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This report looks into the operation and performance of the various “shift keying” modulation/transmission methods, with the influence of a white Gaussian noise channel (AWGN).
The methods of signal transmission will be compared with each other to determine which is more efficient. The methods of interest are Amplitude Shift Keying (ASK), Phase Shift Keying (PSK) and Quadrature Phase Shift keying (QPSK). 
The variety of modulations will be compared with the use of software simulations, to investigate there performance.
During the performance of the simulation, the original signal/intelligence will be converted though one of the three methods of modulation, than will be transmitted and travel though the medium of the channel selected.
The white Gaussian noise channel (AWGN), will gradually increase the noise of the channel with each performance test, to deliberately course interference and create distortion to the transmitted signal.
Graphs will be applied to compare the bitt error rate against power per bit of each method of modulation and compared to create a final conclusion.
 



Signal to Noise ratio
While a modulated signal is transmitted through a channel, it will be affected by the noise set by the white Gaussian noise channel/unit (AWGN) and eventually will be received to be demodulated. 
Each recovered signal will be inflicted with a gradual increase of noise with each test and will be analysed to determine the performance of the modulation technique that is used to recover the signal, which will be reflected against and compared by other forms of signal transmitting methods. 
To determine the affliction of noise generated from the channel, the AWGN unit has two particular ratio modes to indicate how great the strength of noise is against the signal.[1]
There are two ratios of interest that will be applied to alternative methods of signal transmitting. [1]
· Power per bit against power of noise density (Eb/No); used in modulation techniques that transfer bit stream with ASK and PSK.[1]

·  Power of symbol against power of noise density (Es/No); used in modulation techniques that transfer symbol stream, such as QPSK.[1]
· 
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This technique of modulation is achieved when a periodic data stream, occasionally consisting of only two value (one and zero) is imported to a sinusoidal waveform, where the information from the data stream is represented by alternative amplitude levels/bursts of the sinusoid with the frequency of the carrier wave unchanged.[2][3]
ASK modulation.
To create the Amplitude shift carrier wave, the following units are used with the accompanied steps to describe the systems operation.
[image: ]


Pulse generator 
To represent the information that is needed to be transmitted, a “Pulse generator” is put in place to produce a periodic signal which is considered to be the bit stream.
[image: ]
The image that follows, displays the output of the “Pulse Generator”.

[image: ]





Sine wave
The carrier signal that will be used to transmit the information will be a sinusoidal wave at a constant phase and frequency, which is produced by the signal generator titled as “Sine wave”.
[image: ]
The image that follows, displays the output of the “Sine wave”.

[image: ]



Product
With the bit stream setup and the carrier wave ready to transmit the information, both signals are multiplied together by the unit titled as “product”.
[image: ]
With the signals multiplied together, the “product” unit as now created as a new waveform. Looking at the output signal, the envelope of the carrier wave alters from short amplitude bursts to low periods of amplitude.
It is these high amplitude burst that resemble and represent the bits of information, which can be confirmed to be the characteristic of a ASK signal. The image that follows, displays the output of the “product” unit. 

[image: ]

 With a ASK signal established. The signal can be transmitted through a medium/channel. 
ASK signal recovery simulation 
When a ASK signal is developed by implementing a bit stream with the carrier wave, the signal can be transmitted through a channel with possible interference. After the signal is received the information will need to be to be recovered through demodulation procedures.
As a signal is being recovered, the signal may be influenced by external interference coursing distortion. To determine how well this method of signal transmission can recover signals, both the modulating and demodulating phase have been created in a circuit simulation where both original data and recovered data are compared to establish the performance of signal recovery. 
The simulation will be broken down to explain its operation.  
[image: ]


Step 1. ASK modulation.
As discussed before. To create a ASK modulation system, two signals bust be generated. One to be a sinusoidal signal, this to being the carrier and a periodic (digital) signal that will be the information to transfer.
Both signals will be put through one particular unit to multiply the signals together, the product of this unit creates a new signal, being the ASK signal. When the signal is transmitted, it will travel through the channel to reach the receiver.  
[image: ]

The signal will travel though the White Gaussian noise channel (AWGN) which will act as the medium to reach the receiver. This channel will control the gradual increase of the noise that that would inflict the signal. 
[image: ]

Due to the information comprised of individual bits, the ratio used to determine noise exposure will be the power per bit against noise power density (Eb/No).
The first step to recover the signal. Is to take the received signal and another sinusoidal wave that must have the same frequency and phase as the carrier and apply them to another product unit (product 2).
[image: ]
The output of product 2 creates a new signal with similar features as a periodic signal with oscillations to represent the data.
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To remove the oscillations and unwanted distortions, the signal is put through a filter with low-pass characteristics.
[image: ]
The outcome of the filter produces a signal that closely resembles a periodic signal and removed and noise that could affect the recovery of the signal.

[image: ]

  The signal is then pulled down with by adding a constant value -0.1. This is applied so that when the signal is applied to a unit called “sign”, it will set any positive amplitude value to a value of 1 and any negative value below the equilibrium to a negative value.
[image: ]


Appling the signal to the sign unit, has created periodic signal with positive and negative amplitudes, depicted below.
[image: ]

The signal will then be applied to the bipolar/unipolar unit that will set the signal to be to oscillate in the positive amplitude peek. 


The high for the signal it to high and will need to be reduced. A negative value of one is applied to the signal to cut of the extended peek.
[image: ]
The image below shows the signal process.

[image: ] 
This is the signal from the bipolar to unipolar converter, giving an extraordinary high peek.  







Here is the recovered bit stream signal.
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For this modulation, the bit stream to be transmitted will be applied to a sinusoidal carrier wave where each bit will be represented by the deviation of the carrier waves phase. [2][3]
Phase Shift Keying (PSK) is established with the use of a switch unit, to change from one phase of the carrier signal, to an alternative/inverting phase of the same signal. [2][3]
With the units to generate the information and to carry the data (Pulse generator and sine wave) available, the units will need to be configured as follows.
The sign wave generator will need to be connected to the top input of the switch, this is where the switch of both signals will rest and produce the carrier signal set to a particular wave shift. This generator will continuously produce a sinusoidal waveform. 
The bottom input will produce the same signal, but in an alternative wave shift. This done by multiplying the sinusoidal wave with a constant value of negative one. Thus creating an alternative signal in an inverting phase. 
The pulse generator will be connected to the middle input, to trigger the logic. With a continues sinusoidal wave at the top input, the periodic signal will switch from the main sine wave to an alternative by setting the middle pin high or low.

[image: ]


If the middle input is high or is greater than zero, then the switch will connect to an alternative input producing a signal in an alternative phase shift, represent the zero value of the bit stream. 
If the middle input is set to low, then the switch will rest at the top input reproducing the signal at that point. This will represent the value 1 of the bit stream, establishing two values to be represented by phase alteration.

   

The signals that are produced by the PSK modulation technique are displayed below. 

[image: ]This wave is the sinusoidal wave that will be used as the carrier and applied to the product unit.


 
Here is the periodic signal or data stream that will be transferred and control the logic of the middle input of the switch. 


This signal is the product of inverting the carrier signal. Notice that the phase of the signal is completely inverted. 


The signal alters phase when the bit stream diverts from a logic one to zero. This is considered to be the PSK signal. 







[image: ]

The PSK signal is then transferred though the White Gaussian noise channel (AWGN) to be inflicted by noise as the signal is transmitted. The PSK signal is received and then multiplied by the sinusoidal wave of the same frequency. 

[image: ]

The image below shows the signals received and produced in this stage.
[image: ]
The tope signal is the main PSK signal that is received from the channel and applied of the product unit. 



This is the sine wave that has the same characteristics of the original sine wave and is also applied to the product unit.


This is the output signal of the product unit and is directed to the next stage to recover the data.




The signal is put though a lowpass filter to remove any noice or unwanted signal before being applied to the add unit. 
With a cleaner signal applied to the add unit, the signal is subrtacted in position by negative two, which will cource the signal to be droped down, crossing over the equalibriuym. This will help set the signals amplitude to be both posative and negative peeks set by the sign unit. 
[image: ]



Here is the signal mixed with the sine wave and to be put through the filter.
[image: ]

This signal is the product of the filter and has been cleared of any unwanted oscillations.  



The signal here has been dropped be applied to the sign unit to create a bipolar periodic signal.

  
The signal here is a bipolar periodic signal, ready to be converted to a unipolar signal.


The bipolar is sent into the bipolar-to-unipolar converter, for the signal to oscillate above the equilibrium.
The amplitude of the signal is too large and must be by added with a negative number to subtract the peek value, resulting in the recovery of the bit stream.
[image: ]
The following image shows the development of this final signal processing stage.


Here is the signal produced by the converter, creating a periodic signal with a high amplitude peek. 





Here is the recovered signal with the ideal peek height. 
[image: ]
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Digital comms fundamental-PartV-v1-Pits per symbol-qpsk
Modulation methods such as ASK and PSK transmit a sinusoidal signal that consists of a modulated serial bit stream, which each bit is represented by either the envelope or phase of the signal. 
Other modulation methods such as M-ARY, allows both the envelope (Amplitude) and phase (frequency) of the signal to represent the information.
With this modulation scheme, there are two degrees of freedom to represent two or more bits of information simultaneously, instead of just a single bit as ASK and PSK. With this degree of freedom, the bits of information can be grouped together, a number of bits grouped together are called a symbol. [2][3]
Instead of a serial single bit stream, symbols creates multiple levels within a new stream,  each level is indicated by the symbol, that consists of variations of grouped bits, establishing a symbol stream. [2][3] 
An example of is displayed below. [2][3]

     
This Increase the bit transmission rate, therefore, allowing the carrier signal to transmit more than one bit of information.  
The modulation technique that is investigated for its recovery performance in this section, also represents grouped bits per symbol, called Quadrature Phase Shift Keying (QPSK).


The modulation technique, Quadrature Phase Shift Keying (QPSK) also transmits the information by a sinusoidal wave. Each grouped bit or symbol is represented only by the shift in the sine wave with the wave’s amplitude and frequency remains constant throughout.  [2][3]
This method of modulation only applies two bits per symbol. Where there are two bits per group, this gives four variants which is called a symbol. [2][3]
To indicate which shift in the wave will represent the information, a constellation diagram is created.
This constellation diagram states, which shift of the sine wave, will represent the symbol, depending on other M-ARY modulation schemes, which amplitude with the addition of phase alteration will represent the symbol. [2][3]
The position of each symbol for this modulation technique is separated by the phase angle of 90 degrees. As stated before, when the sinusoidal wave is at a particular phase, it will represent a symbol.[2][3]


[image: ]




The information is created by the unit titled random integer. This will create a random sequence symbols, creating multiple level. 
The signal comprised of random symbols is then sent in to the “integer-to-pit” converter, which will produce two new bit streams.
These signal are sent to a de-multiplexer to direct each bit stream to be modulated individually.    
[image: ]
The images displays a symbol stream produced by the random integer that is then sent to the integer-to-pit” converter to produce individual bit streams then, sent to the de-multiplexer. 

[image: ]


When each bit stream is diverted to their own section, they are converted from unipolar signals to bipolar signal, this can be confirmed by the signals having positive 1 and negative 1 amplitudes.
The signals is then mixed with sinusoidal carrier waves to transmit the signal.
[image: ]



Image of signal converted from unipolar to bipolar.
[image: ]

Image of signal combined with sinusoidal to produce carrier wave with information.
[image: ]


Transmitting signal is then sent through the White Gaussian Noise Channel (AWGN) to apply noise to the signal.
The transmitting signal is then received and put through the product unit to add another sinusoidal wave.
[image: ]

The signal that wave produced by the product unit is displayed below. 
[image: ]


The signal from the product unit will be then sent to the filter with low-pass characteristics, where any noise or distortions will be removed.
Before transmission, the signal was set to a bipolar configuration. To ensure that the signals amplitude is correct, the sign block used to correct any alteration. 
With a periodic signal with positive and negative amplitudes, the signal can be converted to a bit stream with the bipolar to unipolar unit. 
[image: ]


The signal at the top of the image shows the filtered signal with small trace of noise that’s insignificant. The filtered signal is then sent into the sign block to ensure amplitude levels are set to periodic level signal with bipolar configuration, displayed in the middle. 
The signal at the bottom is a unipolar signal, which is now identified as a bit stream and ready to be combined. 
[image: ]



Both signals are put together in the same medium, with the use of the multiplexer. With both bit streams together, they can be used to re-create the symbol stream that was produced before. 
[image: ]
[image: ]
The top of the images shows both bit streams but together from the multiplexer. 





The signal displayed in the middle, shows the outcome of combining both bit streams with the use of the bit-to-integer converter.
The signal reconstructed from two bit streams.




The signal at the bottoms shows the original signal before modulated.
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Comparing the noise ratio of both modulating systems, it appears that QPSK has a more reliable performance for recovering data.
Although the other modulations are efficient means to transfer data, QPSK is more effective than the others. 
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