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Abstract

This report is aimed at comparing three different types of digital modulation, ASK, FSK & PSK respectively.  These types must then be simulated using MATLAB software and the results compared with respect to bit error rate to establish effectiveness of the three different types in the presence of Additive White Gaussian Noise AWGN.
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[bookmark: _Toc503532858]Digital Modulation

Modulation is the process of transmitting data across a channel.  These systems will include a modulator and de-modulator.  The modulator will vary the properties of the carrier signal (which is a periodic waveform) with a modulated which contains the information that is required to be transmitted 

De-modulation is the reverse process of modulation and decouples the signal back into its original form.
Within this report digital modulation techniques will be analysed and compared.  However, the basic aim of digital modulation is the same.  The aim is to transfer a digital bit stream over and analogue channel.

There are three techniques that will be looked at PSK, ASK and FSK.
[image: ] [1]



[bookmark: _Toc503532859]PSK
PSK or phase shift keying uses a variation of phase in the carrier wave in order convey the data being transmitted.  This modulation occurs by changing the sine and cosine input waves at a set given time period.  This type of digital modulation is commonly used in wireless, LAN and Bluetooth application.

PSK uses a set number of phases with each phase having a unique set of binary code to represent the signal that is being transmitted [2]

Advantages – less error than ASK while using the same bandwidth as ASK
		  Higher data rate compared to FSK                            Disadvantages – more difficult to detect/recover signal compared to ASK & FSK [3][image: ]
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Above can be seen a basic PSK modulation scope output.  It can clearly be seen the phase shift occurring depending on whether the logic is high or low.










[bookmark: _Toc503532860]ASK
ASK or amplitude shift keying uses modulation of the amplitude of the carrier wave to transmit binary data.  In an ASK set up the when a binary symbol of 1 is present there will be a fixed amplitude and frequency of the carrier wave of a set amount of time usually given in seconds, if a binary 0 is present then this will be transmitted. This technique is commonly used in fibre optic applications [2] 

Advantages – simple
Disadvantages – more susceptible to noise as noise generally only affects the amplitude [3]

[image: ]
[image: ]
Above can be seen a basic ASK modulation scope output, it can be seen how the amplitude shifts depending on whether the logic is high or low.

[bookmark: _Toc503532861]FSK

FSK or frequency shift keying is the final version of digital modulation that will be discussed.  With this technique the frequency of the carrier wave is modulated.  With the modulation of the frequency the data is transmitted.

When transmitting binary data 1’s are called the marked frequency and 0’s are called the Space frequency.  This application is generally used in amateur radio or emergency broadcast. [2]

Advantages – less susceptible to errors 
Disadvantages – spectrum is 2 x that of ASK
[image: ]
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Above can be seen a basic FSK scope output, it can be clearly seen the frequency responding with a change in logic.








[bookmark: _Toc503532862]Noise in digital modulation

In its basic sense noise is a disturbance in an electrical signal that occurs when transmitting a signal into space, a copper line or the atmosphere.   This noise can come from both natural and man-made sources.  With respect to digital modulation noise can affect the way the signal is received i.e. the received signal will differ from the signal that was sent. For the purposes of this report the noise that will be analysed is Additive White Gaussian Noise or AWGN.  

[bookmark: _Toc503532863]AWGN
AWGN will be introduced into the signal to simulate types of noise that would occur in nature, this type of noise is used to simulate background noise of the channel in question.

What does AWGN mean?

Additive - this means that noise is added to the transmission signal rather than multiplying it.  This can be represented in a simple equation y (t) = x (t) +n (t) where x (t) is the original signal and n (t) is the added noise

White – This mean uniform emissions at all frequencies.  I.e. the noise will be present at the same power levels at all frequency bands.

Gaussian – As thermal noise is random in its nature we cannot simply take this away from away from the received signal.  If Gaussian disturbance is low (0) then it is not too much of a concern however if the disturbance is high there is a greater chance for errors to occur.  To get around this the power of x (t) (original signal) must be increased [4]





The below block diagrams show both the modulation and de-modulation segments of digital modulation.  They also introduce AWGN as well as filters to ensure only the required frequencies are being received and that the original signal is able to be recovered.  

[bookmark: _Toc503532864]PSK with no AWGN
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This segment of the block diagram shows the modulation element and uses a Binary generator to feed a random input of data into the system
This area is the de-modulator side and the filter to try and get the input and output signals the same
This area of maths functions is used to ensure that the output and input signals are the same
This segment is used for error rate calculations

This segment is to align the input and output phases by means of a time delay
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[bookmark: _Toc503532866]Bit error rate for PSK
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When transmitting data error or noise can and does occur, this is bad thing as the original transmitted signal should be identical to the received signal but due to conditions mentioned previously this doesn’t always happen.  To ensure that the transmitted & received signals are exactly the same error control coding is introduced.  This process involves detecting and the correcting the errors that occur.  There are many different type of error correction but for this report hamming code will be discussed.

There are 3 main types of error that occur, single bit error, multiple bit error and burst error.

Single bit – This type of error generally only occurs in parallel and only effect 1 bit i.e. one value changing from 1 to 0 or 0 to 1 [5]
[image: ]




Multiple bit error – This is when multiple bits get effected i.e. 1100 to 1000 etc
[image: ]













[bookmark: _GoBack]Burst error – With this type of error bursts of data can get effected usually 2 or more bits.
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[bookmark: _Toc503532874]Error detection and correction

Error detection – When transmitting data, extra data are added to detect if this data has been corrupted during transmission.  These bits will normally be added as the end of the data sequence and are known as redundancy.  It is known as redundancy since the extra data is redundant to the information needed.
There are three main types of redundancy check, vertical, longitudinal and cyclic.

Vertical redundancy checks can detect all single bit errors and burst errors but only it can only detect errors in the burst error if the data unit is odd
Longitudinal can detect both even and odd data units in burst error.

Error correction – error correction works in 2 ways, 1) sender can have the receiver send the entire data stream again or 2) use an error correcting code to correct the errors in the data stream.  Error correction can be done with the aid of a Hamming code.

[bookmark: _Toc503532875]Hamming code

Named after R.W Hamming of bell labs, hamming code uses the parity bit concept to detect and correction errors with the transmitted data stream.  This method adds extra data to the data stream to check the validity of the data, by using more than one parity bit the error correction code can not only identify a single bit error but also its location within the data stream. This will typically consist of 4 bits of information and 3 parity bits to check for any error that may have occurred. An even parity bit will occur when the data has an even number of 1’s i.e. 1001, parity bit will = 0, odd number of 1’s i.e. 1011, parity bit will = 1
An odd parity bit will occur when odd number of 1’s i.e. 1011, parity bit will = 0
Even number of 1’s i.e. 1001 parity bit will = 1

In data transmission there is an transmitter and receiver, the role of the receiver is to collect the data and detect any errors that may have occurred through noise in the transmission, this is known as forward error correction (FEC).  However, when there is a lot of noise present this can increase through put on the data link.  In order to avoid this extra correction bits must be added to the transmission, but this doesn’t always offer a cost advantage over re-sending the data again.  By using the block parity method of the Hamming code FEC is much less expensive to put into play. [6]

[bookmark: _Toc503532876]Longitudinal redundancy check LRC

In this method a block of bits are arranged in a rows and columns format.  A parity bit for each column is then calculated.  Once calculated these parity bits are then transmitted along with the original data.  This method can detect burst errors as well as however it cannot detect double bit error that are in the same vertical column  
[image: ]
[7]
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