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Abstract 
RF systems require modulation of signals to enable transmission over long distances from transmitter to receiver. During the tenure of that transmission, these signals may encounter noise, which will affect the fidelity of the signal once it is demodulated and recovered at the receiver.
This assignment investigates the affect this noise imposes on Dual Side Band Suppressed Carrier (DSB SC) amplitude modulation (AM) and frequency modulation (FM) techniques, with the signals observed in the frequency and time domain for analysis and comparison purposes. Observing signals in this domain reveals visually the impact of noise on an RF signal, so that the distorted signal receiver recovers can be scientifically explained.
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1. [bookmark: _Toc152334765]Introduction
This assignment explores various radio frequency (RF) modulation techniques using the simulation software MATLAB, and assesses the effects of noise in a Double-sideband suppressed-carrier (DSB-SC) and frequency modulation (FM) RF systems. The assignment comprises of a design and analysis stage for the modulation techniques.
This modulation explores RF signals and modulation techniques. RF signals are used to convey information from a transmitter to a receiver through a medium. During this transmission, the signal will need to be modulated, the mixed with a local oscillator, and then amplified, in order to travel the long distances required to reach the receiver. The receiver will then need to filter, mix, do some amplification on its end, and then demodulate, to output the data.
This assignment models these RF systems, using various analog modulation techniques, and observes the signals in the frequency and time domain, and the frequency and power domain.



2. [bookmark: _Toc152334766]Background Research
RF Modulation is the varying of the property of a signal (usually the carrier signal), for example, amplitude or phase, relative to the message signal. This assignment explores analogue RF modulation techniques, which include the following:
· Amplitude modulation (AM)
· Frequency modulation (FM)
Analogue modulation is a continuous time signal sampling technique, which means that there is an infinite array of possible numbers. This contrasts to digital modulation, which uses discrete time signal sampling, which means that it has to be a specific or whole number.
Analogue modulation includes the following techniques:
· AM
· Dual Side Band Suppressed Carrier (DSB-SC)
· Single Side Band Suppressed Carrier (SSB–SC)
· Vestigial Side Band Suppressed Carrier (VSB-SC)
AM involves the carrier signal varying its amplitude relative to the instantaneous level of the modulating signal. The carrier signal’s RF spectrum broadens as a result. This resulting in two bands: and upper side band (U) and a lower side band signal (L) [1].
DSB-SC involves suppressing the carrier completely whilst modulating two frequencies symmetrically spaced either side of the carrier frequency. The lower SB is , and the upper SB is . The equation for DSB-SC wave is:
s 
SSB-SC involves suppressing one side band completely relative to the other side band.
VSB-SC involves modulating just a part of the signal, the vestige, relative to a single side band (U or L). It is represented by the formula:

The modulation index of an AM signal is derived from the formula:

Power
The formula to calculate power for an AM and FM signal is:
, for the message signal. 
, for the carrier signal.
, for the DSBSC signal.
, Signal to Noise Ratio (SNR).

2.1 [bookmark: _Toc152334767]Simulink models
All Simulink models will comprise of the following components (at a minimum):
· Carrier sine wave
· Message sine wave
· Constants
· Products
· Filters
· Oscilloscopes – for measurements in the frequency and time domain
· Spectrum analysers – for measurements in the frequency and power domain


3. [bookmark: _Toc152334768]Task 1 – AM
AM is a modulation technique where the amplitude of the carrier wave is varied relative to the amplitude of the modulating signal.
This task explores AM in then time and frequency domain, which will require using an oscilloscope for RF measurements. 
Figure 1 shows the Simulink model for this task.
[image: ]
[bookmark: _Ref152174096]Figure 1 - AM Modulator and Demodulator Model
 
The following formulas were used for this task:
Carrier Signal, , where
Message Signal, , where 1Hz
These frequency values were chosen, as using the values, , 1MHz, resulted in the following output seen in Figure 2.
[image: ]
[bookmark: _Ref152321491]Figure 2 - AM output where , 1MHz
Specifically for the modulator section, the carrier signal was set as per Figure 3, and the message signal set as per Figure 4.
[image: ]
[bookmark: _Ref152172367]Figure 3 - Carrier signal parameters
[image: ]
[bookmark: _Ref152172446]Figure 4 - Message signal parameters

[image: ]
[bookmark: _Ref152268206]Figure 5 - AM modulated signal Constant = 1

[image: ]
[bookmark: _Ref152242501]Figure 6 - AM modulated signal constant = 0.7
Figure 5 and Figure 6 show the oscilloscope outputs (frequency and time domain) of the AM modulator.
As observed in Figure 6, the modulated signal’s amplitude has been varied in accordance to the message signals as seen in line 1 of the oscilloscope output.
In this task, the modulation index values were varied. The modulation index is the magnitude of the modulation enacted on the carrier signal.  There are three types of modulation index:
1. Critical modulation is where the modulation index, m = 1. It is where the side bands of the signal first become detectable.
2. Over modulation is where the modulation index, m > 1.
3. Under Modulation is where the modulation index, m < 1.
The affect of these different types of modulation index’s can be observed between Figure 6 and Figure 5. The first one uses a modulation index of 1, critical modulation. This results in an amplitude of the modulating signal equal to that of the carrier signal. The second one uses a modulation index of 0.7, under modulation. This results in the amplitude ratio of the carrier signal to modulated signal being 0.7:1.
[image: ]
[bookmark: _Ref152325357]Figure 7 - AM Demodulated signal on line 4
Figure 7 show the output of the AM modulator and demodulator model. The output lines are as follows:
1. Line 1 = carrier signal
2. Line 2 = message signal
3. Line 3 = modulated signal
4. Line 4 = demodulated signal
As shown in output line 3, the amplitude of the modulating signal remains the same whilst the amplitude of the carrier signal varies.
The demodulated signal has removed certain bands from the signal, as per the configuration of the bandpass filter, to recover the original message signal, as seen on line 4 om Figure 7.
[image: ]
[bookmark: _Ref152334661]Figure 8 - AM in Frequency and power domain
Figure 8 show the spectrum analyzer of the DSB SC AM model, showing both side bands (blue and yellow), and a suppressed carrier wave.
3.1 [bookmark: _Toc152334769]Conclusion
AM modulation index alters the amplitude of the modulated signal in comparison to the message signal. 
Using a bandpass filter removes out band frequencies from the modulated signal to enable the recovery of the original message signal at the receiver.


4. [bookmark: _Toc152334770]Task 2 – DSB SC
DSB-SC is an AM modulation technique as its signals varies their amplitude relative to one another. DSB-SC is used for a ring modulator. This is a digital signal processing (DSP) method where two signals are multiplied together to create two new frequencies, which are the sum and the difference of the input frequencies [1]. 
There are various generation modes for a DSB-SC circuit. Mode 1 is the positive cycle. This is where the polarity of the upper portion of Transformer (T)1 andT2, will be shifted to the same as that of the carrier signal. And the polarity of the lower portion of centre tap transformer will be shifted 180 degrees when a signal input is from the centre tap transformer.
Mode 2 is the operation of the circuit in the presence of a modulating signal on the positive cycle.
Mode 3 is the operation of the circuit in the presence of a modulating signal on the negative cycle.
4.1 [bookmark: _Toc152334771] Task A – DSBSC balanced modulator
[image: ]
Figure 9 - DSB SC AM Balanced Modulator

4.2 [bookmark: _Ref152331021][bookmark: _Toc152334772]Task B – Multimedia through DSB SC
[image: ]
[bookmark: _Ref152266458]Figure 10 - Multimedia through DSB SC AM
Figure 10 shows the DSB SC AM model with multimedia. This involved replacing the previous message signal input with a multimedia file, and placing an audio output after the demodulator. 
Issues
The audio output was initially tested with the previous message signal, with a successful noise output. However, once the message signal was replaced with the multimedia file, port errors became apparent and no audio output was received.
This could be due to incorrect configuration of the multimedia block as the model had worked prior to the addition of the multimedia block.
Figure 11 shows the model with the apparent errors when simulating.
[image: ]
[bookmark: _Ref152329553]Figure 11 - Issues with DSB SC AM with multimedia

4.3 [bookmark: _Toc152334773]Task C – Added random noise on DSB SC
This task involved the following implementing noise to the DSB SC to demonstrate that the receiver recovers a distorted version of the original message signal.
As the multimedia block did not interoperate successfully with the model, as described in section 4.2, this was done with the original message signal instead.
[image: ]
[bookmark: _Ref152331640][bookmark: _Ref152331643]Figure 12 - DSC SC adding noise to multimedia signal
Figure 12 shows the oscilloscope output of the multimedia DSB SC AM model. The output lines are as follows:
1. Line 1 – message signal
2. Line 2 – carrier signal
3. Line 3 – modulated signal with noise
4. Line 4 – demodulated signal just before audio output
The noise affect on the modulated signal is observed in output line 3. A perfect signal should mirror the signals in output lines 1 and 2. With the addition of noise, the model essentially demodulates that noise, thus the noisy signal is recovered at the receiver and outputted through the speaker. 
Theoretically, as the noise levels increase on the signal, the receiver’s ability to successfully recover the original message signal is increasingly impaired. 
5. [bookmark: _Toc152334774]Task 3 – FM Modulation
FM modulation involves varying the frequency of the carrier signal, and multiplying that with the message signal.
The formulas used for the FM modulation task were as follows:
Carrier signal, )
Message signal, m(t) = ).
5.1 [bookmark: _Toc152334775]Task 3 – FM modulation
[image: ]
[bookmark: _Ref152267150]Figure 13 - FM modulator model

[image: ]
[bookmark: _Ref152266926]Figure 14 - FM modulator output
As observed in Figure 14, the message signal in line 2 has been combined with the carrier signal in line 1, where the frequency has been altered, to create the modulated output signal in line 3, which as shown, has varied its frequency in comparison to the initial message signal.
For the demodulation, there are two methods:
· Frequency discrimination
· Phase discrimination
[image: ]
[bookmark: _Ref152333292]Figure 15 - FM demodulated output
As observed in Figure 15, the demodulated output on output line 4 is not a successful recovery of the original signal.
A successful recovery would require an envelop detector. This takes high frequency input signals that have been modulated and provides the output which is the envelope of the original message signal, thus essentially removing the carrier, which is not required at the receiver, from the signal. The envelope detector block was not discoverable on this version of Simulink, so it was not possible to successfully recover the original message signal.
5.2 [bookmark: _Toc152334776]Task 3C – FM modulator with random noise
[image: ]
[bookmark: _Ref152334483]Figure 16 - FM with noise
Figure 16 shows the affect noise has on the signal. The noise is implemented just after the modulated signal, the affect can be observed on line 3. Line 4 shows the recovery of the original signal once demodulation has occurred. 
6. [bookmark: _Toc152334777]Conclusion
The primary conclusion is that modelling and simulating an RF modulation and demodulation system, in a seemingly perfect environment, is not void of issues. For instance, increasing noise within the RF system should significantly affect the fidelity of the output signal in comparison to the input message signal. This was not observed as expected within the models for this assignment.
7. [bookmark: _Toc152334778]Recommendations
Future investigations into the effect of noise in DSCB SC and FM systems should focus on the issues identified in this report that include resolving multimedia interoperability with AM (DSB SC) system, which led to mitigation methods within this report to the extent of using the original message signal to generate a sound on the audio output.
Also, with regards to FM, an envelope detector should be sought in future iterations, or if not available on Simulink, ways of constructing an envelope detector, as this will enable the successful recovery of the original message signal.
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