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Abstract
This report explores various methods of signal conditioning through the means of modulation and demodulations. The models explored, demonstrate how modifying various features of a signal can be used to extract the same signal upon receiving. These can include, frequency, the amplitude and the phase. Some models have demonstrated much restraint by only modifying a single variable. However, there are many models and techniques available which enable the modification of many variables for the purpose of increasing the overall efficiency and reliability of transmitted signals. The comparison within this report demonstrates a common trait, as the methods to improve signal transfer rate increases, the reliability and probability of errors increases. However, many other transfer techniques are used to further mitigate the negative effects of higher effectiveness and efficiency.
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1.0 Introduction
This report demonstrates the comparison of of performances of amplitude shift keying (ASK), phase shift keying (PSK), quadrature phase shift keying (QPSK) and quadrature Amplitude Modulation (QAM), whilst under the being influenced by white gaussian noise (AWGN). The aid of a Bernoulli random binary generator is used to create a realistic test of random noise, which allows each shift key to compensate, to determine the advantages and disadvantages of each option. 
1.1 Modulation / Demodulation (Modem)
The process of modulation consists of converting data into transmittable signals. Prior to the signal reaching the intended destination, it is demodulated / converted back into data/digital signals. Sending a signal differs depending upon the method used to transmit and receive.  As such, the signal is embedded into a carrier wave which operates at high frequencies to ensure the signal can be transmitted and received, whilst keeping the original signal intact. The basic concept of embedding the signal, involves the signal modulating the carrier wave, which can then be received and filtered, leaving an intact transmitted signal. [1-5]

1.2 Amplitude Shift Keying (ASK)
Amplitude shift keying is a method of modulation which embeds a signal within a carrier wave. This method modifies the carrier wave in line with the intended signal. When the signal is at a high amplitude the carrier wave remains at a high amplitude. When the signal is at a low amplitude, the carrier wave is reduced, closer to zero. The result of the carrier wave leaves a rough copy of the original signal. This is then filtered to remove the excess carrier wave and any additional noise. [1-5]
1.3 Frequency Shift Keying (FSK)
Frequency shift keying is a modulation method which embeds a signal within a carrier wave. This method modifies the carrier wave in line with the intended signal. When the signal is at a high frequency the carrier wave remains at its high frequency. When the signal is at a low frequency, the carrier wave frequency is also reduced. The result of the carrier wave leaves a rough copy of the original signal, including changes from low/high to high/low. This is then filtered to remove the excess carrier wave and any additional noise. [1-5]

1.4 Phase Shift Keying (PSK)
Phase shift keying is a modulation method which embeds a signal within a carrier wave. This method modifies the carrier wave in line the intended signal. A binary bit of 1 in the signal can be represented as a change in phase within the carrier wave. Whereas a binary bit of 0 can be indicated with no change in phase or vice versa, dependant upon the setup. As part of this modulation method, the frequency and the amplitude remains the same constant. As there are two-bit values, this method enables two symbols to be transmitted at the same time. [1-5]
1.5 Quadrature Phase Shift Keying (QPSK)
QPSK is an enhancement upon the PSK modulation method. Where the PSK has 2 bit values, ‘0’ and ‘1’, QPSK hosts 4 bit values / symbols. This is accomplished by splitting the serial bit signal into parallel bit signals, which develop two states, odds and evens. The even signals will transfer through one PSK channel and the odd signals will transfer through another PSK channel. A carrier wave is then produced by an oscillator which enables the functionality of both channels, but with one carrier wave shifting phase by 90°. Both carrier waves converge with an output QPSK forming four parallel phase possibilities which include: 00 = 0°; 01 = 180°; 10 = 90°; 11 = 270°. Thus, 4 symbols area transmitted at the same time. This method of modulation can be increased by separating the signal into many more groups, instead of splitting the signal into odd or even (2 groups) it can be split between 3 groups (8 symbols), 4 groups (16 symbols). However, as the sequence increases, it reduces the reliability of the signal being sent and received. Thus, this method has limitations (See Appendix A for modulation and coding scheme). [1-5]
1.6 Quadrature Amplitude Modulation (QAM)
The QAM operate similar to the QPSK, in that it produces 4 symbols by splitting the bits to form quadrants, phase shifting. As stated, the QPSK reliability reduces, as the number of possible symbols increase. The QAM differs in that it can operate on multiple amplitudes, thus significantly increasing the range of channels and symbols whilst mitigating the reduction of reliability. However, for each additional amplitude used, it does start to reduce the reliability of transmitting the signal successfully. This is due to a reduction signal strength as they pass close to the origin. As such, this method also has its limitations (See Appendix A for modulation and coding scheme). [1-5]
2.0 Model Features
A combination of the following described Simulink blocks have been used in the design of the comparison models, which include amplitude shift keying (ASK); phase shift keying (PSK); quadrature phase shift keying (QPSK) and quadrature amplitude modulation (QAM).
Repeating Sequence Stair – This block enables the output of discrete sequences to be repeated. This simulates an intended signal to transmit.
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Bernoulli Binary Generator – This block enables the output of binary values for the purpose of simulating an intended signal to transmit.
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Sine Wave Generator – These blocks are used to build a sine wave from the digital signal output. 

 [image: ]		[image: ]

Constants – These blocks enable the assignment of a discrete value output.
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Switch – The switch block produces different outputs dependant on the value of the inputs.
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Product, Add, Subtract – Performs a mathematical function on a minimum of two inputs, to produce an output.
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AWGN – The Additive White Gaussian Noise block generates random noise based on Signal-to-Noise Ratio (SNR). It is used to simulate noise which may influence the transmitted signal.
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Digital Filter Design – This block enables the implementation of a various band filters.
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Delay – This block produces a delay within the signal by specifying the number of samples.
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Signal Specifications – This block enables direct modification of the signal at a specific stage.
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Error Rate Calculation – This block computes the error rate received within the data by comparing it to a delayed version of the transmitted data.
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Deserializer – This block converts series signals into parallel signals. 
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Serializer – This block converts a parallel signal into a series signal. 
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Demux and Mux – The demux block is used to split the series signal into multiple signals. The mux block is used to reverse the process of the demux, by condensing multiple signals into a singular signal.
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Figure 1: Amplitude Shift Keying Design



2.2 Model Design - Phase Shift Keying (PSK)
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Figure 2: Phase Shift Keying Design




2.3 Model Design - Quadrature Phase Shift Keying (QPSK)
[image: Diagram

Description automatically generated]
Figure 3: Quadrature Phase Shift Keying Design






3.0 Results
3.1 Amplitude Shift Keying (ASK)
Figure 4 depicts the process and influences the signal undergoes at various stages. From top to bottom the signals consist of: The high frequency carrier wave; the transmitted signal; the amplitude modulated carrier wave; the received signal with excessive noise; the first stage filtered signal; the second stage filtered signal; the final stage of the filtered signal.
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Figure 4: ASK Results
3.2 Phase Shift Keying (PSK)
Figure 5 depicts the process and influences the signal undergoes at various stages. From top to bottom the signals consist of: The transmitted signal; high frequency carrier wave; the inversed phased high frequency carrier wave; the phase modulated carrier wave; the received signal with excessive noise; the first stage filtered signal; the second stage filtered signal; the third stage of filtering; the final stage of the filtered signal.
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Figure 5: PSK Results
3.3 Quadrature Phase Shift Keying (QPSK)
Figure 6 depicts the process and influences the signal undergoes at various stages. From top to bottom the signals consist of: The first demux value; the second demux value; the first modulated demux signal; the second modulated demux signal; the first stage filter of the first demux signal; the first stage filter of the second demux signal; the second stage filter of the first demux signal; the second stage filter of the second demux signal; the mux signal after all filtrations.
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Figure 6: QPSK Results
3.4 Signal to Noise Ratio Comparison

[image: ]
Figure 7: Bit-Error Rate Comparison



4.0  Discussion
Figure 4 depicts the stages of the signal process during the ASK model, the process is simplistic and seems reliable as the final monitor has produced the original signal with a small bit error rate.
Figure 5 depicts the stages of the signal process during the PSK model. Although the design process is almost the same as the ASK design, the process produces a significant different result. The change in phase is clearly identifiable within the final monitor as indicated by solid lines either across the top or across the bottom, the seemingly solid lines do fall in line with the original signal. Although the bit rate has improved and the error to noise ratio is lower, it has also incorporated much of the noise. Although the signal can be extrapolated to form the original signal with increased reliability, there is also the potential that some of the noise will be forwarded too.
Figure 6 depicts the stages of the signal process during the QPSK model.  The monitors demonstrate the multiple signals transmitted, and the quick modulation resulting in a cleaned up and very reliable signal. Figure 7 demonstrates the bit error rate for each of the compared models. It shows that the ASK has a reduced signal to noise ratio compared to the other two models, showing that in limited performance it can excel over the other two, but for the majority, it of its function will result in increased error. The PSK demonstrates a significant improvement on performance over the ASK model, as the bit rate increases the error rate also increases at a steady rate. The QPSK model shows a reduction in the signal to noise ratio propagation. This indicates that the QPSK is likely to outperform the previous two models and provide a more reliable signal.










5.0 Conclusion
The processes involved in the transmitting and receiving of a signal, is apparent that many factors can influence the quality and reliability of the signal. The comparison of the models within this report demonstrate multiple methods of isolating the intending signal. The various methods each have their own trade-offs. The comparison demonstrates that the increase in transfer rate reduces the overall reliability of the transmission. Quadrature methods appear to be more efficient at transmitting signal by increasing the capacity of symbols generated. However, these methods are still constrained and sacrifice the reliability as their capacity increases. In addition, as the quadrature methods mitigate negative results, they become increasingly complex in design, further increasing the potential for error to occur. It can be concluded that, although there are more efficient and effective methods, the lower grade models still have a functional purpose when targeting a specific band, with a much higher reliability. In addition, it can also be concluded, that without the models used for modulation / demodulation (Modem), the conversion and transfers of digital data would pose ineffective and unrealistic for communications.
It can be concluded that, the closer that a signal transmits to the origin, the more problems that can occur and the increased probability of the signal being lost. In addition the more complex and increased nodes / symbols there are, again the increase of errors will occur.
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Appendix A – Modulation Coding Scheme (MCS)
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Figure 8: MCS Index
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I . I Data rate (Mbit's)
il [ comen M°fy‘:‘”“ Coding |20 Mz chamel | 40 Mz cham]
800 ns GI | 400 ns GI | 800 ns GI | 400 ns GI
0 1 BPSK 12 6.50 7.20 13.50 15.00
1 1 QPSK 12 13.00 | 1440 | 27.00 30.00
2 |1 QPSK 3/4 19.50 21.70 40.50 45.00
31 16-QAM | 12 2600 | 2890 | 54.00 60.00
4 1 16-QAM | 3/4 39.00 | 4330 | 81.00 90.00
5 1 64-QAM | 23 52.00 | 57.80 | 108.00 | 120.00
6 | 1 64-QAM | 34 58.50 | 65.00 | 121.50 | 135.00
7 | 1 64-QAM | 5/6 6500 | 7220 | 13500 | 150.00
8 2 BPSK 12 13.00 | 1440 | 27.00 30.00
9 2 QPSK 12 2600 | 2890 | 54.00 60.00
0 [ 2 QPSK 34 39.00 | 4330 | 81.00 90.00
| 2 16-QAM | 12 52.00 | 57.80 | 108.00 | 120.00
2 [ 2 16-QAM | 3/4 7800 | 86.70 | 162.00 | 180.00
13 | 2 64-QAM | 23 104.00 | 11560 | 216.00 | 240.00
14 [ 2 64-QAM | 34 117.00 | 130.00 | 243.00 | 270.00
15 [ 2 64-QAM | 5/6 | 130.00 | 14440 | 270.00 | 300.00
16 | 3 BPSK 12 19.50 | 21.70 | 40.50 45.00
17 | 3 QPSK 12 39.00 | 4330 | 81.00 90.00
18 3 QPSK 3/4 58.50 | 65.00 | 121.50 | 135.00
9 [ 3 16-QAM | 12 78.00 | 86.70 | 162.00 | 180.00
20 | 3 16-QAM | 3/4 117.00 | 130.00 | 243.00 | 270.00
21 | 3 64-QAM | 23 156.00 | 17330 | 324.00 | 360.00
22 3 64-QAM | 34 175.50 | 195.00 | 364.50 | 405.00
23 | 3 64-QAM | 5/6 | 195.00 | 216.70 | 405.00 | 450.00
24 | 4 BPSK 12 2600 | 28.80 | 54.00 60.00
25 | 4 QPSK 12 5200 | 57.60 | 108.00 | 120.00
26 | 4 QPSK 3/4 78.00 | 86.80 | 162.00 | 180.00
27 | 4 16-QAM | 12 10400 | 11560 | 216.00 | 240.00
28 | 4 16-QAM | 3/4 156.00 | 17320 | 324.00 | 360.00
29 | 4 64-QAM | 2/3 | 208.00 | 231.20 | 432.00 | 480.00
30 4 64-QAM | 3/4 | 234.00 | 260.00 | 486.00 | 540.00
31 4 64-QAM | 5/6 | 260.00 | 288.80 | 540.00 | 600.00
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