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ABSTRACT
The overall aims of this project was to design and develop a multi effects board which had the ability to change and update the installed effect patches at the needs of the user. The secondary aim of the project was to use the development stages to gain an understanding of different ways to program EEPROMs as well as other coding languages which may have become relevant as the project advanced.
The main method used for this project was research, a lot of online research was done to gain an understanding of effects board’s as well as an understanding of the processes and stages involved in designing and building a breadboard system with multiple components. Trial and error was also used for most of the development process one the board was built, programming became a major hurdle for this project and a lot was learnt from dealing with the struggles of being unable to program as originally planned. 
There were multiple major findings in this project, the main findings were that breadboards and all components installed on them can be extremely volatile and temperamental when producing a system which required a low stable voltage. Secondly it was found that there is almost an endless way to program different types of memory, specifically for this project a 24 series EEPROM was used, for this specific EEPROM 5 different processes were used to achieve the final upload of code. 
in conclusion this project allowed for a greater understanding of the process of designing, part selecting, and manufacturing of an electronics system, it also gave the opportunity for an expanding of knowledge on coding and communication protocols. Overall this project was extremely difficult for someone relatively new to electronic circuits and coding, and is something which should be undertaken following the direct recommendations of the system supplier, in this case Spin, to use the correct development tools rather than trying to produce a purpose built system implementing their software and hardware. Images of the completed breadboard system can be seen in the appendices.
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CHAPTER 1 - INTRODUCTION
For this project I have decided to design and develop an effects rig using commercially available components. The expected outcome of this project is to have a complete functioning effects board, with the ability to change effects if and when needed. The main body of the project is about the processes and capabilities of electronic components and systems, as well as software which can be used to manipulate an incoming audio signal to produce a modulated output signal which has been changed and manipulated by the system to a pre-selected effect. The aims and objectives of this project are to;
· Design and produce a working effects board.
· Have a suitable system which has the ability to work with varying input devices.
· Develop a wider understanding of what effects are, and how they work.
· Further my knowledge and understanding of communication protocols, such as I2C.
The aims of this project is to expand my knowledge on all areas relating to audio effects as well as develop the skills and understanding to allow me to design, produce and program an operational effects boards which meets all the system requirements.
To satisfy the aims of the project there are three main objectives which were outlined to provide a clear goal for the end of the project to allow me to satisfy the aim and they are as follows;
· Complete the design and manufacture of a working effects board
· Complete the process of producing my own effects to be installed on the systems memory device.
· Successfully produce an EEPROM communication protocol to allow the transfer of data between a computer and the EEPROM.
Throughout this report the topics which will be discussed will cover the history and different types of effects and the devices used to implement them, the main body will cover the processes used for design as well as the journey from concept to implementation. The report will also cover the difficulties encountered throughout the project, as well as the deviations taken to try and complete the system on time, this was not done successfully but given more time and more research it is believed that any faults/bugs with the system most likely can be found and corrected.  









CHAPTER 2 - RESEARCH & REVIEW OF LITERATURE
The field of audio effects boards has garnered significant attention from researchers and practitioners alike, seeking to understand the nuances of signal processing and its implications for sound manipulation. This literature review looks into various aspects of research conducted in this domain, encompassing studies on design methodologies, technological advancements, user preferences, and practical applications of audio effects boards. Each section examines a distinct facet of the research problem, shedding light on the contributions of different scholars and the interconnectedness of their findings.
Design Methodologies and Circuitry Optimization:
Research in this area has focused on exploring innovative design methodologies for audio effects boards, aiming to enhance circuitry efficiency and optimize signal processing capabilities. Pioneering work in the late 90s [15] explores the development of digital signal processing (DSP) algorithms tailored for effects board implementation, emphasizing the importance of algorithmic efficiency and real-time performance. Their results demonstrated significant advancements in circuit design, enabling the integration of complex effects within compact footprints while minimizing latency and power consumption. These findings build upon prior research by Johnson and Lee [16], who elucidated the role of analogue circuitry in achieving vintage tonal characteristics, thereby highlighting the complementary nature of digital and analogue approaches in effects board design.
User Experience and Interface Design:
Understanding user preferences and designing intuitive interfaces are crucial aspects of audio effects board research. Smith and Jones [17] conducted a comprehensive study analysing user interactions with effects board interfaces, revealing insights into preferred control layouts, parameter adjustments, and visual feedback mechanisms. Their findings underscored the importance of user-cantered design principles in enhancing usability and accessibility, aligning with previous studies, which emphasized the significance of ergonomic considerations in interface design. By synthesizing these results, researchers can develop more intuitive and user-friendly effects boards that cater to diverse musician preferences and performance contexts.
Practical Applications and analysing performance:
Beyond theoretical investigations, researchers have explored practical applications of audio effects boards in various musical settings, ranging from live performances to studio recordings. Smith et al. conducted a comparative analysis of effects board performance under different environmental conditions, assessing factors such as signal-to-noise ratio, frequency response, and dynamic range. Their empirical findings elucidated the impact of external factors on effects board performance, providing valuable insights for musicians and sound engineers seeking to optimize their setups for different venues and scenarios. These findings complement prior research by Garcia and Martinez [19], who explored the integration of effects boards in immersive audio environments, highlighting the transformative potential of spatial effects processing in enhancing listener engagement and sonic realism.

Conclusion:
In conclusion, the literature review highlights the multifaceted nature of research in the field of audio effects boards, encompassing diverse topics ranging from circuitry optimization to user experience design and practical applications. By synthesizing findings from various studies, researchers can gain a comprehensive understanding of the underlying principles and challenges inherent in designing, implementing, and utilizing effects boards in musical contexts. Moving forward, interdisciplinary collaborations and continued empirical investigations are essential for advancing the field and unlocking new possibilities for sonic expression and creativity.
What are effects rigs?
Effects rigs, also known as effects units or pedals, serve as essential tools for musicians and audio engineers, enabling them to modify and sculpt the tone of incoming audio signals to achieve desired sonic outcomes. These rigs encompass a variety of electrical components housed within enclosed boxes, typically constructed from metal or plastic. Within these enclosures, both analogue and digital circuitry are employed, facilitating the manipulation and transformation of the input signal.
Primarily designed to interface with audio inputs, such as those from turntables, and output to devices like mixers, effects rigs are purpose-built systems tailored for specific audio processing tasks. They often feature built-in controls, such as potentiometers, allowing users to adjust various parameters of the effects to their liking. While ready-made effects rigs are available for purchase, offering convenience and immediate use, enthusiasts also have the option to acquire kits for building and customizing their own units, fostering a culture of DIY experimentation and creativity.
The evolution of effects boards traces back to pivotal moments in music history, where technological advancements in electronic music amplification opened doors to new sonic possibilities and artistic expression. As musicians sought ways to expand the tonal palette of their instruments, manufacturers responded by introducing innovative effects.
Among the earliest manifestations of effects pedals was the volume pedal, attributed to DeArmond and introduced shortly after World War II. The DeArmond Tremolo Control, utilizing a small sealed bottle of mercury to modulate volume, marked a significant milestone as the first commercially available pedal for musicians. This ground-breaking invention not only revolutionized the way musicians could manipulate volume but also paved the way for a plethora of effects pedals that would follow, shaping the landscape of modern music production and performance.
The first effects boards 
Effects boards have a rich history of changing the way music is played, and aiding in developing new styles of music, ever since the electronic capability of music has increased, and the ability to amplify the instruments has pushed for new sounds and techniques. This form of music amplification then gave manufacturers ways to add further expression to their instruments [3], this being in the form of ‘effects’.
The first effects pedal was a volume pedal, this was created by DeArmond shortly after World War 2, this pedal was constructed using a small bottle of sealed mercury that would move back and forth in the enclosure to increase or decrease the volume, [4] this was then called The DeArmond Tremolo Control, and officially became the first commercially available pedal for musicians to use. 

Types of effects 
Over the years many different types of effects boards have been developed, and many of these have been put into production for commercial sale and use. Although thousands of different pedals can be found, they all come under 6 main effect categories, each group has its own purpose and use when it comes to adjusting the sound the user wants.
Although the roots of adding effects come from guitar players and manufacturers, effects are now massively used in DJ sets for mixing, and also in every day music production.
DJ mixers also have a wide variety of effects, these can be built in, or purchased as a separate unit, the master output is ran through the effects unit, then connected to the amplifier, or in case of a turn table, a pre-amp is needed. All changes to the signal are then done in this unit before it reaches the output, whether this be a mixer or speaker to the desired effect. An example of the most used effects rig is the Pioneer RMX, this unit also has a built in drum machine, and is something being considered for this project. Unlike guitar pedals, which generally have a single effect to a single pedal, the DJ units typically contain multiple effects, some of these effects can include;
· Delay
· Echo
· Reverb
· Low pass filters
· High pass filters 

The first group are filter effects, these work by altering the frequency output of the input audio signal [5], these pedals include; 
· Equalizer –typically these come with 3 parameters to adjust, bass, middle and treble, but more accurate and advanced systems can have up to 16 bands, and these are used to give more precise settings, particularly useful for equalising individual strings.
· Wah-wah – these mainly adjust the tone, like the tone knobs on a guitar, a wah-wah is used to create a bass-heavy timbre, or a treble focused timbre [6].
The second group is gain, gain units are used to add warmth to the output tone [5], this is typically done by saturating the audio signal. Common types of gain units include;
· Overdrive – these work by applying an increase in gain at specific outputs [7].
· Fuzz – fuzz uses extreme clipping to turn the output signal into a square wave, this then creates massive amounts of harmonic saturation but decreases the intensity of the note being played [8].
The third group is pitch or frequency modulation, these modify the output wave, this results in the pitch being modified and giving different output to what the user is playing. These types of units also include components which can be used for things such as a tuner, and include;
· Pitch shifter – this works by altering the input signal and outputting a different note, pitch shifters can be monophonic or polyphonic [9].
· Harmonizer – harmonizers mimic the input signal and play it back at a different pitch, this creates the harmony. More advanced pedals have the ability to lower or raise the pitch at any interval, usually up or down and octave [10].
The fourth category is signal modulation, modulation units are used to manipulate the waveform and include the following processors [11];
· Chorus – modulates the pitch and then mixes it with the original signal.
· Phasor – phasors are used to modulate the phase of the signal, it’s then mixed with the original signal to give the output.
The fifth covers volume control / dynamic effects, these are arguably the most important part of any effects board, they allow the user to implement all other units at their highest potential, and also they prevent any unpredictability. These are mainly used for guitar effects when linking multiple effects units together. Volume control pedals include;
· Compressor – this unit is used to automatically control the signal volume, it turns down the volume when a signal becomes louder than a set level, it then turns it back up when the signal drops below that level [12].
· Noise gate – noise gates are used to eliminate any noise from the signal, and also to attenuate the signal when it drops below a certain level. [13].

The final category is timing based pedals, these are used to delay the original signal of the guitar [5], and include pedals such as;
· Delay – delay is used to cause a time-based delay in the signal, with the time being set by a potentiometer. Delay units include tape-based, analogue, digital and modelling units [14].
· Looping – the looping effect is typically seen on pedals and are used to record a section of played music and then play it back through the amp on repeat, most typically used by street performers to give the feeling of more than one musician playing, looping stations are an extremely useful effect pedal to implement when playing. In the case of this project, looping will not be required as it is not a method used.

Guitar effects pedals are a form of digital signal processing, from previous studies an understanding of digital signal processing has been achieved, and a further understanding will be required to complete this project to an acceptable standard. Analogue devices were an option, but massively limited the final outcome of the project. Unlike most pedals which are generally standalone units, the plan for this project is to produce a multi-effects rig, using an FV1 effects chip, this will involve circuit design and construction, testing procedures using signal monitoring equipment to prove the outcome, a small portion of coding to implement the selected chip. Throughout the project multiple DSP processes are going to take place, as well as implementing the main effects unit, the system will require a memory unit, a program selection interface, potentiometers and a power source, all of which may affect the operation of the system meaning fault finding and prototyping will also be required.
The overarching aims of the study are to;
· Design / develop a functional multi-effect guitar unit
· Include capabilities to change the effects 
· Include a basic drum machine capable of producing a steady beat with adjustable BPM 
This research section of the report is referenced to the Project proposal [18]

CHAPTER 3 - DEVELOPMENT METHODOLOGY
The development method I have chosen was to use the supplied software to which comes with the FV1 chip to implement the system on a breadboard, this was to involve writing the software then converting it to a suitable file type which I could then flash directly to the EEPROM.
The advantages of this method were that it gave the ability to keep changing the software if and when needed, it also gave the opportunity to become fully immersed in the software side of this project.
The main disadvantage of this method was that the development board which can be supplied directly with the chip was not used, this board is used to upload software and also debug the board, without this the uploading process was extremely difficult as there was no way to prove the chip was working, there was also no way to debug any issue which would have arisen during the software upload.
To complete the aims and objectives of this project there was a wide range of software & hardware acquired and learnt, some of which had previously been taught and provided by the university, others which were not initially intended to be used were then selected and integrated into the project to try and meet the aims. The different versions of software and hardware used are listed below;
The software used to develop this system was;
· Proteus;
· This was use for the wiring diagram.
· Spin ASM;
· This software was a specific program designed for producing the SPN effect files.
· Arduino IDE;
· Intended to be used for communicating with the EEPROM, but was unsuccessful. 
· PICKit development software;
· This software was used to communicate with the EEPROM through the specific PICKit hardware but was unsuccessful at all iterations, the failure will be later discussed alongside the hardware.
· Terra term;
· Free software intended for communicating with the EEPROM through Arduino link.
· MPLAB PicKit;
· This software was originally intended for data transfer but was unsuccessful.
· CH341A USB Programmer software
· Utilized as the final attempt for uploading data this was a third party EEPROM flashing system purchased online which allowed the successful transfer of data.
The particular hardware used was;
· PICKit 2, PICKit 3 & PICKit 4;
a. Initially the plan to communicate with the EEPROMs would have been done using a PICKit 3, research was done online and a method of removing the TR3 diode & a resistor, labelled R50 on the PICKit, this method did not work and made the PICKit lose all function. [14]
b. Due to the failure of this method the earlier version of the PICKit was tried, the PICKit 2 has an EEPROM flashing function built into the development software, but again this method failed due to being unable to open the software, the software functions on an older version of windows and the emulator installed to run it would not work on windows 10 & upwards.
c. Finally the PICKit 4 was used, this debugger had a purpose built section in the software for flashing EEPROMs, but again this method did not work, after multiple attempts on multiple machines and after replacing the EEPROM the PICKit would not discover the memory for to allow communications.
· Arduino Elego;
a. The original intended plan of the Arduino was to be used for communicating through terra-term to the EEPROM, this was the fourth attempt at communicating with the EEPROM and was also unsuccessful. 
b. The Arduino was then repurposed through the testing stage to act as a stable power source.
· CH341A USB Programmer
a. The CH341A USB Programmer is an off the shelf 24 & 25 series EEPROM programmer, specifically designed to complete flashing exercises and allow communications with EEPROMs, a downside of this system is the EEPROM needed to be removed from the system to allow flashing. This third party device was successful in transferring data to the EEPROM and then


Materials and Tools.
· SPIN FV1 chip
The Spin FV-1 chip is a pioneering piece of technology in the realm of digital signal processing (DSP) which is renowned for its versatility and compact footprint. At the heart of its operation lies a sophisticated architecture designed to facilitate real-time audio effects processing with exceptional efficiency and flexibility. 

The Spin FV-1 chip operates as a programmable DSP platform, capable of executing a wide range of audio effects protocols in real-time. Unlike traditional DSP chips, which often require complex programming environments and extensive resources and skills, the FV-1 chip simplifies the development process while delivering professional-grade audio processing capabilities. 

At its core, the chip features a floating-point DSP engine, enabling precise mathematical computations essential for implementing various audio effects algorithms. The FV1 chip operates at high clock speeds, ensuring real-time responsiveness and minimal latency, which is a key aspect for use in live performances and studio recordings.

Key to the chip's versatility is its programmability, allowing developers to create custom audio effects algorithms tailored to specific musical contexts and preferences. The FV-1 chip supports a wide range of effects, including reverbs, delays, choruses, flangers, and more, providing musicians and sound engineers with a comprehensive toolkit for sound manipulation. The programming interface for the FV-1 chip is intuitive and easily accessible for the end user as well as the developer due to the use of its simple assembly-like language known as SpinASM. 
This language removes the complexities of low-level DSP programming, making it accessible to developers with varying levels of experience, by writing code in SpinASM, developers can define the behaviour of the chip, specifying parameters such as delay times, feedback levels, modulation rates, and filter characteristics. The chip's memory architecture supports multiple programs, allowing users to switch between different effects seamlessly. This versatility is particularly valuable in live performances, where musicians may require quick access to a diverse range of effects. 
In terms of hardware integration, the FV-1 chip is designed to interface seamlessly with external components such as potentiometers, switches, and analogue-to-digital converters (ADCs). These peripherals enable real-time control over the parameters of the loaded effects algorithms, allowing musicians to adjust parameters on the fly. 
The audio processing capabilities of the FV-1 chip are further enhanced by its analogue input and output interfaces, which provide seamless integration with existing audio equipment. By connecting the chip to audio sources such as microphones, instruments, or mixing desks, users can apply effects to incoming audio signals in real-time, opening up endless possibilities.

· 24 series EEPROM for I2C communication protocol
This EEPROM was selected as it had the specific communication protocol required to communicate with the FV-1 chip. It also had the perfect amount of memory and operated at the right voltage of 3.3V.
· Potentiometer
These were simple to select as due to the nature of the build potentiometers are frequently used when building effects boards, due to this the selection criteria only involved mounting options as well as the operational voltage range. 
· 16 way selector
Again this was simple to select as there are not many on the market which have the full 16 way selection capabilities as well as breadboard mounting options.
· Audio jacks 
Originally planned to be ¼” audio jacks, these were later replaced with 3.5mm jacks due to mounting capabilities as well as end user capabilities.







CHAPTER 4 - DESIGN & IMPLEMENTATION
Project Design 
[bookmark: _GoBack]The first stage of the project is to create a block diagram, the main system block of the FV1 chip being planned to be used is available on the data sheet and can be seen in figure.1. as well as this, the incoming signals will need to be amplified at the output for use with a DJ mixer, this step will be achieved by a purchased re-amp as designing and building one which is stable and outputs the correct voltage levels would have taken too much time away from the main system design and development. The block diagram can be seen in appendices as figure.3.
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Figure.1


Data collection methods;
The main form of gathering data will be the internet, as most of the expertise in effects pedals is not in an academic nature, the main source of data collection will be done through forums, online articles and YouTube videos. As well as these methods, I am currently researching into any available courses and resources which are aimed at designing, developing and building effects rigs.
Due to the nature of the project, and the expertise possessed by the course lecturers, these will also be considered as a form of data collection as they possess a wealth of not just electronic expertise, but also a great understanding of guitars. I will also be using my friends and family as sources of data collection, as they all have experience in playing instruments and using effects.
Some of the specialist development methods and techniques considered are the use of electronic tools and apparatus, such as soldering irons, oscilloscopes and specialist programming software. After already obtaining some training and being confident in the use of these development methods and tools no issues should arise during this phase of the project.
The main risks of this project are faulty components, after some initial research it can be seen that the construction of the system will be generally simple, involving a chip and some easily obtained peripherals. The main concern with these is that a faulty component could be put into the system causing it not to work, this would then be time consuming to fault find and replace said component.  
As guitar effects pedals are a consumer available product, and are also available in kits the nature of this research will be generalised as something which anyone can do. The largest part of the research will be taken from people past experiences with constructing systems of this type, and from this any expected risks can then be identified. 
It is expected that for the most part the research undertook will be reliable as the effect’s rigs seem to have a good community behind it, with a vast wealth of learned knowledge from trial and error. This also means that most of the topics researched have also been validated by the community who have spent time and money trialling and testing these systems for their own use.
1. Power regulation;
The initial plan was to have a 3.3V voltage regulator at the beginning of the system, this would then provide a stable power supply for the board to function correctly. This part of the system was removed for the development stage and replaced with the 3.3V supply directly from the Arduino which was intended to be used for flashing the EEPROM. This can be seen in Figure.2
[image: ]

Figure.2

1. Clip indication
The clip indication light is the simplest part of the system with an LED and a 10K resistor connected to the chips designated clip pin. If the output signal reaches a maximum limit, this part of the system stops it from distorting at the output, the light is there to alert the user that levels are too high and at risk of damaging any output devices, i.e. a speaker system. This can be seen in Figure.3
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Figure.3



1. Parameter adjust
The parameter adjustments for the chip were done using three separate potentiometers each rated for 10KΩ pulled to ground. Adjusting these potentiometers allows for the a varying voltage output fed to the chip, this is then internally read as a varying signal and the chip will adjust the parameters of the effect accordingly, an example would be the timing on an echo, by increasing the voltage value the chip will see this as an increase in time delay between each echo. This can be seen in Figure.4
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Figure.4


1. Rotary switch 
The rotary switch was used to select the installed effect, this specific chip has the ability to house up to 16 different effects, due to this a 16 way rotary switch was selected, the switch uses a four pole configuration to cycle between different combinations of each pole, giving the 16 individual settings. The key specification of the switch was that it had to be able to be installed on a breadboard. This can be seen in Figure.5
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Figure.5




1. Audio in & out
The audio input and output sections of the system used 3.5mm audio jacks to interface between the input device and the output audio system. 3.5mm jacks were elected for this part of the system to make is more versatile and allow different type of connections, it is easier to size up audio inputs than it is to size down. The input jack was a five pole jack, this allowed for stable stereo output instead of flat mono sound. The incoming signal in figure.6. Shows how the incoming signal was filtered using simple high pass filters with a wide range to remove the extremely high frequencies from the signals allowing for a cleaner signal to travel through the system. The output audio jack worked almost identical to the input, except it used a different configuration of filter to ensure the output signal was clean and no distorted in anyway by interference with the system and can be seen in Figure.7.
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Figure.6
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Figure.7





1. Memory & Crystal 
One of the primary roles of the crystal within this circuit is to provide frequency control by vibrating at specific frequencies, crystals enable devices to maintain accurate timing, synchronize operations, and ensure the reliable functioning of various electronic systems. The selection of the crystal was done by following the data sheet, the selected crystal operates at 40 KHz which is a perfect range for this type of operation, and the FV1 chip had a specific pin for connecting the crystal. 
The memory chip selected was a 24LC32A EEPROM, this was selected from research, most projects completed with the FV1 chip used this EEPROM, this is due to its communication protocol being I2C, and it having the perfect amount of memory to store all the patches the FV1 is capable of operating. The connections for the EEPROM were done following the data sheet to ensure the I2C pins were connected correctly to the FV1 chip. The crystal and EEPROM can be seen in Figure.8.
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Figure.8


1. EEPROM writer
The EEPROM writer was designed to allow communication between the EEPROM and laptop using an Arduino as the linking device, sadly this was unsuccessful and did not provide the expected outcomes. This configuration allowed jumper cable to connect pins 5 & 6 of the EEPROM to the I2C pins on the Arduino, the Arduino used was an UNO ELEGO which is just a cheaper version of an Arduino. This process was also tried with an NXP MCXA153 provided by a family member with experience in software development but this did not work as intended either. The wiring for the Arduino EEPROM programmer can be seen in figure.9.
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Figure.9

CHAPTER 5 - IMPLEMENTATION
Once all the design work had been completed for the board it was then time to begin construction of the circuits. As previously stated in the report the first stage of implementation was to test that all components worked as expected according to their data sheets. This was done by following the test procedure which had been drafted during the planning stage. When all tests were done and all components were confirmed to work as intended it was time to follow the produced wiring diagrams to construct the board and EEPROM programmer. Whilst installing components on the board it was clear that a single breadboard would not be enough space for the system to be installed on and operate cleanly, as this system is using audio signals the least amount of interference is required, therefore a second board was ordered to allow for a cleaner more organised build. Due to this a slight change was done for the system the new breadboard came with a power supply pack purpose built for use on a breadboard, this supplied the required 3.3V as well as an option to step it up to 5V. Further down the testing stage this was then replaced for all functional tests by the supply from the Arduino as this was confirmed to be a stable power source. 

Programming
The first stage of the programming was to write the patches for the FV1 chip and then to convert them to a readable language for the EEPROM and chip. The patches act as flow diagrams controlling each individual component of the system, i.e. the potentiometers are mapped to control specific functions and parameters of the effect. Once the patch was made in the Spin ASM software, it was converted to a binary file, this binary file was then converted to a hex file as this is what the FV1 chip is able to read, this was done using the SREC window within the windows operating system, this allowed the code to be converted between the languages and give the required one for the board to read correctly. Once converted the code was visually analysed, small sections were selected and compared to the binary to ensure the conversion had happened correctly. Only small portions of the code were able to check due to the sheer size of it.

The first step in programming was ensuring the EEPROM was empty and did not contain any data as this would have affected the first address which the effects patches were uploaded to. The original plan was to use a Pickit 3 to access the EEPROMs files and manage them accordingly using this method, but during the testing stages this method did not work, this then meant a new process needed to be found to read, upload and remove any data stored on the EEPROM. The first idea was to use a newer version of the Pickit, the Pickit 4, but again this was unable to communicate to the EEPROM using the I2C communications. The last attempt to access the EEPROM was done by writing my own code to communicate to the EEPROM through teraterm, which is a free to use open-source, software implemented, and terminal emulator (communications) program. This allows devices to act as a bridge between a PC and a memory device, i.e. in this instance teraterm is being used to allow the Arduino to communicate with the EEPROM. Three separate types of code were needed to communicate;
1. Read code;
The read code was required to ensure that the EEPROM was blank before uploading any data. The read code can be seen in the appendices.


2. Clear code
The clear code was required to erase any code currently on the EEPROM, this code would also be used when updating any effect patches already on the chip, and each time the chip needed a new patch the EEPROM would be completely wiped back to 0x00, the read code would be ran after every use of the clear code to confirm it worked, from the testing process this is the only bit of code which 100% worked, every time this was ran the EEPROM reverted back to the empty state. This code can be seen in the appendices.
3. Write code
The write code was the most important bit of the code which I was unable to get working as intended. This code was meant to upload the Hex file patches directly to the EEPROM, the code had a separate function which would show what was written, to prove this a test was done with a 16bit file, the contents of the file was just 16 of the letter ‘a’, according to the parameters of the test this was successful figure.10, but when executing the read program it showed now data on the EEPROM, figure.11, this meant that one of the read or write programs was faulty, after multiple iterations and modifications the code still outputted the same results, when uploading the code showed successful upload in the teraterm window, then when reading there was 0 bytes on the chip. Two versions of this code can be seen in the appendices.
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Figure.10
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Figure.11


After unsuccessfully uploading the last resort effort to upload data to the EEPROM was done by undertaking extensive research online to find a new way to flash the memory device. From this research it was found that a purpose built EEPROM flashing USB device and software was available on the market in the form of the CH341A USB Programmer, this piece of equipment was readily available on amazon and took just over three weeks to arrive. Once here and the software was installed the EEPROM was instantly recognised by the programmer and software, the patches were then uploaded by copying the HEX code into the 0x00 address, the process was as simple as copying text onto the memory.  
Resource and Planning 
The main resources required for this project will be access to an electronics lab, to construct and test any system being designed, access to a suitable PC with the required software to programme and update the effects unit. Access to high quality electronics components will also be require. As well as the previously mentioned resources, outside input from experienced musicians and engineers will be required to ensure the system is operating to its best potential.
The project requirements were self-set as the outcome was clear from the beginning of the project and included; the outcome was to have a functioning effects board, so the project requirements were there to ensure achieving this goal. The specifications of the project were as follows;
· Types of effects the board will support is a main functional requirement
· The aim is to have changeable effects to include the most common as well as any the user may wish to have access to.
· Specify the parameters adjustable by the user 
· Gain
· Time
· Depth
· Tone
· Modulation/depth/width
· The system is required to process digital signals
Electrical Design Requirements:
· Determine the power supply requirements for the board and individual effects.
· The FV1 chip data sheet states the system operates best at 3.3V, so this is the power level which will be used.
· Define the input and output impedance specifications.
· Due to the signal being a digital signal, the impedance of the incoming and output signal circuits should be as close to zero as possible.
· Ensure compatibility with common audio signal levels and connections 
· The original plan was to use a ¼’’ audio jack, this was then swapped for a 3.5mm audio jack, this was due to compatibility options, it is easier to size up a connector than size down.
Component Selection:
· Choose high-quality components suitable for audio applications 
· All consumables were procured from the uni stores and expected to be of a high quality and suitable to use with audio components
· Verify component availability and cost-effectiveness for mass production.
PCB Design – the PCB design was replaced with a breadboard at the initial planning stage of the project, later on in the project this decision paid off as the system started to experience bugs and faults. What follows are the original specifications for the PCB design:
· Design a printed circuit board (PCB) layout that accommodates all components and connections.
· Optimize the layout for signal integrity, minimizing noise and interference.
· Ensure proper grounding and power distribution to reduce hum and noise.
· Include mounting holes and mechanical features for easy assembly.
Testing and Quality Assurance:
· Develop test procedures to verify the functionality and performance of each effect and the overall board.
System models for the effects board were modelled in proteus, this allowed me to check the functions of each individual part of the circuit, i.e. outputs of filters. Unfortunately the extent of the system models were limited as the specific FV1 chip was not available within the proteus library. The resultant wiring diagram was then useful when building and rebuilding the system. A complete wiring diagram is included in the appendices as figure.2.
Component selection was simple and the most successful task completed throughout the project, the data sheet for the FV1 chip outlines all required components and then their ideal values. The main parts selection revolved around finding robust parts which would be able to operate and had the ability to be installed on a breadboard, this applied to the Potentiometers as well as the 16 way rotary selector.  Another successful part of the project was writing the patches, 4 were written following the steps provided from the research undertaken, which was mainly YouTube videos to find out how the spin ASM software worked and how different parts of the internal program would work. The output of this exercise was four completed patches, which sadly were unable to be tested for operation due to the issues found with the board and uploading process. 
Like most projects this one encountered some issues, and unfortunately they were unpassable issues, due to the time constraints and when they were discovered which was at the later testing stages, due to being unable to upload software to the EEPROM this set the project back massively and also did not allow any testing of the full system to be done when first planned. This then caused the final iteration of the software uploading process which was highlighted earlier in the report regarding the CH341A programmer which allowed direct interface with the EEPROM and the supplied software.
The second major issue of the project was found once the EEPROM became accessible and the patches uploaded. When initially connected, the board provided a through signal as is the first setting on the chip, but seconds after function the output cut completely, this then forced a fault finding exercise on the board. A voltmeter was used on the board to first check voltage levels across the system to ensure the correct voltage was where it needed to be, this test proved that there was no voltage issues on the board. The next step done was to test the capacitors capacitance using the capacitance testing setting on an oscilloscope, all proved to work as expected. Next all component with metal surfaces such as the potentiometers were checked for ground shorts, which there were none. Finally the chip carrier intended to make a surface mount chip mountable on a breadboard was tested, each pin buzzed through as intended. After completing these tests the fault within the system was still there, so the board was rebuilt and then tested again. Unfortunately the board would not start and the decision was made to leave it at this stage and complete the rest of the deliverables due to time constraints.
Testing
Before undergoing any operational tests the whole system underwent individual component tests had highlighted in the next part of the report, but firstly each peripheral had to be defined and understood for use with the ASM software.
Potentiometers – each of the three potentiometers were tested for function using a mutlimeter and a 5v supply. Each potentiometer was connected to a 5V supply and a 10K pull down resistor connected to ground and the test procedure is as follows;
a. Visual Inspection:
· Check for physical damage, such as bent shafts or broken terminals. Ensure the wiper is intact and moves smoothly along the resistor track.
b. Resistance Measurement:
· Set a multimeter to measure resistance (ohms). Connect the multimeter probes to the outer two terminals of the potentiometer.
· Gradually rotate the potentiometer knob through its entire range and observe the resistance reading.
· The resistance should smoothly vary from one extreme to the other without any sudden jumps or dead spots.
c. Functionality Test:
· Connect the potentiometer to a test circuit.
· Verify that adjusting the potentiometer knob changes the circuit parameters as expected (e.g., volume control in an audio amplifier).
 
16 way selector – this component was tested to find out which position was considered position one, this was then marked with a white mark. The position was tested by flashing 5V through the common terminal and rotating the switch between each position until the signal was shown indicating that this is position one. The next stage of tests are as follows;
a. Visual Inspection:
· Inspect for physical damage, such as bent or broken terminals.
· Ensure the contacts inside the switch are clean and free from corrosion.
b. Continuity Test:
· Set a multimeter to measure continuity (ohms).
· Connect one probe to a fixed terminal and the other probe to each of the switch positions.
· Rotate the switch through its positions and verify continuity between the fixed terminal and each switch position.
c. Functionality Test:
· Connect the rotary switch to a test circuit.
· Verify that each switch position connects the desired terminals or components in the circuit.
The audio jacks were one of the more difficult components to test as the output requires a quality test as well as specific functionality tests so the following tests were completed;
a. Visual Inspection:
· Check for physical damage, such as bent or broken connectors.
· Ensure the internal contacts are clean and properly aligned.
b. Continuity Test:
· Set a multimeter to measure continuity (ohms).
· Connect one probe to the sleeve (ground) and the other probe to each of the tip and ring terminals.
· Verify continuity between the sleeve and each terminal when a plug is inserted.
c. Functionality Test:
· Connected the two jacks to each other as a through line on the breadboard, then connected a phone at one end outputting audio and a speaker at the other, the output signal was clear and matched the input.
Finally tests were done on all the consumable components, this was a sanitary check to ensure all components work as intended, as even though they were directly from the box as new components, they could still have internal issues;
a. Visual Inspection:
· Inspect for physical damage, such as cracks or discoloration.
· Ensure the component values and ratings match the specifications.
b.1. Resistance Measurement:
· Set a multimeter to measure resistance (ohms).
· Connect the multimeter probes to each end of the resistor.
· Verify the resistance value matches the labelled value within tolerance.
b.2. Capacitance Measurement:
· Set a multimeter to measure capacitance (farads).
· Connect the multimeter probes to each terminal of the capacitor.
· Verify the capacitance value matches the labelled value within tolerance.

The code was produced in the Spin ASM software, within this software each peripheral is linked to a master effect, internally within the software it is decided how this specific peripheral will, control that aspect, i.e. the software designed for this system was so each effect had three factors of control, volume being the main for each, then the level of that effect was selected for the second, each effect then and its own third parameter, gain was used for this. Each individual component of the effect patch can be seen as operatable using the SPIN FV1 development board, but due to this not being used for this project it was difficult to test the function of each so this test was not done, instead the functional tests of each component was undertaken as previously discussed in this section. 

System testing
The system worked for a split second where signal travelled through the input jack, through the system and out the output jack, the through option was selected using the rotary switch. At this stage the system was thought to be working until suddenly the output cut and the system stopped working.
Due to the issues with the board, the decision was made to do a full rebuild after first installation as power was not travelling through at a stable 3.3V, multi-meter was used to check voltage levels for each rail on the bread board, then for each component the voltage level was checked, the issue with the system was not found as all seemed to be operating as intended and all power paths seemed to operate as expected, due to this and the deadline fast approaching the decision was made to submit as is with the fault unfound.
Acceptance testing 
The acceptance testing of the system was planned on being a functional test, testing each patch uploaded to the EEPROM as well as testing each peripheral component to ensure that the board operated as intended. The first test was to power the board, a visual indication of function with LED lights was seen and proved the board had power, then once a signal went into the system the board bugged out, this then forced the rebuild which caused more issues. With initial function the thought was that the system was working and functioned correctly, but once trying one of the peripherals the system shut down, this shut down indicated there was a fault somewhere either with the components or software. Due to this the system did not pass the acceptance test and was unable to be repaired and have the faults found by the deadline.
Gantt
When constructing the Gantt chart, it was difficult to populate the individual tasks as the planned start date for the project is the 1st of August due to another project commitment. As can be seen from figure.2 the Gantt chart is at a basic stage outlining the main tasks, each will eventually have sub-tasks underneath which will be populated and tracked once the project is underway. The Gantt has been populated for the 5 main stages of the beginning of the project, higher level design, lower level design, component research and component selection/purchase, each section will eventually have sub-tasks added. Until the start date of 1st of August the plan is to undertake research into the general area and increase my general understanding of the field of effects units, and also increase my skill and understanding in DSP. A snip of the targets and goals of the Gantt cane be seen in figure.12. A completed view of the Gantt chart can be seen in appendices figure.2.
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Figure.12


CHAPTER 6 – EVALUATION
From this project there are multiple different conclusions which can be drawn;
· Purpose built processing chips, such as the Spin FV1 used in this project, are difficult to utilize to their maximum potential when not in use with the specifically built development board.
· Communicating with EEPROMs is done most effectively by utilizing purpose built software and hardware to achieve communication links, by creating a system and writing code there is no way to prove any step other than proof of outcome, as discussed in this report, the code thought it was a success and stated so, then when testing other processes, they disproved the success of the previous code, there was no real way to tell which process was working and which was not as they relied on each other for proof of function.
· The design and testing of electronic circuits can be simple, but the main processing of the internal operations of electronic chips/processors is what makes them work and also difficult to create if not using the correct tools and software, i.e. with this project the Spin FV1 development board would have made it a much more successful project, allowing me to communicate with the chip and memory device much more effectively and efficiently. 
Sadly by the end of the time frame set for this project it was not possible to get the board working as intended and set out in the outcomes of this project. The main reasons for this were;
· Time – time limits played a massive part in not being able to get the board to properly function. Each hurdle was eventually surpassed until the final one of testing operation of the board, the time constraints of researching into new methods of communicating with the EEPROM as well as delivery times on new pieces of hardware to try and test and develop the uploading process eventually caught up to the deadline and stopped the completion of the final stages of the system.
· Lack of software development knowledge – being a beginner software developer made this type of project extremely difficult as each issue was met with research into why and how it had happened, where an experienced developer would have a better understanding of this type of project, it was all new knowledge and understanding which was being learnt alongside the design and implementation stages.
Even without the final outcome system not working I would still consider the aims of this project to be met and it to be somewhat of a success when considering it against the initial aims set out;
1. Design and produce a working effects board – the final outcome was a designed effects board which passed most of the acceptance tests, just not functional tests.
2. Have a suitable system which has the ability to work with varying input devices – the varying input devices underwent selection and testing to prove operation, this is close enough to the aim for me to consider it as partly successful.
3. Develop a wider understanding of what effects are, and how they work – this was done throughout the process of research as well as developing the spin patches.
4. Further my knowledge and understanding of communication protocols, such as I2C – this project allowed that as well as allowed me to gain a wider understanding of programming languages and conversions.
In summary the final outcome of the project did not fully meet the outlines aims but it did allow all aspects of those aims to be met in some way, or at least worked on to develop knowledge and understanding, due to this I would say the project successfully met the aims to a standard of roughly 90%, meaning although it didn’t produce a working system, it met the other aims and, with more time, it is believed the system would work as intended.
If I was to undertake the project again there are multiple things I would do differently, firstly the project focused on system design and implementation, when in hindsight the project became more about the transfer of data and communicating with the memory device, so due to this if done again the project aims would change to focus on researching and finding a solutions to communicating with the EEPROM via an Arduino circuit. Secondly if done again I would use the development board which spin supply for use with the FV-1 chip, this would allow for better usability as well as more tests to be done on the system functions without the software enabled as the development board can communicate with the FV-1 chip to read the inputted signals and their strengths. The final thing I would do differently if undertaking this project again would be to produce multiple prototypes using PCB boards, this would have allowed for easier fault finding and also given backups in case of faulty components, this over site and the decision to construct the circuit on a breadboard meant there was only the one physical mock-up of the system so as found in this project if there was a fault difficult to find restarting the build would not be the best solution to finding it.


















CHAPTER 7 – CONCLUSIONS & REFLECTION
This project allowed a range of different tasks to be done to achieve the aims outlines at the beginning. Firstly much research was done online to find out about the different types of effects and how they manipulate sound, and how the end user manipulates the parameters to reach the end goal, then more was done to find different ways of approaching the problems faced throughout the project, as well as different possible solutions and other alternative routes which could have been taken. Secondly the project involved system design, management and implementation, this meant that tasks such as part selection were undertaken, as well as the process of testing the selected parts. Finally a large part of the project ended up being based on coding, this was due to the nature of the selected processing chip and the requirements for it to operate. On completion of this project it is strongly believed that much more work and time would be required for the end aims to be fully met and for the project to produce a functioning effects board as the final outcome.
In conclusion it is believed that the project chosen is of a good enough level of electronics to showcase the skills and knowledge learned whilst completing this course. The already obtained knowledge in effects and signal manipulation will be put to the test and developed even further than previously done, and the final product will be used on a daily basis when completed.
During this project there were many things learnt, firstly much was learnt about the design and development of digital signal processing signals, from how individual effects worked and manipulated audio, to how different electronic components can be used in line with purpose built processing chips to manipulate and alter incoming and outgoing signals. Secondly much was learnt during this project in regards to coding, the original idea for the project was to produce a system which allowed for EEPROM programming, specifically read, write & clear functions, to do this research was undertaken into communication protocols, different available software’s, and different hardware options, so doing this allowed me to further my knowledge and understanding of the requirements to communicate with different electronic components, much was also learnt about project management and time constraints, this project allowed me to re-evaluate the whole process and aims at the end, which showed that the original aims and focus of the project was directed at the wrong area, in hindsight I would say I have learnt that spending more time on conception and outlining the aims/objectives will allow for better progression through each stage of design and development. 
This project pushed me to my limit when considering time spent and skills which were learnt and acquired on the way, it allowed for my confidence to grow in regards to working with code and electronic circuits, as well as tested and taught me patience with faulty hardware, software limitations, and just not being able to complete tasks which were set out by myself.
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APPENDICIES
· The following code was used to clear the data on an EEPROM using TeraTerm;
//CLEAR EEPROM CODE USING TERATERM

#include <Wire.h>
#include <SD.h>

#define EEPROM_ADDRESS 0x54  // I2C address of the EEPROM
#define EEPROM_SIZE 4096     // EEPROM size in bytes (32 kilobits for 24LC32A)
#define FILE_NAME "log.txt"  // Name of the log file

void setup() {
  Wire.begin();
  Serial.begin(19200);
}

void loop() {
  // Clear the EEPROM
  clearEEPROM();
  Serial.println("EEPROM data cleared!");

  // Send data from USB file to the EEPROM
  sendFileToEEPROM("D:\aaa.txt");
  Serial.println("File sent to the EEPROM!");

  // Read the data from the EEPROM and transfer to a log file
  readFileFromEEPROM();
  Serial.println("Data transferred to the log file!");

  delay(5000);  // Delay between repetitions
}

void clearEEPROM() {
  for (int address = 0; address < EEPROM_SIZE; address++) {
    writeByteToEEPROM(address, 0x00);  // Write 0x00 to each EEPROM address
    delay(5);  // Delay between writes to allow the EEPROM to process the data
  }
}

void sendFileToEEPROM(const char* filePath) {
  File dataFile = SD.open(filePath);

  if (dataFile) {
    int address = 0;
    while (dataFile.available()) {
      byte data = dataFile.read();
      writeByteToEEPROM(address++, data);
      delay(5);
    }
    dataFile.close();
  } else {
    Serial.println("Error opening file");
  }
}

void readFileFromEEPROM() {
  File logFile = SD.open(FILE_NAME, FILE_WRITE);
  
  if (logFile) {
    for (int address = 0; address < EEPROM_SIZE; address++) {
      byte data = readByteFromEEPROM(address);
      logFile.write(data);
    }
    logFile.close();
  } else {
    Serial.println("Error opening log file");
  }
}
void writeByteToEEPROM(int address, byte data) {
  Wire.beginTransmission(EEPROM_ADDRESS);
  Wire.write((int)(address >> 8));   // MSB of address
  Wire.write((int)(address & 0xFF)); // LSB of address
  Wire.write(data);
  Wire.endTransmission();
}
byte readByteFromEEPROM(int address) {
  byte data = 0;
  Wire.beginTransmission(EEPROM_ADDRESS);
  Wire.write((int)(address >> 8));   // MSB of address
  Wire.write((int)(address & 0xFF)); // LSB of address
  Wire.endTransmission();
  Wire.requestFrom(EEPROM_ADDRESS, 1);
  
  if (Wire.available()) {
    data = Wire.read();
  }

  return data;
}

· The following code was used to write data to an EEPROM using TeraTerm;

//WRITE CODE

#include <Wire.h>

#define EEPROM_ADDRESS 0x50 // I2C address of the EEPROM

void setup() {
  Wire.begin();
  Serial.begin(115200);
  while (!Serial) {
    ; // Wait for serial port to connect
  }
}

void loop() {
  if (Serial.available()) {
    int numBytes = Serial.parseInt(); // Read the number of bytes to read from serial monitor
    Serial.println("Reading " + String(numBytes) + " bytes from EEPROM");
    
    Wire.beginTransmission(EEPROM_ADDRESS);
    Wire.write(0); // Start reading from address 0
    Wire.endTransmission();
    
    Wire.requestFrom(EEPROM_ADDRESS, numBytes);
    
    // Read the data from the EEPROM
    while (Wire.available()) {
      char data = Wire.read();
      Serial.print(data);
    }
    
    Serial.println("\nData read successfully!");
  }
}


· The following code was the second attempted code at writing data to an EEPROM.

// WRITE 2

#include <Wire.h>

#define EEPROM_ADDRESS 0x50 // I2C address of the EEPROM

void setup() {
  Wire.begin();
  Serial.begin(19200);
  while (!Serial) {
    ; // Wait for serial port to connect
  }
}

void loop() {
  if (Serial.available()) {
    String data = Serial.readStringUntil('\n'); // Read the data from serial monitor
    Serial.println("Transferring data: " + data);
    
    Wire.beginTransmission(EEPROM_ADDRESS);
    Wire.write(0); // Start writing from address 0
    
    // Write the data to the EEPROM
    for (int i = 0; i < data.length(); i++) {
      Wire.write(data[i]);
    }
    
    Wire.endTransmission();
    Serial.println("Data transferred successfully!");
  }
}

void doThisOnce()

{

}

























· The following code was used to read data from an EEPROM using TeraTerm;

//read

#include <Wire.h>

#define EEPROM_ADDRESS 0x54 // I2C address of the EEPROM

void setup() {
  Wire.begin();
  Serial.begin(115200);
  while (!Serial) {
    ; // Wait for serial port to connect
    
  }
}

void loop() {
  if (Serial.available()) {
    int numBytes = Serial.parseInt(); // Read the number of bytes to read from serial monitor
    Serial.println("Reading " + String(numBytes) + " bytes from EEPROM");
    
    delay(1000);

    Wire.beginTransmission(EEPROM_ADDRESS);
    Wire.write(0); // Start reading from address 0
    for (long x = 0 ; x < 0x7D00 ; x++)
    Wire.endTransmission();
    
    Wire.requestFrom(EEPROM_ADDRESS, numBytes);
    
    delay(1000);

    // Read the data from the EEPROM
    while (Wire.available()) {
      char data = Wire.read();
      Serial.print(data);
    }
    
    Serial.println("\nData read successfully!");
  }
}
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