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Introduction 

This essay discusses the methods and techniques used in the creation of my original creative music technology instrument which I produced in the Spring of 2019.

For the project covered in this document I tapped into my passion for music, art and technology to create a hybrid between a touch triggered synthesizer and art canvas. 

The art of electronic music and technology has a rich history and many musicians, designers, producers, sound engineers and artists through the application of new technology and forward thinking have helped to evolve electronic music and creative music technology to what it is today.

I have included a brief history of electronic music and audio technology along with their evolution and use throughout the past hundred years, touching on interesting points and pioneers from the 1920’s to the present. 

I also discuss music hacking culture, circuit bending and modern exponents of these creative pursuits.

I explain the concept and design of my original creative music technology instrument along with alternative designs that I considered before I moved forward with my chosen project.

Included in this essay are elements of the research and planning stages of my creation
along with the production, testing and possible ways to improve upon my prototype original electronic instrument and how it could be used and monetized. 



















Brief history of music technology and hacking

The art and practice of creating original musical instruments combined with the hacking of electronic technology has been around for many decades and has been used by countless famous and independent artists, musicians, producers and bands to create exciting and experimental sounds and musical works.
 
Tape recorder technology which was created in the 1920’s led to the creation of
‘Musique concrète’ and proto-sampling in the 1950’s credited to ‘Pierre Schaeffer’ in Paris, Schaeffer and Stockhausen developed this technique and later the use of concrete sounds recorded to tape including the sounds of the city, modes of transport and the human voice led to experimentation with the medium including the cutting of tape, pitch changes and reversal of audio. These techniques were later used by the likes of rock legends ‘The Beatles’ and ‘Pink Floyd’ amongst many others.

The composer ‘John Cage’ is lauded by critics as an outstanding pioneer in the field of experimental music.

‘Daphne Orram’ was a respected key member of the ‘BBC radiophonic workshop’ in the 1950’s which created Foley for films and television in the 1950’s and 1960’s and she was influential in the advancement of electronic music.

‘Delia Derbyshire’ who created the original theme music for the hit ‘BBC’ science fiction television show “Dr Who” played a key role in the popularisation of electronic music within mainstream culture.

Music producers, musicians and sound engineers have long been designing and producing unique sounds using electronic technology with world renown electronic and popular music acts throughout the years such as ‘Kraftwerk’, ‘The Human League’, ‘Heaven 17’, ‘The Orb’ and ‘Orbital’ pushing the boundaries of what could be achieved through the recording and performance of electronic music.

An extremely experimental approach to creating electronic music is the emergence of the art of circuit bending in 1966 and 1967 which is credited to one ‘Reed Ghazala’, who created circuit bending by altering the circuits of electronic devices to use in compositions and live performances.
 
By adding and replacing resistors, capacitors, audio out jacks, potentiometers and other electronic parts to change and effect the sounds emitted by electronic devices that have audio output capabilities, circuit bending enables artists, musicians and producers to change the pitch, distort and effect sound in strange, unexpected ways.

The devices used in circuit bending are often low priced old children’s toys and keyboards which are battery powered not mains powered to avoid any danger of electrocution when tampering with the internal circuitry.

The use of circuit bent instruments was incorporated in the music of artists and acts such as ‘Beck’, ‘Nine inch nails’, ‘Sonic youth’, ‘Blur’, ‘Tom Waits’ and ‘Bjork’ with circuit bending pioneer ‘Peter Edwards’ of ‘Caspar electronics’ creating original creative music technology instruments for many of these musicians and acts. 

The use of these alternative ‘hacked’ instruments is considered ‘Avant-Garde’ or ‘Advanced guard’ and ahead of its time. 

Though still popular, creators in recent years have turned to digital means to create odd, original and experimental sounds using software re-creations of analogue equipment along with modular synthesis equipment which is now more easily affordable than it was in the past.

The changes in modern technology has made circuit bending less possible to achieve than it was when using devices created in the 1970’s, 1980’s and 1990’s, this has also contributed to the art form of circuit bending being less widely practiced.

The use of circuit bending and creative music technology to record and perform experimental musical works lives on through artists and performers such as the turntablist, producer and musician from Los Angeles, USA, ‘MR DIBBS’, who creates exciting alternative electronic and hip hop sets using circuit bent instruments, radios and turntables, his sets are recorded to video and uploaded to his You tube channel.

Another modern pioneer of the highly experimental art form of circuit bending is the artist ‘Look mum no computer’ from the United Kingdom who creates ‘Furby’ organs, flame throwing synthesizers and performs shows at live music events, he has pushed the practice to its outer limits.

The pursuit of creating original musical instruments using electronics, software, hacking various items and employing microcomputers and microcontrollers such as the ‘Raspberry Pi’ and ‘Arduino’ boards has become popular in recent years. 

These pieces of technology can be used alongside various electronic components, software such as ‘Sonic Pi’ and other user generated software which use the inputting of code to design exciting new ways to control and produce sounds and creative music technology instruments. 

There are many creative hacking events in cities around the world including London where creators, musicians and hackers meet up to share their creations and perform impromptu shows using their original music technology driven instruments and even perform live sets by entering code into software on computers to play a live music set much like a DJ would.

The great advances in coding, hacking and creative music technology which have been enabled by high powered, low cost electronics are inspiring and exciting for
any musician and producer who has a passion for alternative, electronic music and these art forms look set to continue to evolve bringing pleasure to the users and listeners around the world for years to come.   

Concept / approach

When designing this prototype piece of creative music technology, I aimed to make something that was challenging yet achievable in the allotted time frame for the project. 

Some other design ideas I considered and rejected include - 

· Polyphonic synthesizer created using ‘Sonic Pi’
· Turntable mounted motion / light sensor triggered sampler
· Circuit bent vintage toy
· Hand gesture triggered polyphonic synthesizer using an ‘Arduino’ board
· Synthesizer using a deconstructed MIDI keyboard / ‘Raspberry Pi’ / ‘Sonic Pi’ 

After writing these thoughts down I finally had the idea for my ‘Canvasynth’ and felt instantly that this was the project I wanted to proceed with.

Although I liked my previous ideas, and for the week leading up to the day I put my plans forward had researched some of the hardware, software and parts needed along with studying the history of circuit bending, I much preferred the ‘Canvasynth’ idea. 

I have aimed to combine the creative pursuits of music and art for many years and I felt the challenge and mixture of art forms within a practical / hardware based prototype would be a great path for me. 

When I was 17 years old I gained an NVQ level 2 in Electronics and later worked at electronics companies testing electronic equipment. I have over a decade experience using HTML and PHP code and created a software sampler using ‘Cycling 74’s Max MSP’ software as part of my music production and sound recording BA degree which I completed in June 2018. I used my previous experience in electronics and coding mentioned above to design and produce my finished creative music technology prototype project.

Technology / Equipment used

For the construction of my ‘Canvasynth’ prototype I used the following items - 

· A5 art canvas
· Paint brush
· ‘Bare conductive’ touch board and micro SD card
· Copper tape and scissors
· 21” ‘Apple iMac’, micro USB cable, original synthesizer audio .MP3 files and a mini jack to RCA cable
Instrument overview 

The ‘Canvasynth’ is a multisensory creative instrument combining digital audio playback and a piece of traditional painted artwork. The ‘Canvasynth’ effects the human senses of hearing, sight, touch and to a lesser extent, smell. 

A plan for this creative music technology hardware is that the sounds generated during the creation of a painting, will be recorded and played back alongside the finished artwork to be enjoyed as an audio / visual installation. 

The ‘Canvasynth’ can also be enjoyed through a live performance / demonstration.

The instrument had the working title ‘Synthvas’ but after discussing the project with my mother ‘Kathryn Taylor’, she came up with the name ‘Canvasynth’ which I liked and chose to use that name instead.

The prototype creative musical instrument allows the user to trigger original synthesizer sounds when applying paint onto a canvas, the sounds are loaded onto a micro SD card which has an MP3 player installed on it.

The triggering of the original synthesizer sounds, which I created in 2018 in the final year of my music production and sound recording BA, is made possible by using a ‘Bare Conductive’ touch board which I purchased for £60 from the ‘Bare Conductive’ company official website. 

The ‘Bare Conductive’ touch board has twelve contact points which when touched by a user plays a .MP3 file sound stored on the on board 128MB micro SD card using a software MP3 player also stored on the micro SD card. 

[image: Canvasynth%20images/Canvasynth%204.jpg]

The ‘Bare Conductive’ touch board is powered by a micro USB cable plugged into a 21” ‘Apple iMac’ and the sounds are transmitted through a mini jack to RCA audio cable into an audio input and speaker.

Instrument creation

I drew a schematic of how I wanted the twelve separate copper tape channels to be spread out on the rear of the canvas. I made sure to have each piece of tape cover a wide range of surface area so that the sounds triggered would vary with each brush stroke.

[image: Canvasynth%20images/Canvasynth%2014.jpg]

To trigger a sound when paint is applied I used copper tape which I cut to the required length and applied to the rear of the A5 canvas. This was an intricate process which I completed four channels at a time on three separate occasions.

[image: Canvasynth%20images/Canvasynth%206.jpg]
I was cautious when drawing my plan and applying the copper tape to leave a minimum of two millimetres of space between any line of copper tape to avoid any short circuits occurring.

I held the ‘Bare Conductive’ touch board against the top rear of the canvas frame and drew around it with a view to using a slim block of polystyrene to aid in fixing the board to the canvas. 

Using this design the ‘Canvasynth’ can be placed on an artist easel or on a wall using long screws or fixings. By drawing around the board and marking where the twelve contact points would be I made the placement of copper tape much easier.

[image: Canvasynth%20images/Canvasynth%2018.jpg]

I drew three lines along the left edge of the frame to correspond with the top, middle and bottom of where I had drawn my schematic. To make the construction easier I chose to leave the application of the twelve sections that connect to the touch board until the rest of the copper tape was applied.

[image: Canvasynth%20images/Canvasynth%2019.jpg]
Over the course of a few days I spent around thirty minutes each day applying the copper tape circuits to match my schematic design and I believe the completed circuit closely resembles my pencil drawing.
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I connected the micro SD card to my ‘Apple iMac’ using a micro SD card adaptor and after reading the instructions that are included as a .txt file on the SD card I copied the .MP3 files which I had renamed as per the instructions onto the micro SD card. 

I then placed the micro SD card into the card slot on the ‘Bare conductive’ touch board ready to test that the sounds played back using the MP3 player software on the card when a contact point was touched. 

The maximum number of sounds that can be used with the installed MP3 player on the ‘Bare conductive” touch board is twelve and the file format used must be strictly .MP3.

As the synthesizer sounds I created were in 24 bit / 48 kHz .wav format I used ‘Apple 
iTunes’ to convert the sounds into 16 bit .MP3 files for use with the ‘Canvasynth’.

The average size of the twelve .MP3 sounds I used was 150 KB which easily fitted on the 128 MB micro SD card that was included with the ‘Bare conductive’ touch board.
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The original synthesizer sounds I used for the ‘Canvasynth’ were created by myself using the ‘XFer records Serum’ wavetable synthesizer plug-in within ‘AVID Pro Tools 12’ during the final year of my music production and sound recording degree in 2018.

These sounds were short three to ten second synthesizer pads which I originally used in film trailer score pieces of music and as sound packs, I felt they would be a good style and length to use as the sounds for my ‘Canvasynth’ prototype. 




To create contact with the copper tape circuit on the rear of the canvas which then trigger the sounds, I chose to use a large paintbrush which belonged to my grandfather.
 
I wrapped copper tape around some of the bristles in the centre of the brushes bristles so when paint is applied the copper tape creates a contact with the copper tape circuit.

I attached copper tape to the bottom of the tape wrapped around the centre of the bristles down the brush handle so the users touch completes the circuit.
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When fixing the ‘Bare conductive’ touch board to the canvas I used a piece of a polystyrene block used for packing, I held the touch board against the block and drew around the touch board using a pen, I then cut the block to the size required using a knife.

After shaping the polystyrene block so that it sat flush with the edge of the canvas frame I used a super strength adhesive called ‘Hard as nails’ to affix the block to the rear of the canvas and the canvas frame.

Without the touch board in place, I hammered a nail into the canvas frame where the corner of the board which has the ground contact hole was situated, I then removed the nail and replaced the nail through the ground contact hole in the touch board into the hole I had just created in the frame.

I then pushed a nail at an angle through each of the two holes in the corners of the ‘Bare conductive’ touch board into the polystyrene block to hold the touch board in place.
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The final step of the production stage was cutting pieces of copper tape to the correct length and width and then placing them on the “Canvasynth’ to connect the “Bare conductive” touch board to the copper tape circuit.
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Issues / solutions

There were very few issues that I encountered whilst creating my prototype creative technology instrument. Any problems that did occur were dealt with swiftly and with little stress.

I already had the artist canvas and brush. I didn’t have the specialist equipment of the ‘Bare conductive’ touch board and had to purchase this online through the manufacturers website to assure high quality components for my prototype. 
The touch board was delivered in 3 days. 

I didn’t have a suitable micro USB cable to power the board via my ‘Apple iMac’ or a mini jack to RCA cable to allow audio playback so I bought these from a local hardware shop.

A micro SD adaptor wasn’t included with the ‘Bare conductive’ kit, though I had one on hand to enable the loading of .MP3 file sounds to the micro SD card.

Fixing the ‘Bare conductive’ touch board to the canvas to lessen the chance of damage to the touch board and improve the aesthetic look of the ‘Canvasynth’ was a minor issue to deal with and I solved this using the technique mentioned earlier in this essay.

The biggest issue was the lack of connection from the brush through the canvas to the copper tape circuitry which was disappointing but led to a great idea to remedy this problem when creating the next version. I discuss this in more detail later in my essay.

Testing and feedback

I spent ten minutes testing my ‘Canvasynth’ to check that the brush would create contact with the copper tape circuit through the canvas, that all the sounds worked and that there were no short circuits. 

I should have tested that the connection worked through the canvas with the first copper tape circuit I placed but didn’t do this until all the circuits were in place which was an oversight on my part.

To receive feedback on my creative music technology prototype I asked my mother who has long standing skills in art and an interest in technology. 

When collecting feedback and beta testing the “Canvasynth” with my mother, who I had discussed the project with from its inception, she was very positive about it and after explaining the issue with the circuit on the rear not being triggered through the canvas, she came up with the idea of applying a design or image to the front using copper tape that the user could then paint over and trigger original sounds that match the image being painted, as discussed earlier in this essay. 

I said I liked this idea and mentioned that ‘Bare conductive’ paint would also be a good option and we discussed some of the possible therapeutic uses for the ‘Canvasynth’ that I cover later in this essay. 

I had arranged to beta test my ‘Canvasynth’ alongside my teacher and mentor during my master’s degree, ‘Tileyard education’ principal, ‘Martyn Ware’, an electronic music pioneer who shares my passion for music, art and technology. 

Unfortunately, due to time constraints and illness I was unable to conduct this test 
though I aim to demonstrate the ‘Canvasynth’ to Martyn and get feedback from him soon. 

I am keen to get feedback from other people to avoid any bias, get a wider range of feedback and possibly get assistance in taking the concept further.

Reflection on results

I am very pleased with the concept and results of my creative music technology project and I feel that I have learned a lot about the history of musical instruments and the creative pursuits of electronic music creation, music hacking and circuit bending. 

The practical / creative process and application of the knowledge I have gained has given me a new level of understanding and passion for the design and creation of original electronic instruments and I plan to use this experience in my music production and creative endeavours in the future.

I have wanted to try using a ‘Raspberry Pi’ and experiment with circuit bending along with coding / hacking and creating instruments for many years now through my passion for the art of Turntablism, Hip-hop and electronic music production which I have been practicing for over 20 years and this creative project has been a satisfying experiment examining what is possible when combining music, art and creative technology.

Possible improvements

The next model could have a larger A3 or A2 canvas and feature two ‘Bare conductive’ touch boards to use 24 sounds. 

Including the use of a ‘Drawdio’ pencil which emits sounds when a user creates marks on the surface could also be an interesting addition for future designs of the ‘Canvasynth’.

The use of a ‘Raspberry Pi’ microcomputer and ‘Sonic Pi’ software which uses code to create experimental sounds and effects could be an interesting inclusion that I would enjoy researching and using to add original audio to a future ‘Canvasynth’ design. 

While creating my ‘Canvasynth’ prototype I read on the ‘Bare conductive” ‘Twitter’ feed that it is now possible to use a USB connected power bank portable charger to power a ‘Bare conductive’ touch board without the need to plug in to an ‘Apple iMac’ or computer.

I believe the addition of a USB power bank would make the unit more portable and tidy up the aesthetic look of the design, this would make the ‘Canvasynth’ look better in an art gallery, museum or when used in a public space or setting.

An inbuilt slim speaker could be added to the frame of the ‘Canvasynth” and could be powered using the USB power bank mentioned above. 

The use of 3D immersive sound with multiple speakers and sounds, which surrounds the viewer / listener to create an experience where the user feels that they are almost in the painting could be an exciting inclusion on future ‘Canvasynth’ designs.

Comparison with current instruments

Through my research for this project I have noted various creative music instruments which use similar actions and equipment to trigger music whilst creating art such as - 

· Electronic ink painting
· Electronics to trigger sounds through touching plants
· Infrared spray can and projector

Using copper tape and electronics attached to a plant which triggers sound when the leaves are touched is a design I have seen which has comparable features to the ‘Canvasynth’.

Over 10 years ago I had an idea for a spray can which instead of paint being dispensed when the cap was pressed an infrared beam was emitted that interacted with a specially designed monitor screen and software to allow artists to create digital graffiti with a realistic feel when using the device.

Shortly after I drew a basic concept for this design, a company in Vancouver, Canada named ‘Tangible interactions’ created a similar device using a wall projection setup. 

The use of sound was not included as with the ‘Canvasynth’ though art and electronics are combined in the design. 

Using wall projection and painting combined with sound creation could be a possibility for future ‘Canvasynth’ designs.




Uses and monetisation

I believe the concept and finished prototype for my creative musical instrument is strong, can be improved upon and have multiple creative and health benefit related applications.

I believe there are many possible uses for the ‘Canvasynth’ including - 

· Installation / interactive exhibit in galleries and museums (art, music, science)
· Use for educational purposes in schools, colleges and universities
· Therapeutic use for elderly people in care homes
· Therapeutic use for people with autism and other conditions

Ways to monetise the ‘Canvasynth’ could include creating original works of art and recording the resulting sounds as a high resolution .MP3 file and then selling the artwork along with the sounds to art collectors. The ‘Bare conductive’ touch board and cables can be removed after the art and recording is complete to be used on another canvas. 

Another way to earn funds from my design and concept could be hiring out a ‘Canvasynth’ which has been created specifically for an exhibit at a gallery or museum. 

An example would be a ‘Canvasynth’ loaded with original Foley sounds recorded at a ‘Formula 1’ race and then painting a picture of a ‘Formula 1’ car to be exhibited or even painted by visitors at an exhibition celebrating the history of ‘Formula 1’.

A similar scenario as above using original real world recorded Foley sounds featuring calming sounds of flowing water, the ocean, bird calls and a rainforest combined with a matching painting and the 3D immersive soundscape idea discussed earlier in the possible improvements section of this essay could be used in a therapeutic setting for people with autism, Alzheimer’s disease, post-traumatic stress disorder, depression, anxiety and other health conditions. 
  













Conclusion

I believe that I have designed and produced a strong creative musical instrument prototype for this project that combines the pursuits of music, art and technology. 

I researched the subject of creative music technology and the history and modern use of musical instruments, music hacking culture and electronic music to inform my finished project.

I aim to show the ‘Canvasynth’ prototype and future versions to people, institutions and companies who could assist me with taking my original music instrument design and the related concepts further.

The experience of designing and making an original working prototype creative musical instrument has been very fulfilling and I am sure to continue this type of endeavour and develop the ‘Canvasynth’ in the future.
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