in studies mentioned in the literature review earlier, the Figure of Merit for AM signals is dependent on the modulation index. In this case, with a modulation index of 0.5, and the formula for the FoM shown in Equation 18 , the FoM for the AM simulation in this task is calculated to be 0.125.


9.2. [bookmark: _Toc216697430]Circuit Diagrams
The only circuit simulation updated was the AM modulation system. A new simulation for this was created, shown in Figure 18 to introduce noise.
[image: A diagram of a diagram

AI-generated content may be incorrect.]
[bookmark: _Toc216697466]Figure 18: Simulink circuit diagram for AM demodulator with noise

The simulations from previous tasks will be used to gather results for comparing systems with and without noise.



9.3. [bookmark: _Toc216697431]Simulated Results
For all the simulated results discussed , a table of their values was created, read from the spectrum analyzer, with some estimates having to be made when read off the scale. For ease of discussion, the visual screenshots of these results have been included in Appendices G-I.

9.3.1. [bookmark: _Toc216697432]AM 
Tables 4 and 5  show the measured values for power and power density.
[bookmark: _Toc216697491]Table 4: AM power measurements
	Power
	Without noise (W)
	With noise (W)

	Message
	0.5
	0.5

	Carrier 
	2
	2

	AM wave
	2.24
	2.24

	Demodulated
	0.5
	0.44



[bookmark: _Toc216697492]Table 5: AM power density measurements
	Vrms
	Without noise (Watts/Hz)
	With noise (Watts/Hz)

	Message
	2 peaks – 0.05
	2 peaks – 0.05

	Carrier 
	2 peaks – 0.20
	2 peaks – 0.20

	AM wave
	2 carrier peaks – 0.2
4 sideband peaks – 0.015
	2 carrier peaks – 0.2
4 sideband peaks – 0.015

	Demodulated
	2 peaks – 0.05
	2 peaks ≈ 0.04




To calculate the simulated FoM for the AM modulation simulation with noise, measurements of  and  were taken, shown in Figure 19.
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc216697467]Figure 19: AM SNRc and SNRo power measurements

From this analyzer screenshot it can be seen that the power for , and the power for , using  , the figure of merit for the simulation with noise is calculated to be 0.75.


9.3.2. [bookmark: _Toc216697433]DSB-SC 
Tables 6 and 7 show the measured values for power and power density.
[bookmark: _Toc216697493]Table 6: DSB-SC power measurements
	Power
	Without noise (W)
	With noise (W)

	Message
	0.5
	0.5

	Carrier 
	2
	2

	DSB-SC wave
	1
	1

	Demodulated
	0.5
	0.45



[bookmark: _Toc216697494]Table 7: DSB-SC power density measurements
	Power density
	Without noise (Watts/Hz)
	With noise (Watts/Hz)

	Message
	2 peaks – 0.05
	2 peaks – 0.05

	Carrier 
	2 peaks – 0.20
	2 peaks – 0.20

	DSB-SC wave
	4 peaks – 0.05
	4 peaks – 0.05

	Demodulated
	2 peaks – 0.049
	2 peaks - 0.045



Figure 20 shows the measured SNRc and SNRo values of the SSB-SC simulation with noise. 
[image: A screen shot of a graph

AI-generated content may be incorrect.]
[bookmark: _Toc216697468]Figure 20: DSB-SC SNRc and SNRo measurements

From this analyzer screenshot it can be seen that the power for , and the power for , using  , the figure of merit for the simulation with noise is calculated to be 0.417.



9.3.3. [bookmark: _Toc216697434]SSB-SC 
For the SSB-SC simulation to calculate noise, the parameter of the initial message and carrier signal had to be altered slightly, as the scaling factor for the signal emerges later in the system, which creates the same scaling factor for the signal.
Tables 8 and 9  show the measured values for power and power density.
[bookmark: _Toc216697495]Table 8: SSB-SC power measurements
	Power
	Without noise (W)
	With noise (W)

	Message
	0.5
	0.5

	Carrier 
	0.5
	0.5

	SSB-SC wave
	0.5
	0.5

	Demodulated
	0.5
	0.48



[bookmark: _Toc216697496]Table 9: SSB-SC power density measurements
	Power density
	Without noise (Watts/Hz)
	With noise (Watts/Hz)

	Message
	2 peaks – 0.05
	2 peaks – 0.05

	Carrier 
	2 peaks – 0.05
	2 peaks – 0.05

	SSB-SC wave
	2 peaks – 0.05
	2 peaks – 0.05

	Demodulated
	2 peaks – 0.049
	2 peaks - 0.048



Figure 21 shows the measured SNRc and SNRo values of the SSB-SC simulation with noise. 
[image: A screenshot of a graph

AI-generated content may be incorrect.]
[bookmark: _Toc216697469]Figure 21: SSB-SC SNRc and SNRo measurements

From this analyzer screenshot it can be seen that the power for , and the power for , using  , the figure of merit for the simulation with noise is calculated to be 0.857.



9.4. [bookmark: _Toc216697435]Analysis of Results
Addiitonal measurements of the Vrms values were taken and can be found in Appendices G-I. These show the same reduction in power as the power measurements do, as the noise decreases the power of the demodulated signal.
Each modulation method follows the same trend when comparing both power and power density with and without noise. When noise is added, it doesn’t affect the message, carrier or modulated wave, however, reduces the power of the demodulated signal with the greatest difference being a 12% decrease in power for AM modulation. The lowest decrease in power was for SSB-SC, which had a 4% decrease in power from theoretical/ideal values. The power density change is also proportional to the power change, but dependent on the frequency being measured at that point. This means that it also decreases with noise for all modulation methods, indicating a less efficient use of power for each measured frequency when noise is introduced.
Each modulation method’s resistance to noise however is also dependent on the Signal to Noise Ratio, which looks closely at the amount of useful power. For this, all modulation method’s measured signal to noise ratios and figure of merits were lower than ideal values. 
SSB-SC had the highest value of SNRo, which is the most valuable piece of data to determine the effect that noise has on the system, indicating that it is the most resistant to noise. This is closely followed by DSB-SC, and then AM modulation has the lowest, indicating that it is the most vulnerable to noise.
These findings match the findings from current research, with it being acknowledged that SSB-SC is the most resistant to noise as it has the lowest bandwidth of 10Hz [16] (as DSB-SC uses both sidebands, and AM uses both sidebands and the carrier [17], both of these have a bandwidth of 20Hz), therefore less noise can be transmitted, so has a less reduced effect on the demodulated output.





10. 
11. [bookmark: _Toc216697436]Conclusion

To summarize the findings of this report, the simulations provided reliable results, backed up by other research carried out in the subject area.
It has looked at three modulation methods, AM, DSB-SC and SSB-SC. Analyzing the power, waveforms and noise tolerance of each, it was determined that SSB-SC is the most efficient and resistant to noise. All results were compared to theoretical ‘ideal’ values, these matched the simulations when no noise was introduced, but when AWGN was added to represent transmission noise in a real system it provided more realistic results to analyze, lowering the power when demodulating signals. 

11.1. [bookmark: _Toc216697437]Recommendations on Future Work
To further this research more, it would be beneficial to perform more tests. This could be done either virtually, possibly comparing Simulink results to another simulation software, such as QUCS [18], or by building a physical prototype circuit. 
Performing real-life tests can help to identify other factors which impact the performance of modulation. Similarly, it could be beneficial to try and include different parasitics in simulations, such as using different types of noise generation to further analyze the realistic performance of analog modulation.
Additionally, alternative modulation techniques could be studied, to determine which is most efficient and suggest practical uses for each. This could include comparing results with digital modulation like QPSK or BPSK [11], or other analog modulation techniques such as frequency or phase modulation.





12. [bookmark: _Toc216697438]References

	[1] 
	L. W. Couch, Digital and Analog Communication Systems, Hoboken: Prentice Hall International Editions, 1996. 

	[2] 
	U. Madhow, Introduction to Communication Systems, Cambridge: Cambridge University Press, 2014. 

	[3] 
	I. K. Ndugu, “AM Modulation,” Strathmore University, Nairobi, 2024.

	[4] 
	W. M. Jang, “Software Lab Implementation of Amplitude Modulation during,” American Society for Engineering Education, Washington DC, 2023.

	[5] 
	T. Shields, “Understanding RF Circuits with Multisim 10,” Electronics Workbench Corporation, Ontario, 2007.

	[6] 
	S. Lee, “Amplitude Modulation Essentials,” Number Analytics, 11 06 2025. [Online]. Available: https://www.numberanalytics.com/blog/amplitude-modulation-essentials-mechatronics. [Accessed 15 12 2025].

	[7] 
	Grok, “Double-sideband suppressed-carrier transmission,” Grokipedia, 01 12 2025. [Online]. Available: https://grokipedia.com/page/Double-sideband_suppressed-carrier_transmission?. [Accessed 15 12 2025].

	[8] 
	M. Schwartz, Information transmission, modulation, and noise, New York: McGraw-Hill Publishing Company, 1990. 

	[9] 
	S. Bharadwaj and R. Sharma, “A Comparative Study of Different Amplitude Modulation Signals,” International Journal of Trend in Research and Developmen, vol. 8, no. 4, pp. 50-54, 2021. 

	[10] 
	T. Trainer, “DSBSC (Double Sideband Suppressed Carrier),” Telecom Trainer, 27 03 2023. [Online]. Available: https://www.telecomtrainer.com/dsbsc-double-sideband-suppressed-carrier/?. [Accessed 15 12 2025].

	[11] 
	D. K. Sharma, A. Mishra and R. Saxena, “Analog & Digital Modulation Techniques: An Overview,” International Journal of Computing Science and Communication Technologies, vol. 3, no. 1, pp. 551-561, 2010. 

	[12] 
	M. L. Anand, Principles of Communication Engineering, Boca Raton: CRC Press, 2021. 

	[13] 
	Y. Ma, “Single-sideband Suppressed-carrier Modulation and Demodulation: Principles, Analysis, Circuits, and Applications,” Academic Journal of Science and Technology, vol. 6, no. 3, pp. 147-156, 2023. 

	[14] 
	“Analysis of the carrier suppressed single sideband modulation for long distance optical communication systems,” Optik, vol. 161, no. 1, pp. 230-243, 2018. 

	[15] 
	M. C. Jeruchim, P. Balaban and K. S. Shanmugan, Simulation of Communication Systems, Boston: Springer US, 2000. 

	[16] 
	S. Haykin and M. Moher, Introduction to Analog and Digital Communications, Hoboken: John Wiley & Sons, 2007. 

	[17] 
	B. P. Lathi and Z. Ding, Modern Digital and Analog Communication Systems, Oxford: Oxford University Press, 2010. 

	[18] 
	QUCS, “QUCS - Home,” Github, 01 10 2014. [Online]. Available: https://github.com/Qucs/qucs/wiki. [Accessed 15 12 2025].

	[19] 
	J. D. Gibson, Analog Communications, Cham: Springer, Cham, 2023. 




13. [bookmark: _Toc216697439]Appendices

[bookmark: _Toc216697440]Appendix A – AM Simulation without noise
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[bookmark: _Toc216697441]Appendix B – AM Simulation with noise
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[bookmark: _Toc216697442]Appendix C – DSB-SC Simulation without noise
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[bookmark: _Toc216697443]Appendix D – DSB-SC Simulation with noise
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[bookmark: _Toc216697444]Appendix E – SSB-SC Simulation – without noise
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[bookmark: _Toc216697445]Appendix F – SSB-SC Simulation with noise
[image: A diagram of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc216697446]Appendix G – AM Simulation Spectrum Analyzer Screenshots
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[bookmark: _Toc216697447]Appendix H – DSB-SC Simulation Spectrum Analyzer Screenshots
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