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This report discusses the different types of digital modulation methods and compares them against each other, eventually discussing which is the preferred method and why. Within the report questions will be reviewed such as, what is digital modulation? How does each method of modulation operate? Which type of digital modulation has the less errors when noise is added to it? Further on into the report is the analysis on the methods and error control methods are explained.
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[bookmark: _Toc503390803]Introduction

Over the recent year’s digital modulation has slowly over taken Analog modulation and is now used in a huge range of companies and products across the world. There are 3 types of digital modulation which are, amplitude shift keying, frequency shift keying and phase shift keying. This report will talk about how each type of modulation works with and without Gaussian noise. Also discussed is Additive white Gaussian noise and how it has been used in the digital modulation on Simulink. Lastly error control, this is frequently used to identify an error and then correct it this only happens when data is being transmitted. 



[bookmark: _Toc503390804]Amplitude Shift Keying – (ASK) modulation

[image: ]Amplitude shift keying, also known as on/off keying is a method of digital modulation that utilizes amplitude shifting of the relative amplitude of the career frequency. Binary is the signal to be modulated and transmitted is binary, this is where the amplitude of the carrier frequency changes in various levels in respect to the input signal. 
[bookmark: _Toc503390746][image: ]Figure 1- How a ASK signal works
[bookmark: _Toc503390747]Figure 2 - ASK Simulink simulation
The results below show the input Sine wave being multiplied with a pulse generator using the product function. The result is a much more solid signal with no noise.  
[image: ]
[bookmark: _Toc503390748]Figure 3 - The results of ASK modulation


[bookmark: _Toc503390805]Frequency Shift Keying – (FSK) modulation

Frequency shift keying is a method of digital modulation that utilizes frequency shifting of the relative frequency content of the signal. The signal to be modulated and transmitted is binary, this is referred to as binary FSK, where the carrier frequency changes in discrete levels, in accordance with the input signal.
	
· Output is the FSK modulated carrier, which has two frequencies corresponding to the binary input signal.
· The frequency of the carrier with respect to binary data signal. FSK stands for Frequency Shift Keying. The FSK modulation technique uses two different carrier frequencies to represent binary 1 and binary 0.
· These frequencies change according to the messages binary 0 and 1.

[image: ]
[bookmark: _Toc503390749]Figure 4 - How a FSK signal works
[image: ]
[bookmark: _Toc503390750]Figure 5 - FSK Simulink simulation
[image: ]
[bookmark: _Toc503390751]Figure 6 - The results of a FSK modulation















[bookmark: _Toc503390806]Phase Shift Keying – (PSK) modulation

Phase shift keying is a method of digital modulation that uses the phase of the carrier signal to represent a digital signal. The phase of the carrier changes in discrete levels, as the input signal also changes as shown below.
· Binary 0 Phase 1 = 0 degrees
· Binary 1 Phase 2 = 180 degrees
· Carrier is the radio frequency without modulation.
· Output is the PSK – modulated carrier, which has two phases corresponding to the two information bits. Binary – 0 or 1.

[image: ]
[bookmark: _Toc503390752]Figure 7 - How a PSK signal works
[image: ]
[bookmark: _Toc503390753]Figure 8 - PSK Simulink Simulation
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[bookmark: _Toc503390754]Figure 9 - The results of a PSK modulation




[bookmark: _Toc503390807]Simulink
[bookmark: _Toc503390755][image: ]Figure 10 – FSK signal with the AWGN block
[bookmark: _Toc503390808]Stage 1
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[bookmark: _Toc503390756]Figure 11 - Stage 1 of a FSK Simulink error detection modulation
· This is where the Bernoulli binary generator gives out random binary numbers. 
[bookmark: _Toc503390809]Stage 2
[image: ]
[bookmark: _Toc503390757]
Figure 12- Stage 2 of a FSK Simulink error detection modulation
· This is where a Modulator is added to provide extra information to data. The carrier frequency is used with a steady waveform that has constant amplitude and frequency. 


[bookmark: _Toc503390810]Stage 3
[image: ]
[bookmark: _Toc503390758]Figure 13- Stage 3 of a FSK Simulink error detection modulation
· Stage 3 shows a demodulator with 2 digital filters. The demodulator is used to reclaim the input signal from the modulated signal.
[bookmark: _Toc503390811]Stage 4
[image: ]
[bookmark: _Toc503390759]Figure 14 - Stage 4 of a Simulink error detection modulation
· Stage 4 is using the math operation to change the so that it can be compare to the original input signal.




[bookmark: _Toc503390812]Additive white Gaussian noise (AWGN)

Additive white Gaussian noise (AWGN) is a simple type of random noise in a wide range of frequency such as very low frequency range( up to 10 to the power of 12 hertz) . AWGN is normally used to show the effect of the random process that can occur in nature. AWGN can come from lots of different practices such as shot noise, thermal noise and noise from the Sun’s radiation. Within the background noise it is a communication channel. (Malaric, 2010) 

Additive

Additive allows noise to be added instead of multiplied. As shown as a equation when receiving a noise,  y(t) = x(t) + n(t) 
· x(t) by the original clean transmitted signal 
· n(t) be the noise.

Gaussian

Gaussian noise is statistical noise having a probability density function equal to that of the normal distribution. It computing a telecommunications can be affected by wide band Gaussian noise coming from many natural sources such as vibrations of atoms in conductors, body radiation and other warm objects. This where when it comes to electronic components and circuitry filtering is a must to prevent the signal from getting lost.
[bookmark: _GoBack]
White Noise

White noise is produced by combining all of the frequencies of sound together at once. Each frequency is projected at a equal amount from low to high because white noise has a equal energy distribution, white noise frequency spectrum is completely flat. Depending on the way signals are distributed over different frequencies they can be a range of colours. White noise is very good at masking background sounds, that’s why it is used in places like offices schools and library’s.



[bookmark: _Toc503390813]The Effects of noise on ASK simulation models.

[image: ][image: ]
[bookmark: _Toc503390760]Figure 15 - ASK Simulink block diagram without the AWGN block
[bookmark: _Toc503390761]Figure 16 – ASK signal without the AWGN block
[image: ]
[bookmark: _Toc503390762]Figure 17 - ASK Simulink block diagram with the AWGN block
[image: ]
[bookmark: _Toc503390763][image: ][image: ]Figure 18 – ASK signal with the AGWN set to 0DB
[bookmark: _Toc503390764]Figure 19 – ASK signal with the AGWN set to 20DB
[bookmark: _Toc503390765]Figure 20 – ASK signal with the AGWN set to 50DB
[bookmark: _Toc503390766][image: ]Figure 21 - ASK signal with the AGWN set to 100DB
	
Figure 16 shows an amplitude shift keying modulation signal without AWGN block. The output signal in figure 16 ever so slightly out of phase. To correct this, transport delay block could slowly be increased creating a small delay therefore resulting in a matching phase.
















[bookmark: _Toc503390814]The effects of noise on PSK simulation models.
[bookmark: _Toc503390767][image: ]Figure 22 – PSK Simulink block diagram without AWGN block
[bookmark: _Toc503390768][image: ][image: ]Figure 23 – PSK signal without the AWGN block
[bookmark: _Toc503390769]Figure 24 – PSK signal with the AWGN block

[bookmark: _Toc503390770][image: ][image: ]Figure 25 – PSK signal with the AGWN block set to 0DB[image: ]
[bookmark: _Toc503390771]Figure 26 – PSK signal with the AGWN set to 20DB
[bookmark: _Toc503390772]Figure 27 – PSK signal with the AGWN set to 50DB

[image: ]
[bookmark: _Toc503390773]Figure 28 – PSK signal with the AGWN block set to 100 dB
Figure 22 shows a Phase shift keying modulation without AWGN block. Figure 23 then shows the input and output signal are identical bust are out of phase. The transport delay block was increased to the amount the output signal is delayed by, this should then bring the signal back into phase. The value needed was ever small, resulting in not being completely in phase with each other but it was very close. 
Figure 24 shows the Simulink block diagram of a phase shift keying modulation with the AWGN block. Figure 25 to Figure 28 shows each input and output signal as the amount of noise (dB) increases. Figure 28 shows the input and output signal are very different suggesting that the AWGN block has affected the signal, creating errors. 



[bookmark: _Toc503390815]The effects noise has on FSK simulation models.
[image: ]
[bookmark: _Toc503390774]Figure 29 - FSK Simulink block diagram without AWGN block
[image: ]
[bookmark: _Toc503390775]Figure 30 - FSK signal without the AWGN block
[image: ]
[bookmark: _Toc503390776]Figure 31 – FSK signal with the AWGN block

[image: ]
[bookmark: _Toc503390777]Figure 32 - FSK signal with the AWGN block set to 0dB 
[image: ]
[bookmark: _Toc503390778]Figure 33 - FSK signal with the AWGN block set to 20dB 
[image: ]
[bookmark: _Toc503390779]Figure 34 - FSK signal with the AWGN block set to 50dB 


Figure 15 shows a frequency shift keying modulation without the AWGN block. Figure 30 is the result of the FSK modulation without the AWGN block, I know that the Simulink simulation is working correctly because the input and output signal are the same, therefore as noise is added errors should start to occur. 
Figure 31 is the frequency shift keying modulation with the AWGN noise block. As shown in figure 32 to 34 as the amount of noise increases so does the amount of errors. In the Analysis section of this report this will be shown in bigger detail.


[bookmark: _Toc503390816]Analysis

	SNR (dB)
	Amount of Errors
	Error rate
	Number of signals transmitted

	-50
	50
	0.5
	100

	-45
	58
	0.58
	100

	-40
	56
	0.56
	100

	-35
	48
	0.48
	100

	-30
	51
	0.51
	100

	-25
	46
	0.46
	100

	-20
	40
	0.4
	100

	-15
	32
	0.32
	100

	-10
	37
	0.37
	100

	-5
	32
	0.32
	100

	0
	20
	0.2
	100

	5
	11
	0.11
	100

	10
	0
	0
	100


[bookmark: _Toc503387600][bookmark: _Toc503387629][bookmark: _Toc503387645]Table 1 - Amount of errors detected in a ASK signal
	SNR (dB)
	Amount of errors
	Error rate
	Number of signals transmitted

	-50
	8
	0.8
	10

	-45
	8
	0.8
	10

	-40
	9
	0.9
	10

	-35
	7
	0.7
	10

	-30
	8
	0.8
	10

	-25
	7
	0.7
	10

	-20
	7
	0.7
	10

	-15
	6
	0.6
	10

	-10
	3
	0.3
	10

	-5
	2
	0.2
	10

	0
	0
	0
	10

	5
	0
	0
	10

	10
	0
	0
	10


[bookmark: _Toc503387601][bookmark: _Toc503387630][bookmark: _Toc503387646]Table 2 - Amount of errors detected in a FSK signal
















	SNR (dB)
	Amount of errors
	Error rate
	Number of signals transmitted

	-50
	97
	0.4826
	201

	-45
	86
	0.4279
	201

	-40
	93
	0.4627
	201

	-35
	98
	0.4876
	201

	-30
	90
	0.4478
	201

	-25
	86
	0.4279
	201

	-20
	78
	0.3881
	201

	-15
	73
	0.3632
	201

	-10
	49
	0.2438
	201

	-5
	31
	0.1542
	201

	0
	16
	0.0796
	201

	5
	2
	0.00995
	201

	10
	0
	0
	201


[bookmark: _Toc503387602][bookmark: _Toc503387631][bookmark: _Toc503387647]Table 3 - Amount of errors detected in a PSK signal
Tables 1, 2 and 3 all show the amount of errors each type of digital modulation gets as you increase the noise on the AWGN block.  The noise range is the SNR which is measured in decibels and is the measurement of a signal strength to background noise. All the results are over a SNR range of -50 to +10 decibels. Negative decibels is equal to higher the noise and positive decibels means lower the noise. 

[bookmark: _Toc503387517][bookmark: _Toc503387655]Graph 3 - Number of errors occurred

[bookmark: _Toc503387518][bookmark: _Toc503387656]Graph 2 - Number of errors detected
[bookmark: _Toc503390817]Error Control

The two main problems in signal transmission is noise and, which interferers with the reliability of the communication system. To control how often errors occur, error control is used. (Tutorials point, 2017)
 
The following techniques are used in error detection and error correction.
[bookmark: _Toc503390818]Linear Block Codes

“A linear code is an error correcting code for which any linear combination of code words is also a code word. Linear codes are traditionally portioned into block codes and convolutional codes.” (Tutorials Poinrt)

“Within the linear block codes, the parity bits and message bits have a linear combination, which means that the resultant code word is the linear combination of any two code words. Parity bits help in error detection and error correction, and also in locating the data. In the data being transmitted, the left most bits of the code word correspond to the message bits, and the right most bits of the code word correspond to the parity bits.” (Tutorials point, 2017)

[bookmark: _Toc503390819]Hamming Codes

Richard Hamming in 1940’s discovered that for computers to evolve they needed to be more reliable especially when it came to detecting and correcting errors. During this time people were able to detect errors but weren’t able to correct them. Richard Hamming came up with a successful 1 error correcting codes and 2 error detecting codes. Hamming codes are used in computers and telecommunications till this day. (Fiedler, 2004)
Forward error correction is a digital signal processing technique and is widely used to increase data reliability. By placing not used data, called error correcting code, prior to data transmission or storage. Forward error correction gives the receiver a way to correct errors without a reverse channel. This allows broadcasting data to be sent to multiple destinations from a single source.

[bookmark: _Toc503390820]Conclusion 

From this report it shows that adding noise from a AWGN block in Simulink drastically changed the output signal compared to its output signal in all 3 modulations such amplitude shift keying, frequency shift keying and phase shift keying. Whilst simulating each modulation in Simulink something that was very noticeable was that, as the amount of noise increased so did the amount of errors being detected. Using hamming codes as a form of error control, this gives us the opportunity to detect and correct any errors within the signals.  Looking at graph 1 it shows that the FSK signal has much fewer errors compered to ASK and PSK but it takes nearly the same amount of noise to be added to all 3 signals to get 0 errors. Even with 0 errors the 3 signals are all out of phase but to correct that the timer delay block needs to be increased.  Graph 2 shows the error rate as the noise levels increase from -50dB to +10dB, as shown FSK has a much higher error rate to begin with at the high noise levels but takes less noise for the error rate to fall to 0 compared to ASK and PSK. 
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