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[bookmark: _Toc7594393]ABSTRACT
The premise of this report is to document and produce results throughout the construction of a PSK modem as well as the creation of varies other modulation. The varies other modulation types that will be research within this report will be QPSK and QAM, as these are the two most common variations of PSK modulation used to transmit data wirelessly. Hamming code error checking will also be look at within this report to filter out errors that may arise in the creation if the modem models. The methods used throughout the report will mostly be using DSP (digital signal processing) theory to create the models within an application called Simulink. Simulink is a program created by a company called MathWorks as a means to simplify the creating of DSP models. The major findings within this report show that a working PSK system was created to specification that was set, this system correctly created a random binary string, modulated the wave in the correct modulation type, added and filtered out white gaussian noise, demodulated the filtered wave and then produced the original data with little to no errors with in the graph. The testing criteria for the success of a model was to observe the modulation and demodulation of said model and compare this to PSK modulation theory waveforms to see of the where the same, the demodulation side of a model was considered a success if the original data was produced. Recommendations for future work would be to start the project sooner as to leave enough time for the creation of a physical prototype for testing along with researching and experimenting with more modulation and error checking methods.
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[bookmark: _Toc7594397]Aim
The main aim of this report is the design and implementation of a PSK digital modem, by using MATLAB’s Simulink as a medium to create the modem and filter designs.
[bookmark: _Toc7594398]Objectives
The objectives are to:
· Create a working model of PSK modulation and demodulation within Simulink.
· Create a clock recovery system for the working PSK modulation and demodulation model using Simulink.
· Create a variety of different modems using different types of PSK modulation/demodulation etc QPSK and QAM.
· Create encoding and decoding systems for such hamming code.
· Create models for each of the modulation which contain hamming code.
· Evaluate the finished design by taking the result and comparing it with the inputted data to see if there are any differences.











[bookmark: _Toc7594399]Structure of the Report
The format of this projects beyond this point will be split into three distinct sections, the first being the theoretical side of the report, which is made up mostly of research and a literature review, where this will contain background research into various important topics about the project as well as research into previous research done into the main project at hand, and various similar products that are for sale right now. The second part of the report will document the process of creating the basic models on Simulink as well as the various other subsystems needed to complete the objectives outlined within section 1.2, as well as the testing methods that will be used to determine whether the project was a success or not. The third and final section of the report will detail the results and findings of the final simulation, as well as a discussion on the results, an evaluation on these results and then a conclusion wrapping up the project in a whole which will also contain recommendation and suggestions for the next time this project is attempted.



[bookmark: _Toc7594400]Research and Review of Literature
[bookmark: _Toc7594401]Introduction
The premise of this section is to provide a brief explanation of what the project is going to be and to provide in depth background research into the main key topics that will be used throughout this project as well as information on some of the theories related to the main topic. This background research will be produced in the form of a literature review of some of the existing projects that are available on this topic and various other journals and textbooks that outline the basics of the topic.

[bookmark: _Toc7594402]Modems

The first topic within this literature review, will be to determine what exactly a Modem is. More importantly how do digital modems work, what do they exactly do and how do they differ to their counter parts analogue modems. A modem is a combination of the word’s modulation and demodulation, a modem is basically a device used to send digital data over a phone line [1]. For this communication to work two modems are needed one on the sending end (A server) and one on the receiving end (Your home). The way this data is transferred is as follows, the sending modem reads in a digital signal then modulates the data into a different type of signal that is compatible with the telephone line, the receiving modem then reads in this signal, then demodulates it back into its original form [1]. These modems can also be wireless, this means that once the data is demodulated into its original sent form it is then modulated again into radio waves which are then transmitted and received [1]. The difference between a digital and an analogue modem is that digital modems modulate and demodulate data between various digital signal types such as VDSL and coax, an analogue modem modulate and demodulate digital data into analogue signals such as sound.

Modems mostly came into existence in the 1960’s as a way for terminals to connect to a computer via phonelines [1]. This would work as follows, a terminal which is basically just a monitor and a keyboard would be set up in an office for the user to use, then this terminal could dial in to a large central computer, this process was very restricted though and worked on a time-share, businesses would often have to buy computer time so they could connect to this central computer [1]. Following the success of this dial up terminal process in the late 1970’s when personal computers became more popular a new process was created [1], this process was called BBS (bulletin board system), this process worked by setting up a modem or two along with BBS, then the person wanting to connect to the central computer would run a terminal emulator on their computer and dial into the bulletin board [1]. This allowed for multiply people to connect to the central computer and share messages.




[bookmark: _Toc7594403]Modulation, PSK and its different types

[image: https://i.gyazo.com/efe9caae7a96daaf23309e8fd3cf71a0.png][image: ]As mentioned in the last section, modems need a process called modulation and demodulation for them to work. The type of modulation that will be examined with in this section will be on digital modulation. Modulation and demodulation are simply transforming a digital signal into a waveform so that it can be added onto a carrier wave and then transported through another medium such as the air, and then filtering and transforming the waveform back into the original digital data. The way modulation and demodulation work, in its simplest form is as follows, first digital data such as a binary number is read into a three-input switch, using ask modulation as a basis the other two inputs are connected to a standard sinusoidal wave, this will be the carrier wave. The last input will be connected to a constant value of 0, this design can be seen in figure 1. As the switch reads in the binary data whether a 1 or 0 is read it dictates how long the sine wave is on and how long a 0 is displayed, a graph of this technique can be seen in figure 2.[bookmark: _Toc7593743][bookmark: _Toc7594346]Figure 1 Simple ASK modulation
[bookmark: _Toc7593744][bookmark: _Toc7594347]Figure 2 Graph showing modulation from data













[image: https://i.gyazo.com/392516d3a5fb55ccca164a6006e46850.png][image: https://i.gyazo.com/850808fcad511cc7fa842a6dda54975a.png]Demodulation as suggested in the name is the opposite of modulation, it deconstructs the modulated wave back in the original binary data. First a carrier wave and a block called AWGN (Added White Gaussian Noise) is added, this block is used to introduce gaussian white noise in to the wave. Gaussian white noise is a type of interference that gets added to the wave form as it travels through the air. This interference is added from things like electromagnetics, electronic components or other modulated waves. The demodulation design and graph can be seen bellow in figures 3 and 4.[bookmark: _Toc7593745][bookmark: _Toc7594348]Figure 3 Demodulation design
[bookmark: _Toc7593746][bookmark: _Toc7594349]Figure 4 Resultant graphs for ASK modulation



[image: https://i.gyazo.com/e17280b455a11d3eaa7531b338ceb00e.png][image: https://i.gyazo.com/092fee30cec930920880528c6679e6fd.png]For modulation/demodulation there are three generic techniques available, these being AM (amplitude modulation), FM (Frequency Modulation) and PM (Phase Modulation) [2], the Terminology used in industry normally appends the letters SK to the first letters of the modulation type, such as ASK meaning amplitude shift keying, FSK meaning frequency shift keying, and PSK meaning Phase shift keying [2]. Shift keying is basically another words for modulation, but one only used in digital modulation. ASK is a type of modulation that augments the amplitude of a wave, as seen in the examples in figures 1 and 2, as a 1 is read in from the original data, a sine wave is introduced the length of this wave is determined by how many 1’s are read in. ASK has an advantage when it comes to creating as its simply to use [14], this modulation suffers from susceptibility to amplitude noise as well as a reduced amount of remitting power [14]. FSK is a type of modulation that augment the frequency of the wave. This means that when a 1 is read in, the frequency of the wave is increased, and when a 0 is read in, the frequency is slowed down, an example of this can be found in figure 5. Unlike ASK, FSK benefits from constant amplitude symbols this can lead to higher power-transmission efficiency [14]. FSK’s main bad point is its, poor bandwidth efficiency [14]. PSK is a type of modulation that augments the phase of the wave. This means that whenever a 1 or 0 is read in, the wave will skip a period, this is shown by the creation of an m if the data read is changing from 0 to 1 and a w from 1 to 0. This last modulation type offers a lowest relevant BER (Bit Error Rate) when optimal demodulation is used [5]. An example of this can be found in figure 6.[bookmark: _Toc7593747][bookmark: _Toc7594350]Figure 5 Example of PSK modulation
[bookmark: _Toc7593748][bookmark: _Toc7594351]Figure 6 Example of FSK modulation

The type of modulation that will be used throughout this project will be PSK and a few of its more advanced variations. PSK was chosen as it’s the most commonly used method used for communications system, another reason why PSK is being used is because it offers a low probability error [7]. PSK is an M-ary digital modulation scheme similar to conventional phase modulation [7]. The input data is encoded into groups of bits before being modulated to the carrier [7]. This type of modulation also has other strong points, these being W(DB) and necessary bandwidth. A comparison of some of the common methods of modulation can be seen in table 1 [2].

[bookmark: _Toc7594387]Table 1 CCIR Comparison of common modulation methods [2]
	System
	Variant
	W(DB)
	Necessary Bandwidth
	Remarks

	ASK
	Full-carrier binary double sideband with envelope detection
	17
	FB
	Simple, Wasteful of bandwidth. High signal power.

	PSK
	Two-Level
	10.5
	FB
	Fairly simple, tolerant to distortion, wasteful of bandwidth

	FSK
	Two-Level
	13.4
	FB
	Simple, Wasteful of bandwidth


 
The table found above is a small section taken from reference 2, this table shows a comparison of factors between simple forms of the common modulation methods used. Before discussing the results in the table some back ground is needed on some of the sections within the table, sections such as W (dB) and necessary band width. The W section is the carrier-to-noise ratio produced from the modulation. This process can be expressed as , where: 
 = received signal power (the highest value of the mean power during any bit period).
 = noise power density at the receiver.
 = bandwidth equal to the bit rate of the binary signal before modulation [2].

Necessary band width being the amount of bandwidth needed to transmit the data this can be given by:

Where:
F = a design factor depending on the implementation approach. For efficient methods F is generally between 1 and 2.
B = bit rate of the binary signal before modulation,
R = symbol rate (Mbaud/B) [2].

As can be deduced from table 1 is that PSK has a low signal to noise ratio. This means that this type of modulations waveform is less likely to be distorted by gaussian noise or other interference made by electronic components or other waves passing through it.

Modern digital transmission systems use complex vector modulation to increase spectrum efficiency, some of these modulation types being QPSK and QAM [8]. Traditionally, heterodyne systems have been used to generate these modulations because it was not possible to design direct radio frequency modulators [8]. Direct modulation offers considerable advantages over heterodyne modulation in terms of system complexity (less cost and size) and performance wise (wider bandwidth and higher data rates) [8]. This leads on to talk about more complex modulation types, that stemmed from PSK. The three most common types of modulation that came from PSK are BPSK (Binary Phase Shift Keying), QPSK (Quaternary Phase Shift keying) and QAM (Quadrature amplitude modulation). To start BPSK, it is common place to refer to BPSK simply as PSK [3] as they are basically created the same and have the same waveform after modulation. 

QPSK can be explained as a method of transmitting information across an analogue channel [4]. In QPSK the input data is grouped into dibits, these each have an original combination of which is used to produce a unique phase shift of the carrier wave [3]. This method is the most used modulation type for wireless transmission [4], this is because it is resistant to BER (Bit Error Rate) degradation while the bandwidth efficiency is increased [4]. Table 2 taken from reference 3 details the different combination of dibits and phase amplitudes that can be produced from QPSK. 

[bookmark: _Toc7594388]Table 2 Phase shifts in QPSK [3]
	Dibit
	Phase shift
	In phase amplitude I
	Quadrature amplitude q

	00
	π/4
	+1
	+1

	01
	3π/4
	-1
	+1

	11
	-3π/4
	-1
	-1

	10
	-π/4
	+1
	-1



In effect I and q represent pulses of amplitude ±, occurring at half the original bit rate, which are used to multiply the in-phase and quadrature carries [3]. The resulting quaternary PSK can be represented on an I/Q diagram of the type shown in figure 7 bellow, this also shows the possible phase transitions which can occur [3]. An example of the resulted waveform is also shown below in figure 8. 


[image: Image result for QPSK constellation diagram][bookmark: _Toc7593749][bookmark: _Toc7594352]Figure 7 QPSK waveform

[bookmark: _Toc7594353]Figure 8 QPSK constellation diagram [4]

[image: https://upload.wikimedia.org/wikipedia/commons/b/be/QPSK_timing_diagram.png]Errors will occur if noise in the radio channel is to great as to channel one dibit into another, QPSK has the same performance in terms of received bit error rate (BER) as PSK/BPSK [3]. This is because the in phase and quadrate make it easier to decode the signal but don’t increase the spacing between the dibits in the signal constellation, and so have the same performance as PSK/BPSK [3]. Given these points,  – QPSK is the best of this family of techniques because it is less prone to non-linearities in the power amplifier, a similar argument applies to QAM [3].

QAM is a combination of ASK and PSK that creates a hybrid system such as amplitude and phase shift keying occur, this means the amplitude and the phase can be changed at the same time [6]. QAM is a scheme which transfers data by changing the amplitude of two carrier waves, these two waves are also then 90° out of phase with each other and thus is called a quadrate carrier [6].

QAM can be very efficient, QAM using 16 dibits (16 QAM) can transmit four bits per dibit and has a BER performance about the same as QPSK [3]. QAM is also often used in high speed voiceband modem implementation [5]. This is because of their limited channel bandwidth, when compared with a QPSK system of equivalent bit rate [5]. Just like QPSK each individual level is represented by a unique combination of I and q (dibits) [3]. The major difference between QAM and QPSK is that the former does not have a constant envelope and thus linear amplifiers are essential, the I/Q diagram for QAM with 16-level pulses is shown below in figure 9 [3].

[image: Image result for 16 QAM]
[bookmark: _Toc7594354]Figure 9 Constellation Diagram for 16 QAM

[bookmark: _Toc7594389]Table 3 Comparison of some digital modulation waveforms [2]
	Waveform
	Theoretical (b/Hz)
	Practical (b/Hz)
	
	

	QAM
	2
	1.7
	8.4 dB
	9.5 dB

	FSK
	1
	0.8
	12.5 dB
	11.8 dB

	BPSK
	1
	0.8
	8.4 dB
	9.4 dB

	QPSK
	2
	1.9
	8.4 dB
	9.9 dB

	8 – ary PSK
	3
	2.6
	11.8 dB
	12.8 dB



Table 3 is a section of a table found in reference 2 which shows a comparison of the digital modulation waveform discussed within this section. Within table 3 is also a comparison of the theoretical and practical spectral efficacy (i.e., bandwidth utilization) and performance [2]. 


Filters and noise

Many system problems arise at throughout the transmission process, which can result in the distortion of a signal. Outside disturbances tend to deteriorate the system by masking or otherwise confusing the correct signal point degrading error performance [2]. One such disturbance is additive gaussian noise or AWGN (Additive gaussian white noise) [2]. AWGN is a noise channel, this channel effects the signal being transmitted when random signals pass through the channel [6].  Another outside disturbance is created by cochannel or adjacent channel interference [2]. Here the bandwidth of the system is more vulnerable to interference since less interference power is required to push the transmitted signal point to an adjacent point, thus resulting in a hit causing errors at the receiver [2]. The last issue for the system engineer is distortion from the system itself [2], such as components within the system.

To combat these disturbances a filter is needed to clean the additive noise from the waveform. One type of filter used in digital systems are alternative pulse shaping filters, one example of this is a raised cosine impulse response [3]. The way this filter works is by using the Fourier transform of a raised cosine frequency response, the frequency is defined below [3].

 
 
 

 α in this equation is equal to the roll-off factor and is a chosen number to compromise between the pulse bandwidth and ini (inter-symbol interference) [3].

To calculate α the following equation can be used  , where  is equal to the frequency of the bandwidth that the raised cosine filter exceeds  (the cut off frequency of the ideal low pass filter) [3]. So, the lower the value of α the narrower the bandwidth will be of the transmitted waveform, but the inter-symbol interference will be greater [3].

[bookmark: _Toc7594404]Error checking

One of the most important topics for this type of project is error checking. Error checking is a means of calculating whether the demodulated signal at the end of the receiver has any mistakes compared to the original binary signal fed into the modulator.

One of the methods of error checking that will be used during this project will be hamming code. Hamming code is a form of error checking known as a linear code, this codes function is necessarily to make the code simpler to decode, however it does make the code easier to construct [3]. A linear code can also be considered as a two-dimensional grid of integers [3]. A two-dimensional code can be shown as such a message I is encoded into a two-dimensional codeword for example I, 2i. The codeworks that can be generated are as follows A(0,0) (i=0), B(1,2) (i=1), C(2,4) (i=2), D(3,1)=(3,6 mod 5) (i=3), E(4,3)=(4,8 mod 5) (i=4) [3]. The best codes that can be generated are formed by functions that can cause a wide spread of codewords with a large distance between them, this is because the error correcting ability of the code is dependent on the minimum distance [3].

[image: ]The below example, figure 10 shows a one error correcting code [3], the error in this case can change one dimension by one unit [3]. Each of the grid points which is not selected by a black dot is at most one horizontal or vertical potion away from a selected point [3]. An example of this can be shown also bellow in figure 11, this figure shows the radius around each point and assigns each non-selected point with the lower-case letter of the nearest selected point [3]. If any of the small letters where to be received it can be shown that the corresponding capital letter was sent [3].
[image: ][bookmark: _Toc7593752][bookmark: _Toc7594355]Figure 10 Error correction mapping of code [3]

[bookmark: _Toc7594356]Figure 11 Example of a one error correction linear code [3]
Linear codes are much easier to employ because instead of needing to record the details of every codeword, it is much easier to record details of the linear functions and multiply the message by that [3]. However, error correction is not that simple, some linear codes have a pre-defined method to detect the nearest point in the presence of errors, but in lemans terms the better the code (the number of errors it corrects, and the additional bits added), the more complicated the decoding is going to be [3].

Linear code can also be defined by generating matrixes made up of code words this is where hamming code can really be shown in action [3]. the way in which these matrix’s (grids made up of 1’s and 0’s) are made is as follows the generator matrix G has k rows and n columns, all code words can be formed by adding in rows, so the codeword for c, is formed from message, m, so c=m*G [3]. The structure of G is such that when it is put in standard echelon it has a different structure in the form  [3]. This matrix has a corresponding matrix, this matrix is called the parity check matrix which is used to decode the code passed through the original matrix G [3]. A parity bit is a combination of 1’s and 0’s added to the end of a string of binary data to tell whether there have been errors in the transmission of the code. If the data that was being transmitted had been corrupted by errors in transmission, then changes in the parity bit check matrix can be used to distinguish the errors.

An example of a (7,4) single error correcting hamming code can be seen as follows.

 

The parity check matrix Is shown as:
 

The hamming code output of the matrix found above is c = mG, where G is the generator matrix. This code has 16*() possible messages these can be seen in table 4 found bellow on the next page [3].

[bookmark: _Toc7594390]Table 4 Possible messages and code words for a (7,4) Hamming code [3]
	Message
	Codeword
	Message
	Codeword
	Message
	Codeword
	Message
	Codeword

	0000
	0000000
	0100
	0100101
	1000
	1000110
	1100
	1100011

	0001
	0001111
	0101
	0101010
	1001
	1001001
	1101
	1101100

	0010
	0010011
	0110
	0110110
	1010
	1010101
	1110
	1110000

	0011
	0011100
	0111
	0111001
	1011
	1011010
	1111
	1111111



If there is no error, the syndrome is 000, with the message being the first four bits of the codeword [3]. The syndromes for all possible errors are shown in table 5 found below. Since all the codewords are distinct, any single error produced within them can be corrected [3]. If the syndrome is non-xero, the appropriate bit is corrected [3]. The (7,4) means the number of bits used for the message being four and the resultant codeword being seven.

[bookmark: _Toc7594391]Table 5 Syndromes for a single bit error [3]
	Single error in position
	1
	2
	3
	4
	5
	6
	7

	Syndrome
	110
	101
	011
	111
	100
	010
	001




Clock and carrier Recovery
Here will be a brief background research into clock and carrier recover along with some methods discovered though research. In data communication systems, proper recovery and tracking of symbol rates are important for good performance [12]. With the demand for such big quality data transfer, high definition television, and video calling, these may require telecommunication networks to operate at high capacities [15]. It’s important of modem receivers to be equipped with adaptive equalizers [12]. One type of clock recovery available in QAM is Symbol-clock recovery [13]. This I already a well-established topic in communication systems design [13]. On the other hand, the availability of lower cost and higher speed DSP components has allowed for the creating of all-digital modems making use of suitable clock recovery systems [13]. Another method is all -optical clock extraction, where the clock frequency can be tuned within a large frequency range [15].


[bookmark: _Toc7594405]Conclusion

In conclusion to this section the following can be ascertained, modems come in two different types digital and analogue, digital being a device which modulates/demodulates a digital signal from on variant to another, while an analogue variant switches a digital signal into and analogue signal e.g. sound. Modulation/demodulation is the process of adding digital data onto a sinusoidal wave, this can be done through three simple processes ASK, FSK or PSK. ASK uses amplitude shifting to modulate binary data onto a sine wave by either increasing the amplitude of the wave when a 1 is read in or by producing 0 amplitude when a 0 is read in. FSK uses frequency shifting to modulates a piece of binary data onto a sine wave by speeding up the amplitude of a wave whenever a 1 is read in, then slowing it down when a 0 is read in. PSK uses phase shifting to modulate binary data onto a sine wave by shifting the phase of the whole waveform 180° when a 1 or a 0 is read in, this results in an m or w formation in the wave with the m being for a 1 and a w being for a 0. PSK also has a few successor modulation types these being QPSK and QAM, these use four bits to transmit data instead of the two bits PSK uses, meaning that QPSK and QAM can transmit a larger quantity of data.

These modulated waves once transmitted through the air can be exposed to a phenomenon called gaussian noise, this is distortion added to the wave by nature and manmade means, such as components within the system itself. This distortion means a process called filtering is needed to filter out the additive gaussian noise so that the wave can be demodulated correctly. Lastly to make sure that the received demodulated data is the same as the data that for originally sent a process called error checking is applied to the system. The specific type of error checking that will be investigated within the project is (7,4) hamming code, this being a process that by adding three parity bits to the end of a four-bit message allows the process to distinguish between three different errors and correct one of the errors.

The next section will be going through the research and development methodologies, during this section a general discussion will be made on the research design, philosophy of the project, research methodology and the research methods for collecting data e.g. simulation testing or questionnaires and surveys, the relationship to the aims and objectives and the research will also be discussed within this section. The overall aim of this next section is to mainly discuss the relationship between the research being carried out and the aim and objectives set at the start of this report as understanding and knowledge on the subjects develops.

[bookmark: _Toc7594406]Research and/or Development Methodology
[bookmark: _Toc7594407]Introduction
As detailed at the end of the last section this section will be a general discussion about the research process, research philosophy, research methodology and the research methods used for the collection of data. Throughout this section explanations on why the specific methods were chosen and the advantages and disadvantages to these methods.

[bookmark: _Toc7594408]Research Methods used
[image: https://i.gyazo.com/34b1a0e1041dc6de2af9c4f1bfb13ca9.png]
[bookmark: _Toc7594357]Figure 12 Methods Wall
The philosophy that was chosen for the project will be the positivism philosophy. This method was chosen because this type of project does require the design, creation and observation of a system or a piece of code. Another reason why this philosophy was chosen was because of the testing that will be needed to determine the success of the project, these testing methods are mainly observation methods to determine whether the system created is doing the correct process such as modulating/demodulating correctly and to see whether the other more complex parts of the system are doing their jobs successfully.

Next the approach that was chosen for this project is the deductive approach. This is the approach that normally follows from the positivism philosophy as seen above in figure 12, but there are some factors that lead to this approach being chosen. This approach is normally chosen for projects that uses a hypothesis or a theory as their main topic, in the case of this project is to design and simulate a digital PSK modem, mainly using the PSK modulation/demodulation theory. This approach is used in scientific approaches whereas the inductive approach differs in being used in more social approaches, the deductive approach means that quotative data needs to be collected and that the project will move from a theoretical bases into a more practical one. This approach is great for this type of system as the focus of this project relies on researching a wealth of knowledge to collect data, seen as this project is to create a system that has been research toughly in the past there will be a lot of literature, journals and experiments that can be reviewed.


The three strategies that have been selected for this project are Case study, Software development and Document review. The three strategies listed are the most common strategies used in development type projects which suits this project well. Case study was chosen, as the main point of this project is the development of software, this specific strategy also entails the comparison of the created system to readily available on the market products. Software development was chosen as the whole project revolves around the use of SIMULINK to make the models for the modulator and demodulators, this is the bulk of the whole project with this needing to work for the project to be a success. Document review was chosen as it entails the collection of research information for background research into specific topics related to this project. The main information that will be collected will be on certain theories and topics that are required to complete the system such as modulation/demodulation theories, noise filtering and hamming code.

[bookmark: _Toc7594409] Software Development Methodology

There are a few development methods that will be used throughout this project, but the specific one that was chosen for this project are Feature Driven Development methodology (FDD). FDD is a practical agile modelling process that combines a number of industry standards into one process and then combines them with client specifics that they want in the software. This methodology was chosen as it is a practical process and its main purpose is to produce working software, and the main focus of this report is to create a piece of software. The FDD method has five processes to follow to make this process a success, these are:

1. Developing an overall model
2. Building the feature list
3. Planning by feature
4. Designing by feature
5. Building by feature

From analysing this list of processes and comparing them to the project’s requirements, it has been determined that this method is the best for this project. This is because these processes allow the user to carefully plan out what is going to happen throughout the project. This process also encourages the user to do regular builds of the program being created meaning that the program will be constantly growing and changing as well as making it easier on the user to distinguish errors within the system and make it easier to record progress done.

Not many issues will arise from using this method. But if any to arise they can be combatted by logically thinking through said problem and planning for future possible issues.



[bookmark: _Toc7594410]Conclusion

In conclusion to this section, the research methodologies that have been determined for this project are the positivism method, the deductive approach and the three strategies of software development, case study and document review. The positivism philosophy was chosen because the premise of this project is to create a piece of software then simulate and test the system in varies ways to gain results. The deductive approach was decided on as this project is mainly using theories to create a system, this approach also relies on a lot of background research to be done. With these theories of modulation techniques and hamming code being around for decades now there will be a wealth of knowledge to look at, these could be in the form of textbooks, journals and articles written by other people performing the same project as this one. The three strategies that were chosen because they are the most commonly used ones found in development projects. More information regarding the decision of these methods can be found in the research methods part of this section. Another key point discussed within this section is what type of development method should be used for this project. The method that was ultimately decided on was FDD (feature driven development). This was chosen as the way this method is constructed allows for regular testing of the system allowing for errors within the program to be easily seen and corrected.



[bookmark: _Toc7594411]Risk and Analysis
[bookmark: _Toc7594412]Introduction

This part of the report will make light of some of the risks that could be associated with the project and certain procedures to either prevent or lessen the impact that the risk will have on the project and the people working on the system. Another point that this section will highlight on is the certain ethical issues if any that will affect the program as well as the steps to either prevent or lessen these issues.

For the project at hand there are a few risks connected to it. Most of the risks associated are common risks that relate to time and resource management problems. But some of the risks will be problems with software and computer issues that can’t be fixed easily. A list of identified risks for this project are listed below:

1. Time management
2. Resource availability and management
3. Not meeting the requirements of the specification
4. Not having enough knowledge on certain topics
5. Software constrains
6. Not having access to certain software
7. Computer issues

To combat the first issue found on the list, a Gantt chart will help with time management. This will be created using Microsoft Project as it is readily available and is easy to use. This chart will also allow efficient time management by allowing delays to be recorded into the chart and it updating automatically as well as record any sections of the chart that are finished early.

The second risk on the list can also be prevented by using the Gantt chart. One of the key features about is Gantt chart other than recording time is that it also allows for the recording of different resources needed for each checkpoint found within the chart. This allows for the recording of room availabilities so that the user knows when they can gain access to a room.

The third point on the list is one of the trickiest to prevent as it is affected by the other risks. To combat this risk making sure that all the other risks depicted on the list are prevent or lessened will help quit, this entails deadlines being met on the Gantt chart and proper resource management being done.

The fourth point found on the list is one of the easiest to prevent. To prevent this issue more research into subjects that the user is unfamiliar with is needed, with the main topic of modems and modulation/demodulation being well experimented on over the past decades, a wealth of experiments, journals, books and articles have been published. Using these means will lessen the severity of this issues a lot.

Software constraints are another one of those unavoidable risks connected to simulation type projects. This is because if the software version isn’t up to date or the certain software being is just not up to the task at hand, the whole project can be affected by it. Unfortunately, not much can be done about this except making sure that the software being used is up to date and works for all intended testing that needs to be done.

The sixth point on the list can be combated the way the second point was with using the Gantt chart. As stated before using the Gantt chart times for room and lecturer availabilities can be recorded to be used when the user is unsure of when he needs to use the software. Another issue that could arise with this point is that licensing for certain software could have expired or not be available for the user. This issue could be unavoidable if the university can’t get access to the licenses but could be prevented if told to a lecturer or lab technician.

The seventh point on the list is another unavoidable issue if it appears. The only way to combat this is to talk to a lab technician to see if the issue can be fixed, if not a different pc would be required. Another point about this issue can be the lack of backups for work completed for the report. This can be prevented by using three mediums to back up saves on, this could be a USB drive, cloud storage or home desktop/laptop.



[bookmark: _Toc7594413]Resource Planning
[bookmark: _Toc7594414]Introduction

In this part of the section the resources that will be needed will be outlined and discusses. As mention earlier a Gantt chart will be created for this project so that time and resource management will be efficient, this Gantt chart will show the intended flow of the project and serve as a sort of checklist to show whether the project will be completed on time as intended, or whether there will be delays.

[bookmark: _Toc7594415]Resources required

To successfully complete this project as fast as can be with no delays, these resources will be required:

1. Desktop/Laptop -to be used to create and simulate the different models create
2. Simulink program – to be used to create models of the different systems needed
3. Microsoft package – to be used to write up and document the progress of the project
4. IEEE Journals – to be used as reading material on the subjects needed for the project
5. Library Books – to be used as reading material and references for the project
6. Staff help – to be used for insight on what to do next and help on certain aspects related to the project
33

[bookmark: _Toc7594416]Project Planning
To manage time and resources efficiently as stated many times previously a Gantt chart will be created to record this data. This Gantt chart can be found bellow in figures 13. The Gantt chart is split into three main sections, with these sections being background research, Design and simulation and Evaluation. The background research section contains checkpoints that will be complete throughout the first couple of months, this will include conducting varies research into information about modems, modulation/demodulation, filters, gaussian noise and finally error checking. Using the library to take out useful books, using websites and the asking lecturers will help a lot throughout these starting months to cement the knowledge that is already known or gained from these means.

The design and simulation section explains itself. This is where all the creating and experimenting of the Simulink models will take place. This will include creating the initial PSK modulation and demodulation system and then testing them thoroughly to make sure they work as intended. After this specific system needed to position the resulting graphs will be needed, such as clock recovery to bring all the components into time with each other. And carrier recovery to change the output amplitude of the output date to match the input data. After this the modulation and demodulation will be switched out for QPSK and QAM along with any other time changes in clock and carrier recovery. Then finally hamming code will be added to the original PSK modulation and demodulation to correct any error that may occur in the transmission of the wave.

The third and final section of the chart is the evaluation section. This outlines the dates at which the write up of the testing results, main documentation, PowerPoint and poster will start and end. During this time most of the work done will be the main documentation for the project. For example, writing up what has been created during the design and simulation section, what the results are and if there are any anomalies within the data and the main conclusion 
to the whole project along with some suggestions and reflection for anyone else who wants to attempt this project.
[image: https://i.gyazo.com/f4bd9e37243c4ac07aa9607e0e6be8e7.png]







	[bookmark: _Toc7593755][bookmark: _Toc7594358]Figure 13 Gantt Chart made at the start of the project


[bookmark: _Toc7594417]Conclusion

In conclusion to this section all resources that will be needed throughout his project have been listed, the Gantt chart for the project has also been created outlining the dates at which each checkpoint will start and end. These dates are just temporary though as these are subject to change, as during the year problems may arise in the collection of background research meaning a book might need to be order into the library. Time delays may occur in the creation and simulation of the software due to other conflicting arrangements or other assignments. If this were to happen having a meeting with the overseeing lecturer to help with the problem or consulting the Gantt chart to find time to rearrange checkpoints might be needed. Some holidays have not been included into the Gantt chart either such as, Christmas as doing work throughout this time will be essential for finishing the project on time.




[bookmark: _Toc7594418]Design and Implementation
Introduction

This section will document the creation of the final working system. This section will include screenshots of varies stages during the construction of the system, along with an explanation on what is happening in each of them This section will also contain the results of the testing that was conducted during simulation and give an explanation on the results recorded and whether any anomalies are present. At the end of this section will be a conclusion wrapping up the whole design and testing phase along with whether the project requirements were met.

[bookmark: _Toc7594419]Problem Formulation
The main idea for this project was submitted by one of the lecturers within the university along with others and ideas submitted form other lecturers. The overall problem set for this project is to create a system that would read in binary data, then simulate this data being modulated, transmitted through the air to a receiver and then final demodulated. The project required this modulation type to be that of PSK (phase shift keying) and for it to correctly demodulate and produce the original input data. Other requirements were also set during the year by the lecturer who originally presented the idea. These requirements would be to create a few different models using different variations of PSK modulation, and to experiment with the addition of Hamming code error checking into said systems. 

The testing process that was done to decide whether the model was a success would be to observe the end resultant data, then compare it to the original binary data. If the end data matched that of the original, then that model was considered a success. This would be the same for the Hamming error code checking model, the resultant end data would be compared to the original and the effectiveness of the encoding and decoding would be observed, measured and recorded.
[bookmark: _Toc7594420]Design
The first thing that had to be created was the PSK modulation system. Designing the modulation and demodulations parts of the system was straight forward. Most of the knowledge needed was known, when help was needed remembering how the parts were constructed lecture notes and library textbooks were consulted to finish the design. Seen bellow in figure 14 is the modulation system.
[image: https://i.gyazo.com/812cd91cb557860456b9a0cde75bb896.png][bookmark: _Toc7593756][bookmark: _Toc7594359]Figure 14 PSK modulation section

[image: https://i.gyazo.com/936f2b71663069241173235d95797d98.png]





 

[bookmark: _Toc7593757][bookmark: _Toc7594360]Figure 15 Graph showing binary data being modulated



As said in the previous paragraph figure 14 shows the design for the PSK modulation section. The way this process works is as follows, binary data is randomly created by the Bernoulli binary generator. This data is then fed into a three input along with a sine wave with a frequency of 2*pi*2 and a sample time of 1/1000 and an inverted version of this wave created by multiplying the original sinusoidal wave by -1. The actual modulation works by reading the binary data into the switch then switch between the original wave and the inverted wave, as binary is read in a constant sine wave is active until a change in logic occurs (the change from 1 to 0 or vice versa), when this happens the switch briefly switch’s to the inverted wave creating what looks like a phase shift in the wave form. This phase shift is depicted as either an m or w depending on whether the logic change was 1 to 0 or 0 to 1.

This process can be seen in figure 15 which is a comparison of the original data created compared to the modulated wave. As can be seen from this screenshot the modulation is working as intended as an m is depicted when the logic level changes from 0 to 1 and the same when the level changes from 1 to 0.

The next part of the system that needed to be created is the demodulation part of the system. Along with this demodulation part the gaussian noise was also added into the system along with a filter designed to remove this gaussian noise so the demodulation can be done without any distortion within the wave. The design for the demodulation section and gaussian noise addition and filtering can be seen bellow in figures 16 – 18.

[image: https://i.gyazo.com/1593150c4174b4c33fcc4660fef00851.png]
[bookmark: _Toc7594361]Figure 16 Additive noise and filtering section
[image: https://i.gyazo.com/c6e4904ee80c66710ad23a0e6806879b.png] 







[bookmark: _Toc7593759][bookmark: _Toc7594362]Figure 17 Demodulation section



As stated above figures 16 and 17 shows the final designs for the additive gaussian noise and filtering section along with the demodulation section shown in figure 17. Firstly, the noise section, the actual addition of gaussian noise into the wave is straight forward, this is done with the addition of one block this being the AWGN (Add White Gaussian Noise) block shown in figure 16. This wave is then multiplied with a sine wave which acts as a carrier wave, this is to simulate the transmission of the wave. Finally, the last block within this section is the filter design block, this block allows the user the freedom to create custom filters so that certain specifications can be met. For this certain design a low pass filter was designed, with a FIR filtering method and 0.2 WPASS and 0.5 WSTOP, the wizard for the filter design can be seen on the next page in figure 18.
[image: https://i.gyazo.com/e338718183916758e5012c012dd82de1.png]






[bookmark: _Toc7593760][bookmark: _Toc7594363]Figure 18 Filter design wizard

[image: https://i.gyazo.com/fae9b155dec20c945bab52b81108ec98.png][bookmark: _Toc7593761][bookmark: _Toc7594364]Figure 19 Graph of modulation and demodulation results

















Figure 19 found above shows the resultant waveforms from all parts of the system. As seen in the graphs above the random binary data is shown being read in on the Bernoulli Binary labelled graph. The second graph labelled Modulated wave shows the modulated wave. As can be seen from this graph the modulation part of the system is working as when the logic level of the binary data changes a phase shift can be observed in the modulated wave graph.

The next graph down from the modulated wave graph is the noise additive wave. This graph shows highly distorted graph of the modulated wave, this distortion with in the wave is the gaussian noise added in by the AWGN block. After this graph the next graph in the series will be the graph found in the top right of the screenshot labelled Filtered wave. This graph shows the modulated wave that has had the gaussian noise filtered out of it. The reason this graph doesn’t look like the original modulated wave found in graph two is because the distorted wave was added onto the sine wave so that transmission could be simulated.

The final graph found in figure 19 is labelled demodulated wave. As with the previous graph the name of the graph says what it displays in this case it’s the final demodulated wave. In the case of this system what can be observed in this graph is a lot of errors in the wave. The basic shape can be observed within the graph, but a lot of anomalies can be seen throughout the graph.

One of the solutions found to combat this from old lecture notes was to split the signal after the AWGN block into two lines. One of these routes was added to a sine wave while the second route was added to an inverted version of the sign wave, these where then filtered separately. The two routes were then added back to each other to make a full wave. The reason this process was done is to allow the positive and negative sides of the wave to be filtered separately as to reduce errors in the wave. The design for this system can be seen on the next page in figure 20.

[bookmark: _Toc7593762][bookmark: _Toc7594365]Figure 20 Revised PSK model

[image: https://i.gyazo.com/9c1a931143ebcee45a43c99efe6f0af2.png][image: https://i.gyazo.com/6f0bba544204637832a602e72d49ee72.png]Found above in the figure 21 are the resultant wave forms for the second design of the system. As can be seen from the graphs above the system works well with the modulation section working which can be seen in graph 2. What can also be observed from the final graph is that the demodulation section of the system is not producing any errors now, meaning the issues in the previous designs have been fixed.[bookmark: _Toc7593763][bookmark: _Toc7594366]Figure 21 Resultant graphs for revised PSK model

The next design and simulation that was created was for QPSK modulation. This design was created with help from two library books, the first one being Radio system design for telecommunication and the second one being Digital communication systems and the TETRA system. The simple design taken from the books can be found below in figure 22.
[image: ]
[bookmark: _Toc7594367]Figure 22 QPSK modulation and demodulation diagram [2][3]
Figure 22 found above shows a simple block diagram of what a QPSK modem would look like. When doing research into this topic this was the most commonly found diagram. The way this system works is similar to the normal PSK system but with a few tweaks. Firstly, the amount of data that is supplied to the system, whereas PSK is a two-way modulation type QPSK is a four-way system meaning that it needs a signal that ranges from one - four. The system then functions the same way as the PSK system where the data is introduced to either a sin or a cos wave, because there are now four different levels of amplitude in the binary stream this means that instead of only being a simple 180° phase shift, there can be four phase shifts at 90°. When the modulation is produced the typical 180° phase shift will be visible along with 90°, 270° and 360°. Found on the next page in figure 22 and 23 will be a model of the design in figure 21 in Simulink alongside the resultant waveforms for the model.
[image: https://i.gyazo.com/eaf9445c9eeefb7f66e6352083e0ede5.png]As can be seen in figure 24 above these are the four important waves needed to see whether this system is correctly functioning. Seen in graph labelled Binary data, it can be observed that four different values of altitude are being read in. Graph two labelled demodulated wave shows the resultant wave at the end of the system, what can be observed from this graph is that the demodulation works as intended but contains one error in the wave, the wave is also slightly delayed meaning there is some lag between the input signal and the output signal. A solution to this error found in the graph could be to use Hamming code to encode the data, this will be talked about later. Graph three seen in figure 24 is the modulated wave, as can be observed this is functioning as intended, when there is an amplitude change in graph one, it can be observed in graph three that there is a phase shift happening. Finally graph four shows the modulated wave containing the additive gaussian noise.[bookmark: _Toc7593765][bookmark: _Toc7594368]Figure 23 Resultant graphs for QPSK model
[bookmark: _Toc7593766][bookmark: _Toc7594369]Figure 24 Simulink model of QPSK [2][3]

[image: https://i.gyazo.com/63cdd80a4ad1778d9430bd06b2446a49.png]

The next system that was created and simulated was for QAM. Where PSK and QPSK where characterised by phase shifting either two or four bits while maintain a constant amplitude. QAM is defined by its ability to change the amplitude of the wave, this becomes quadrature amplitude modulation. An example of the I/Q diagram for this modulation can be found in figure 9 in the backgrounds research section of this report. As also said in the background research the main difference between QPSK and QAM is that QPSK lacks a constant envelop and thus amplifiers are needed. The design for this system came from two library books Digital mobile communication and the TETRA system and radio systems design for telecommunications, it can be found bellow in figure 25[image: ][bookmark: _Toc7593767][bookmark: _Toc7594370]Figure 25 QAM simple system design [2][3]

[image: https://i.gyazo.com/c8445d8b1324f29bca3963a26fb9fbd5.png] 
[bookmark: _Toc7593768][bookmark: _Toc7594371]Figure 26 Final QAM Model

[image: ]Figure 26 found above is the final design for the QAM system. This design was modelled after the simple block design taken from references [2] and [3]. The designs for the QPSK model and QAM system are similar in construction, but where these models differ is at the binary data generation. With QAM the data is generated by using a lookup table. This lookup table is already filled with data, when different integers are read into this table, the table decides which cell in the lookup table produces an output. This new data is then split into a real and imaginary number to be modulated onto a sinusoidal wave, this is so it can be transmitted. Examples of this can be seen in figures 27 and 28. Figure 27 shows the data entered into the lookup table while figure 28 shows the modulated wave.[bookmark: _Toc7593769][bookmark: _Toc7594372]Figure 27 Lookup table data

[image: ]
[bookmark: _Toc7593770][bookmark: _Toc7594373]Figure 28 QAM modulation waveform


[image: ]
[bookmark: _Toc7594374]Figure 29 QAM resultant graphs
Figure 29 found above shows the resultant graphs from the final QAM model. Graph one in this figure shows the final demodulated wave. Comparing this to the second graph with shows the original data it can be observed that the shape of each graphs are almost identical. There are a few anomalies within the wave as can be seen where small triangles form in the wave. These are the points at which errors have been created due to distortion occurring, this could be solved by using a form of error checking system which will be discussed on the next page.

Graph 4 shows the modulated data, this is working as intended. As can be observed from this graph the amplitude of the wave has been modulated as well as the waves phase. The overall requirement for this model was to modulate and demodulate data in the form of QAM, as can be observed form figure 29 above the model does function correctly.

[image: https://i.gyazo.com/03e8aaaab9cf6c70aa869057ab3e6590.png]Finally, the last model that needed to be made was for hamming code. As explained in the background research Hamming code is a process that a message (an amount of digital data) then adds three parity bits to the end of the message. These parity bits are set to specific combination for example 000, 010 or 111, these parity bits are present as protection, because there set in a specific combination if when the encoded data is read in to the decoder and one of these bits has changed, the decoder will know there’s been an error in transmission and instantly correct the parity bit that has been changed by comparing the bits to the original combination. This type of hamming called is called a (7,4) hamming code because of the fact that the encoder reads in a four bit message then adds three parity bits to the end resulting in a seven bit transition string, these numbers can be changed if needed with the four being the size of the data being read in and the seven being the end length of the string. Using this method of error checking allows for the detection of three errors but this process can only correct one error. Below in figure 30 is the design for the hamming code on its own.[bookmark: _Toc7593772][bookmark: _Toc7594375]Figure 30 Hamming code model

The design for the hamming code found in figure 27 came from knowledge and old lecturer notes about the subject.  How this design works is as follows, the Bernoulli binary block generates a binary string, this data is then read into a buffer the block then redistributes the data from a line to columns [4], the amount of data held in these columns depends on the frame data for this buffer its set to four so that the encoder can read the data. This process is illustrated bellow in figure 32.

[image: ]
[bookmark: _Toc7594376]Figure 31 Buffer illustration [9]
This buffered data can then be read into the encoder, the encoder takes the data read in (the message) then adds the three parity bits to the end of the message. This output data from the encoder then needs to be unbuffered so that its data can be transmitted, this is process in essence is the opposite of the encoder it takes the columns then transforms the data back into a line. This process is illustrated in figure 33 seen below.
[image: ]
[bookmark: _Toc7594377]Figure 32 Unbuffer illustration [10]
[image: https://i.gyazo.com/7c6204cac19740ffd543e6457fb67d35.png]
[bookmark: _Toc7594378]Figure 33 Hamming code Resultant graphs
Figure 33 found above shows the resulting waveform created by the hamming code model. Graph 1 located in the upper left shows the original data being reading. Graph 2 located below graph 1 depicts the four frame buffered data that’s needed for the encoder block. Graph 3 located below graph 2 shows the encoded data being outputted by the encoder block, the data then needs to be unbuffered so that it can be transmitted this can be seen in graph 4 located in the bottom left of figure 33.

The three graphs on the rights of figure 33 show the decoding side of the hamming code system, Graph 5 located in the top right of figure 33 shows the transmitted data being buffered by seven frames so that it can read into the decoder. Finally graph 6 located below graph 5 in figure 33 shows the final unbuffered data produced by the decoder. As can be observed by comparing this data with the data found in graph 1, the data matches perfectly this means that the encoding and decoding of transmitted data is functioning correctly and can be considered a success.

Following on from this model, on the next page will be a set of designs for PSK and QPSK which contain the hamming code design. Explanations will be given alongside every figure to explain the results of the graphs.
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[bookmark: _Toc7594379]Figure 34 PSK final model with added hamming code




 Figure 34 above shows the end design for the PSK model with added hamming code. As stateted before haming code Is added to these modulation systems to make sure that there is no loss in data. As can be seen above all that’s changed from the original PSK model is that a hamming encoder/decoder was added along with buffers and unbuffers. The addition of these blocks should reduce the amout of errors produced by the system. The two figures found below show the error rate calculations for the PSK model with and without hamming code, the display block reads in the data from the error calculation and displays the results in a coulmn, the first number represents the error rate, the second number represents the total number of errors and the third number represents the total number of comparisons made [11].
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[bookmark: _Toc7594380]Figure 35 Error rate calculation for PSK with Hamming

[bookmark: _Toc7594381]Figure 36 Error rate calculation for PSK without Hamming



[image: ]As can be seen from the results normal PSK has a total of one error being produced, while the PSK with hamming code is not producing any error. The normal PSK model normally fluctuates between one and zero errors. With hamming code being an error checking code that can rectify one error it is perfect for use in this system. So, in conclusion the hamming code model functions as intended within the PSK system, this could be because hamming code can only rectify one error and this type of modulation is only produces one error, this could be a different situation when the Hamming code model is introduced to the more complex modulations. A screenshot of the resultant waves from the PSK model containing Hamming code can be seen below in figure 37.
[bookmark: _Toc7594382]Figure 37 Resultant graphs for PSK with Hamming Code

[image: ][bookmark: _Toc7594383]Figure 38 QPSK model with hamming code

[image: ]Figure 38 found above shows the final design for the QPSK model containing hamming code. One thing was added to this design this was a unit delay block placed in between the bit to integer converter and the decoder buffer. This was added because the data entering the decoder was not of discreet sample time. So, to fix this issue a unit delay was added to return the sample rate back to 1. Below there are two screenshots of error calculation and their displayed results. Figure 39 shows the error rate for the QPSK with hamming and figure 40 shows the error rate for the normal QPSK.
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[bookmark: _Toc7594384]Figure 39 Error rate calculation for QPSK with hamming

[bookmark: _Toc7594385]Figure 40 Error rate calculation for QPSK without hamming


[image: ]comparing the results gathered for this test it is obvious that the QPSK with hamming has more errors within it. This could be because of how the hamming code was set up. It was surprising to see that every time the simulation button was pressed the QPSK without hamming code’s error calculation was zero every time. A screen shot of the resultant waves for this model can be found below in figure 40.
[bookmark: _Toc7594386]Figure 41 Resultant graphs for QPSK with hamming code

[bookmark: _Toc7594422]Conclusion
In conclusion to this section all topics discussed in the background research and specification has been met. As can be seen in figures 14-17 a working PSK modem has been designed. This PSK can be considered a success as observing the graphs in figure 19, they show that this design is indeed producing the correct modulation type in the graph labelled Modulated waveform. Figure 19 also shows that the design is correctly adding in and filtering gaussian noise as seen in graphs 3 and 4 labelled modulated wave with added noise added wave and filtered wave. In graph 3 it can be observed that the modulated wave looks distorted this means that the gaussian noise has been added correctly, also in graph 4 it shows a clean PSK modulated wave which shows that all the additive noise has indeed be filtered out of the wave. The final graph and the most important graph that needs to be concluded in figure 19 is the demodulated wave, as can be observed form this graph the overall shape of the wave is similar to original data but with a lot of added errors in the graph. This error problem was solved in the second design for the PSK system as seen in figures 20 and 21. As can be seen form the last graph in figure 21 this wave is identical to the original data found in graph one which means that this system is successfully working.

The QPSK design was created form using designs found within two library books, these references along with previous knowledge helped to understand the design that was created. This design is similar to the original PSK design just with a different method for creating the random integers. This is because the data used for the QPSK and QAM need to be into dibits so that the unique modulation can be produces. Figure 22 and 23 show the simple design for the system and the final system design. As can be seen from figure 24 these graphs show the most important graphs related to the system. The two most important graphs in this figure are the first and second, the first graph contains the original data being created and the second graph shows the end demodulated data. When these two graphs were compared their general structure was the same meaning the demodulation is working as intended. There is one error present in this graph though and that is at the start of the graph.

The QAM design was also created form using simple block diagrams that were found in the same two library books used to create the QPSK model. All modulation systems are similar to each other in the way that, each model requires filters, sinusoidal waves form transmission as well as an AWGN block. Where QAM differs from QPSK and PSK is the way in which data is fed into the system. This system requires the use of a lookup table to allow real and integer numbers to be generated as too allow the system to properly construct QAM modulation.

Creating the hamming code model on its own was fairly straight forward during this project. Problems were met though when trying to integrate the hamming code blocks into the final modulation models. Installing the hamming blocks into the different modulations was simple. They just needed to be placed before the modulation and after the demodulation. The hamming code installed into the PSK model worked perfectly producing a result of zero errors, the other modulations were not as cooperative. The QPSK model needed a unit delay before the decoder, this is because the hamming decoder will only accept data with a discreet time sample. The error rate and total amount of errors turned out to be worse than the original QPSK method without hamming code. This could be because of the design created or an incompatibility of blocks.

All Designs created throughout this process can be seen in large during the appendices.

[bookmark: _Toc7594423]Evaluation
The starting aim for this project was to create a PSK modem using Simulink as a means to do so. As can be seen in the conclusion of the last section titled design and implementation, this overall aim was completed as a fully working PSK modulation/demodulation system was create and simulated and work as it intended to.

During this project there were six overall objectives that were to be fulfilled throughout this project. There were to create a model of PSK modulation/demodulation within Simulink, create a clock recovery system for the working PSK system, create a carrier wave recovery system for the working PSK system, create a variety of models using different types of PSK modulation, create a working hamming code system for error checking and evaluate the results by comparing the end graphs to the input data.

Overall these objectives were met on time and without much hardship. This first objective was can be seen completed in figure 15, as this graph shows the modulation working. Objective two can be seen with in figures 20 and 21, this can be considered a success as the timings on the graphs that who the original data and final data are both at the same time scales. Objective three can also be seen in these figures as the graphs show that the original data and end data are at the same amplitude. Objective four can be seen completed in figures 23 - 29 as these figures show the final designs for the models along with the resultant graphs showing that they produce the correct modulation and demodulate correctly. Object five can be seen completed in figures 30 and 33, these two figures again show the final design for the hamming code model and show that the models are functioning correctly via graphs .The final objective has been completed throughout the design and implementation section as all the resultant demodulated graphs where compared to the original data entered into the system, these final models would not be in this report if this graph didn’t match.





[bookmark: _Toc7594424]Conclusions and Recommendations
[bookmark: _Toc7594425]Summary
To summarise this whole document an experiment into creating a working PSK modem was done. The main point throughout this report was to create and show a working data transmission system that uses PSK (Phase Shift Keying) modulation to transfer data on a carrier wave to a receiver that would then separate the data form the carrier wave. The bulk of the work done throughout this project was done using a software called Simulink that is sub program of a piece of software called Simulink. Simulink is mainly used for creating digital signal processing model so was perfect for the task at hand. This was used to create all the models found throughout this report as well as simulate the results. Other types of modems were also created as per request form the overseeing lecture. These where created using modulation types that stemmed from PSK. The other modulation types created where QPSK and QAM, these being the most common modulation types used to transmit data. 


The results were gathered by comparing the end waveform form the receiver with the original data entered the transmitter. If the original and end data matched, then the model was a success.

[bookmark: _Toc7594426]Conclusion
The main conclusions found during and after the completion of the project are as follows. A PSK modem was created this can be seen in the design and implementation section of this report, the final model worked as intended, it produced the correct modulation and successfully demodulated the data into its original form with little to no errors in the graph. The final model also successfully added and filtered out Gaussian noise which was added to the wave to simulate transmission through air or interference from other components.

The sub modems that were asked to be created were also designed successfully and produced results that were intended for a QPSK and QAM modem. Along with these additional modems a form of error checking was also investigated, this being hamming code. This was also successfully created and simulated within the design and implementation section.

One object that helped a lot throughout this project was the Gantt chart. This really helped manage the time that was needed to complete each task as well as the times were tasks had fallen behind schedule and times that were missing because of illness. The overseeing lecturer was also a big help throughout the whole project, advising on subjects that were lacking in knowledge as well as the overall direction in which the project was going. 






[bookmark: _Toc7594427]Recommendations for Further Research
Digital modulation is a well-researched field already there isn’t much left to conduct research in however, new types of modulation could be a field in which could yield interesting results. This could be by creating a type of modulation that is more efficient, can transmit large amounts of data or is less susceptible to distortion from issues such as Gaussian noise, other transmitted radio waves or component interference.

Research into larger capacity modulation types and distortion resistant modulations could provide more significant results than other areas. This is because have a larger capacity on a wave allows for more data to be sent, this would allow faster transmission rates for large data meaning items such as large video file or large documents could be transited easily rather than just audio frequencies such as voices from radio stations.

If more research into noise resistant waves were to be done. This would mean there would be less loss and errors in data due to additive noise. Having errors present in data is never a good thing, these errors will distort the data, sometimes making it unusable for the user. More research into this field would entail work into error checking and making this type of systems more efficient.



[bookmark: _Toc7594428]Reflection
During the time spent during this project many import skills and knowledge has been gained. The most important thing that was gained from this exploit was the cementation of knowledge that was already known, as well as gaining new knowledge within the subject area. During the time of this project a new-found appreciation for digital signal processing has been found as well as enjoyment within the field. 

A skill that has been strengthened by this project would have to be time management, this has played a key role in getting the project back on track after a long period of illness happened mid-way through the project. Using the Gantt chart and having regular meeting with the overseeing lecturer really helped to put the project back on track over this period of little to no work.

One important factor about risks during the project must be noted, as near the end of completing the write up of the whole project one of the saves for the document got corrupted. Having multiple copies of the document really helped lessen the stress and workload that would have been gained if only one save of the document was available. This is one thing that should carry over to anything to other projects, be the document important or not. This is one risk that should be at the top of anyone’s list as it has been experienced first-hand.

One last reflection would be to start the project sooner. As this project required a lot of time to design various models and make sure they all worked as intended, a hardware prototype was decided not to be created. This is because the time it would take to design all the models and simulate them, transfer the model into code, create a hardware diagram on Proteus and simulate it, order the parts and then finally build the device, it would take too much time and put the project at risk of being completed too late. If time constraints where a problem however a hardware prototype would have been gladly created to demonstrate the process of digital signal processing.
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Appendices 1 – First PSK Model
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Appendices 2 – Revised PSK model
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12.3 Appendices 3 – QPSK Model
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Appendices 4 – QAM model
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Appendices 5 – Hamming code models
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