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Task 1
In this task I have been provided with an audio file which has been corrupted with a tone. My task is to identify and remove the tone from the audio file using a filter which is to be designed and tested. After testing the filter I will analyse the performance of my design. The file is in a wav format and named Tonelloyd.wav.
Determining the frequency of the corrupted tone
To complete this task, I will be using the software MATLAB. MATLAB has the capabilities to apply filters and plot graphs to display our wav file in the form of a frequency/power graph. I have decided to use fast Fourier transform to help find the corrupted tone. the tone is amongst the audio file, so it is important we identify it so that when it is removed minimal noise from the audio file is lost with it.
path(path,'Z:\UWTSD') % the first line sets the path for the audio file, letting matlab know where it is.

[X,fs]=audioread('Tonelloyd.wav'); % the audio file is named X and is audioread, this function reads the wav file into MATLAB.

sound(X,fs);%  This function plays the original audio file, with the tone.

Pause % the program pauses after playing the original file, waiting to be activated again by pressing spacebar.

Y = fft(X); % This line applies FFT to the original audio file and names the product Y.

Z = length(X); % This line determines the length of the original audio file, X. The value for the length is named Z.


FileRange = (0:Z-1)*(fs/Z);% The frequency range of the file is named FileRange. This sets the frequency range.

Power = abs(Y).^2/Z; % To calculate the power of the signal the abs function is used on the value of Y squared devided by the length of the file, Z.

plot(FileRange,Power); Now the frequency, power graph can be plotted, giving us a graphical representation of the signal

xlabel('frequency'); The X label on the graph is set as frequency.

ylabel('Power'); The Y label on the graph is set as power


here is the view in MATLAB:
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Here is the graph plotted:
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After zooming in on the frequency we can see the tone more clearly: 
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As you can see the frequency of the corrupted tone is 780Hz.
Designing a Filter
Once the frequency of the tone has been identified a filter can be designed to remove it.the identified frequency needs to be removed from the file, creating a new filtered file with no tone. . to create our filter we need to enter some of the conditions and do some calculations. The first step is calculating the Nyquist rate. This is done by dividing the sample rate by two. Once we have this value, we can normalise the values for Flow, Fhigh, and Tband.. The larger the Tband the more components, this means more expensive and more delay. These are the values that are used to create the filter. Here are the values I have used:
[image: ]
Once these values have been decided they need to be normalised by deviding them by the nyquist rate. This is what I input into matlab:
SNR = (fs/2) ; % Here I have called the Nyquist rate SNR. The Nyquist rate is calculated by dividing the sample rate by 2.

[bookmark: _Hlk10062889]FlowN = (730/SNR);% Flow  is normalized by dividing the value by the Nyquist rate. The new value is called FlowN.

FhighN = (830/SNR); % Fhigh is normalized by dividing the value by the Nyquist rate. . The new value is called FhighN.


TbandN =(50/SNR);% Tband is normalized by dividing the value by the Nyquist rate. The new value is called TbandN.

[image: ]Here is what I entered into matlab.

The next step is to calculate the value for N, using the Hamming window function Transition Width. This is the number of taps in the system, this value is used in the filter. N is calculated by dividing 3.3 by TbandN. This value is then rounded up or down as it needs to be a whole number.
N = (3.3/TbandN);% 3.3 is devided by TbandN and the calculated value is given the name N.

Nr = round(N); N is then rounded up or down and named Nr.


The filter can now be designed using the values just calculated.


MyFilter = fir1(Nr,[FlowN,FhighN],'stop'); % Filter is called MyFilter, and created using the fir1 function.


FF = filter(MyFilter,1,X); The filter is applied to X, which is the original audio file in an attempt to remove the tone. The filtered file is then named FF.


sound(FF,fs);% The filtered file is then played. The tone is removed, and the audio remains seemingly untouched.


Pause % Program pauses waiting further instruction.

The filter is successful at removing the audio file. Up to this point the listener would of played the program listened to the unfiltered corrupted file. Then prompted the system to play the second audio file which is the filtered audio file with no tone. The audio file is now cleaned.

Analysing the filters effectiveness
by listening to the filtered file it is clear that the tone has been removed. However it is not possible to tell how much of the file is accidently being taken with it. Here is a graph showing what is being filtered.
[image: ]
As you can see there is a very small Tband meaning not much of the file is lost.
To further demonstrate the effectiveness the I am going to subtract the filtered file from the original to find the difference. The difference should then sound the filtered tone only.
freqz(MyFilter,1,500); % to calculate the frequency the freqz function is used.
 
FilteredData = (X-FF); % subtract the filtered file from the original to find the difference (the corrupted tone).


sound(FilteredData,fs);% The corrupting tone named filteredData is played using the sound function.

 Pause 



Here is a screenshot of the workspace showing all values:
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Here is a screenshot of the program in MATLAB:
[image: ]


Conclusion
The filter met the design criteria, successfully removing the tone from the audio file. Minimal amounts of the original audio file were lost and was demonstrated on graph and through audio.

Task 2
Recent years has seen a massive increase in the evolution of mobile communications. Over the years there has been several approaches on supplying ever increasing demands for capacity on mobile networks. The first generation of mobile phones worked on what was called a total access communication system known as TACS. This was introduced into the uk in 1983. TACS was an analogue FM system which used radio frequencies. The band it used was between 890-915MHz / 935-960 MHz. Each call made on TACS had to be on a different frequency, really restricting its capacity.
(Telecom abc, 2005)
When the demand became too large for TACS networks, TDMA was introduces as the second generation of mobile networks. TDMA stands for time-devision multiple access. It is used as a channel access for networks with shared mediums. The main diffrence between TDMA and TACS is that multile users can be on the same frequency. It was first used in satelite communication but was then used in what is known as 2G. The frequencies are devided up into several time slots. Each user transmits in timeslots that happen very quickly. Each user is assigned a time slot. The message sent by users is split up into very small amounts. Each user has time slots which repete in a loop very fast. This allows many people to use the radio frequency but only use up a small amount of it each. The capacity of TDMA is far larger due to less channels being taken up by more people. Since TDMA technology separates users according to time, there can be no interference between people transmitting on the same channel. Converting a system from analogue to digital TDMA is the most cost-effective method. Even though TDMA has a far larger capacity than previous methods, it still has its limits. There are only so many users you can fit onto a channel and if the channel is full or there aren’t any free, users can be disconnected.
(wikipedia, 2019)
[image: Related image]
(Wu, 2015)
Today most of the worlds mobile communications are done on the Global System for Mobile communication. GSM works by taking users data and compressing it, then sending it down a specific channel with other streams of data sent by other users. There are two methods of transmitting data used in the GSM. They are TDMA and code-division multiple access (CDMA). Here are the three main components of the GSM system:
[image: GSM network organization]
(Rouse, 2019)
Cellular Networks
[image: ]The idea to break up areas into cells was first proposed by bell labs in 1971. Due to the limitations of frequencies capacities over large areas, something needed to be done to divide the landscape up. The plan was divide areas into hexagons all having their own mast and their own frequencies. Doing this allowed a far bigger capacity as there are far more masts and far more frequencies. Due to the shape of the landscape or the populations of the areas, cells tend not to be perfect hexagons.
With a smaller cell system, it takes less power to make calls and transmit data. This along with limited interference creates a signal of the best quality. The further the transmission the more power it takes. Transmissions that are far away transmit sooner as the signal takes longer to arrive. The more power used to transmit the signal the worse the quality. Due to companies only having limited licences for frequencies they are allowed to use this increases coverage. Using cells requires the need for transmission to be transferred from one cell to the next
When designing the cells, it was clear that cells in higher populated areas needed to have more capacity. To solve this problem cells in highly populated areas are far smaller. The denser the area the smaller the cell. Smaller cells reduce the demand on the cell freeing up more frequencies. In especially high populated areas cells are sectored making them even smaller, reducing the cluster size and reducing the channel [image: ]interference e ratio. This method reduces interference in the system but makes it more complex as it requires directional antennas rather than omni-directional antennas.
(Tipper, n.d.)
In areas with large buildings or challenging landscape each burst of data is on a different frequency and arranged in a pattern. This pattern repeats and is called frequency hopping. This method also prevents interference between cells.
Universal Mobile Telecommunications System
UMTS is known as the third generation, and involves sending packet-based transmission of data, in all forms at the rate of up to 2mbps.it is based on the design of GSM but is far more effective and becoming the world standard. UMTS uses a mixture of terrestrial wireless and satellite transmissions. Due to these services not being available world wide, users have access to both services and can switch between them depending on availability. Previous methods required circuit availability, meaning the capacity is always going to be limited. A packet based connection uses an internet connection. Using Internet protocol means the connection is always available across the world. Wideband Code Division Multiple Access (WCDMA) is most commonly used in UMTS.
(Rouse, 2006)
WCDMA has been developed under the third-generation partnership program. This method of data transmission is based on updated cell networks that belong to the GSM. Wcdma uses frequency division duplex, this separates users by using different codes and frequencies. FDD separates the uplink and downlink into two different frequencies.
[bookmark: _GoBack] The other mode it has is Time Devision Duplex, codes frequency and time is used to separate users where the same frequency is used for uplink and downlink. WCDMA has the capabilitys to increase a signals bandwidth artificially, due to it being an air interface technology.
(techopedia, n.d.)
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