Element 2b Instrument Artifact
Element 2b - Instrument Essay
Essay Plan:
Emulate the moog bass as, used by George Duke, Herby Hancock and can be heard in many popular great funk/jazz/fusion compositions from the 60’s/70’s/80’s.  
· Investigate what is ‘Pure Data’. 
· Investigate what is ‘MaxMSP’.
· Investigate what is ‘Reaktor’.
· Introduction to Micro Bit (CPO_D_0720 Commercial Music Producer Development) Helen Leigh
· Referencing coursework materials (CPO_D_0720 Commercial Music Producer Development) weeks 6/7 - software instrument (Phelan Kane)
· Referencing coursework materials (CPO_D_0720 Commercial Music Producer Development) weeks 8/9/10 - Music Hacking (Helen Leigh)
· Marketing (CPO_D_0720 Commercial Music Producer Development) Elle Halle
· What else is out-there? 
Throughout the course of this essay, I aim to outline the research, discussion, and work undertaken in the creation and realisation of my chosen instrument artifact.  
My approach to creating the instrument:
The instrument that I aim to reproduce/emulate is the ‘Mini Moog’ bass synthesiser, as used by many well-known musicians, and has become the go-to instrument in a variety of music genres, supplying rich deep bass sounds commonly found in funk, soul, disco, fusion and acid jazz music since the 60’s.

The ‘Moog Bass Synth’ became popular with musicians and players such as George Duke, Herby Hancock, Perter Wolf (Frank Zapper band), along with a long and growing list of bands and musicians across the decades. Bands, from Abba to Ultravox, at one time or another all used the ‘Moog’ both in their studio recordings and live performances. 
https://en.wikipedia.org/wiki/List_of_Moog_synthesizer_players  - accessed 30/01/2020.

Emulations of the Moog include Yamaha DX7, Korg M1, Yamaha CS80. As a software instrument the critically acclaimed ‘Novation Bass Station’ and the Bass Station II is still a popular favourite with programmers and beat makers. 

The Mini Moog synthesiser in action:
· https://youtu.be/xh4Ok0ex2vU?t=106 - from play position1:46-4:23. 
· https://youtu.be/2xsHN3NTyk0 - from play position 0:05-4:10. 
· In today’s bass synthesiser market, the ‘Minataur’ is considered a hot contender as one of the best bass synths currently available: https://www.gearslutz.com/gear/moog/minitaur-rev-2  - accessed 21/01/2020.

My approach to building this software instrument was figured put by considering what it was that I wanted the instrument to be able to do/achieve. The first thought process began with me needing to learn more about the workings and principles surrounding ‘synthesis’ and to develop an in depth understand into its construction, capabilities, features and applications. 
This led me to explore in more deeper terms course-work materials (CPO_D_0720 Commercial Music Producer Development) contained in weeks 6/7/8/9/10 - tutorial video presentations given by: Helen Leigh and Phelan Kane. 
Reading materials to support this research also included chapters of: 
· https://electromusic.com/nm_classic/015_workshops/Clavia/NordModularWorkshops&Threads/WerkMap/WorkShops/Hordijk2001/BasicsWorkshop.htm#:~:text=Basics%20of%20sound%20synthesis%20on%20the%20Nord%20Modular,that%20together%20make%20up%20for%20a%20synthesizer%20sound   
Basics of Sound Synthesis by Rob Hordijk - accessed 20/01/2020.
· https://medium.com/@kusekiakorame/basics-of-synthesis-and-sound-design-a-beginners-guide-9c3d0314c6d5 – 
Beginners guide to synthesis and Sound Design’ (video tutorial) Kuseki - Feb - 11- 2019 - accessed 20/01/2020.
In exploring the options by which to base my instrument design and build, and considering my overall limited knowledge of instrument creation, and still being very much out of my comfort zone; I decided to look at what was out-there, that was easily accessible, and available for immediate use. This journey became a voyage of discovery as I learnt more about the different range of alternative options and design ideas, and the various routes I could potentially take. I also needed to ensure that whatever direction I chose to take was compatible with ‘Logic Pro X’ (my DAW of choice). 
It appeared that there were many common denominators and characteristics that decided the functionality, feasibility, and the build process of each programme. They all had varying degrees of advantages and/or limitations in their purpose, use and functionality.
Building platforms such as ‘Pure Data’ were free to access with indefinite use, whilst others, like Reaktor needed a monthly subscription or annual fee to have continued use. Other options like ‘Micro Bit’ came as construction kits and required you to mail-order parts which you then had to self-assemble, programme and construct. 
Based on my first findings I decided to take a more in-depth look into the workings of Pure Data AKA PD, mainly because it was free and seemed more basic in its construction. 
Downloading and installing the PD programme seemed a straightforward process. However, finding information specific to how PD worked and functioned was met with its own set of challenges. The information was limited, and I soon became at a loss as to how to move things forward. Through sheer frustration I decided to abandon any further attempts with PD and gone ahead to uninstall the programme. 
I then briefly looked at ‘Max MSP’ but soon concluded that it was likely to become a similar experience and outcome to that as with PD and decided that I was too far out of my comfort zone to continue building something worthwhile or, at least close to the required assignment brief.
Initial research information is taken from: CPO_D_0720 Commercial Music Producer Development - Phelan Kane - accessed 21/01/2020.
· Week 6 - 6.3 Sound Design and Creative Music Technology (Software Instruments Part 1) 
· Week 7 - 2.3 Sound Design and Creative Music Technology (Software Instruments Part 2) 
Other considerations/alternative building platforms: CPO_D_0720 Commercial Music Producer Development - Helen Leigh - accessed 29/01/2020.
· Week 8 - 8.3 Sound Design and Creative Music Technology (Music Hacking Part 1)
· Week 9 - 9.1 Sound Design and Creative Music Technology (Music Hacking Part 2)
· Week 10 - 10.1 Sound Design and Creative Music Technology (Music Hacking Part 3)

In hindsight, the weekly tutorials and information proved more useful than I had previously considered. Stemming from this the research also allowed and encouraged me to delve deeper into the possibilities and discoveries of coding, patching, and building. The increased understanding led me to think more deeply about the common aims and fundamental principles surrounding the type, build and construction of my emulated instrument.   

Feeling slightly more enlightened and a little less frustrated I decided to kook closer at Reaktor. My decision to go with Reaktor as the build platform for my instrument was also supported from having discussions with my tutor and a fellow student, meeting similar choice issue. Trial and error played a huge part whilst experimenting with the different design and coding combinations within Reaktor. 

Firstly, I would watch an instructional video, then would try to create my own version of an instrument, enabling me figure things out in my own way whilst learning from the mistakes I made along the way. I wanted to try and add multiple oscillators to the   build of my instrument and included a Sine, Triangle, Pulse.

Within this macro, I added inputs to align with the oscillators and 1 output. I then added a signal path and an amp mixer. The amp mixer was connected to each input and then went back to the main structure and then added each oscillator to the macro in turn. By this stage, my instrument was now able to create unique waveforms. By using the levels from each oscillator to control the sound I was able to create a mix of the different waves and pitches which were now identifiable via addition of a scope. By Adding an audio voice combiner, the user can change the parameters and is able to apply multiple voices, if they wanted to play chords for example. 

Having got this far, I wanted to try creating my first bass sound by only using the oscillators. Was this possible? I now needed to spend the time adjusting each of the oscillators in turn, adjusting the wave signal, the level, and the P width for the pulse waves to begin shaping the sounds. This took a while. However, after a bit of going backwards and forwards with each oscillator I was able to create a reasonable sounding cello bass sound. I then saved this as the first instrument pre-set in the bank. The process of tweaking and playing further with the instrument controls became easier and I was able to create a small number of tonal bass pre-sets. It was important at this stage to ensure that each pre-set was balanced, to avoid clipping when entering the master volume signal path. 

Adding extra waveforms seemed to increase the amplitude. When you changed the tuning, you could create different effects and when the waves are out of tune you would get beating effects instead. I also experimented by adding a key range so that a bass is only playable at the bottom end of a keyboard. That associated step range could be 5ths or 3rds. A filter on the main out signal flow seemed to add acoustic sound and resonance. As I continued to change the instrument, I was presented with a lot of filter choices, including Hi-Pass filters, multi-notch, pole filters, and so on. It took a little time to figure out specifically what each filter did and how it affected the overall sound being created. To explore this further I added multiple filters, this time with a cross fade rather than a mixer for control, then creating pre-sets that had a greater dynamic range. 

Overview of the principles behind how your instrument works:
The instrument is hosted and built within the Reaktor 6 programme. Physical modelling and adaptive/subtractive synthesis form the basis and the fundamentals underpinning the control and functionality behind how this instrument will work. Sawtooth, sine, triangle, pulse wave oscillators, filters, formant Bank and ADSR’s all form part of the unit’s basic components.

Built into Reaktor is an easy-to-use interface. I found this an easy coding and wiring system to understand, use and manage, for example P is pitch - A is amplitude. In constructing the components and mapping out the wiring, several Macros were used. This avoided having an over complicated structure and was amazingly easy to duplicate them at speed, without having to build each bank part separately, repeatedly. Building in Primary Macros (macOS) seemed an easy way to create and store a series of code, and to keep them organised and compartmentalised in one space. Like an instrument and an ensemble has items, macros also do the same. 

Adding a scope via the oscillator ‘out’ to the scope ‘in’ enabled the visualisation of the waveforms, the scope reacts to the velocity of the midi notes that are being played. With the added ‘Note Pitch’ it also means being able to change the pitch of the sound via your midi keyboard. Note on/note off - coding value is 0 -1. This means that that noise gate sends a 0 when you do not press a key and then sends a value of 1 when a key is pressed. I often experimented to see what happened when an oscillator is placed within macros and then adding an in-port to the oscillator. Using the terminal, I wanted to see what would happen if I also added two new ins’ inside the macro, and an output and connecting the wires. 

This basic and simple build created an oscillator generator module that outputs periodic waveforms at specific frequencies that were controlled and decided by the keys pressed on the midi controller. An audio signal is then sent to the output, via the In and Out to the speakers. The added scope had various settings including the ability to change how you see the sound wave, changing the pitch to milli seconds. This graphical representation makes it easier to see the shape of the selected waveform that is being used. Please see following link for examples of the wave table: https://physics.info/waves-standing/ 
the physics hypertextbook - accessed - 03/02/2021. 
 
Further research into synthesis please see - accessed - 20-012020 https://www.youtube.com/watch?v=WVBPSIk7kMQ&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=2    
  
This research recommended that you should place the oscillators in order of harmonic frequency. It suggested that stacking them this way also enables the user to see the signal processing as it travels through the Reaktor file. 






Details of issues I met while creating the instrument:
Fresh Ideas were not always easy to come by as a newcomer to this, as I did not really know the full extent of what was possible, cost effective or even practical to achieve. At first finding out how to add things to Reaktor I found challenging. It took me a little while to work out, but I soon begin to comprehend Reaktors panel the layout enough to confidently begin to navigate my way through the controls with basic key commands. 

When first building in Reaktor I would forget to name things. This drastically affected my workflow and caused immense confusion in making connections. Learning to use clear labelling when working and building code was an important lesson to have learned. 

There were times that I found making certain connections difficult to understand. I had to research and learn how to connect all the oscillators up. Also following the same process with adding the pulse waves. Rather than using the gate, I added a custom control. The custom control enabled me to create a knob on the panel. 

To enable the user of the instrument to select which oscillator they want to use, I figured out that you could achieve this by adding a switch. Again, I had forgotten to name the oscillators on the panel inducing moments of confusion. At the macro level I also needed to add an aux tool audio smoother to the gate and the oscillator amplitude. This audio smoother added a slope and served to remove unwanted pops within the sine wave. I wanted my instrument to have a multiple oscillator. As the build developed, I realised I needed to add another level off functionality allowing the user to be able to choose and control which oscillator was selected/being used and be able to turn induvial oscillators on or off at any given time. This meant adding a switch between the types of oscillators and the output for on-and-off switching. 

To have multiple oscillators playing at one time, I realised that I also needed to add a mixer. Looking at the available choices I found out that there were many options available to me. Wanting to keep things simple and manageable, I followed the same coding path as before, using the macro structure to configure the wiring of those individual elements.

Without adding extra controls to the oscillator, I was not able to create added sounds. To do this I also needed to add a noise generator inside the macro to create a random non periodic wave form across all the frequencies. Whilst building the panel I had to make design choices along the way. This meant deciding if I should use buttons, menus or lists. As part of the layout and design, how would these parts sit and look with within the console, what should the induvial spacings be? 
was turned off, often resulting in the transmission of sharp loud sounds that were potentially damaging to the ears. 

Whilst beginning to understand the workings of Reaktor, I found searching for, finding, and then having to closely follow the tutorial videos a lengthy, slow and at time a frustrating process. Several times (if something did not work as described, or if the instructions happened quickly on-screen) I would have to rewind sections of the video to ensure that all the required steps had been correctly followed before being able to move onto the following section or, the next tutorial video.

In dealing with arising issues and seeking information to aid with the creation, coding and building of the instrument I had also downloaded the Reaktor instruction manual for quick/alternative referencing. This proved especially useful at times when my Wi-Fi would drop-out, losing connection and access to the video content.     

To progress the instruments functionality, it became clear that I also should have added controls for the pitch. For some reason I was not able to add transposing controls and spent ages trying to figure out the wiring. The midi was set using values from 0-127 and 60 = middle C on a keyboard. Added a fine-tuning control using settings 1-59, setting the parameters for 6 octaves and adding 12 steps as per a normal scale. Not that you would need that scale range for a bass instrument.

In deciding the instrument design and features, I had to take into consideration the size and shape of the individual controls, sliders, knobs, and how much space they would take up on the front panel. I also wanted to add a solo and mute button as well as a master switch to turn off all the oscillators with a single command. Is it worth adding a randomiser?   

Try to get sound out of the instrument presented a challenge. Given the many variables for thigs to go wrong and given some of the previously mentioned issues that I had experienced it was not at first clear why the instrument would produce no sound. The level meters would show that a sound was being emitted.  

Finding solutions to problems met: 
· Simon Hutchinson: Reaktor Primary 3 - Subtractive Synthesis 
https://www.youtube.com/watch?v=Y_r90Ahz2aE&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=3
· Simon Hutchinson: Reaktor Primary 3 Extra – Formant Synthesis  
https://www.youtube.com/watch?v=xV20jWNF-9w&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=4
· Simon Adding midi control: 
https://www.youtube.com/watch?v=Lg5GA6uenkM&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=5
· To create variance within the instrument I looked at creating actual vowel sounds - Please see Filtering to create words or sounds:
https://www.youtube.com/watch?v=xV20jWNF-9w&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=4
· Creating 3 points of resonance to create vowel sounds - TVCs envelope generator: https://www.youtube.com/watch?v=QgtcXgGStNE&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=6

Along the way I continued to make frequent mistakes and had to figure out how to add things like oscillators, scopes, and filters etc. In making connections out to the main Left and Right I would often forget to ensure the volume on Reaktor was turned down, or that the instrument was turned off, often resulting in the transmission of sharp loud sounds that were potentially damaging to the ears. 

Whilst beginning to understand the workings of Reaktor, I found searching for, finding, and then having to closely follow the tutorial videos a lengthy, slow and at time a frustrating process. Several times (if something did not work as described, or if the instructions happened quickly on-screen) I would have to rewind sections of the video to ensure that all the required steps had been correctly followed before being able to move onto the following section or, the next tutorial video.

In dealing with arising issues and seeking information to aid with the creation, coding and building of the instrument I had also downloaded the Reaktor instruction manual for quick/alternative referencing. This proved especially useful at times when my Wi-Fi would drop-out, losing connection and access to the video content.     

How you overcame or/and adapted to these issues.
Out of sheer frustration and confusion, I resulted to discuss my deepening worries and fears of where my research had brought me with a fellow student. Similarly, his own experience had turned out like that of own. Through joint dissection and further research, we both agreed that to achieve the success we both had in mind ‘Reaktor’ seemed a reasonable, obvious, and the most versatile of choices. Further research into Reaktor served to allay our fears and revealed very well supported on-line library of books and tutorial videos etc.         

Having subscribed to the full version of Reaktor meant that I was also able to access a further 14 days of online help via a series of detailed video tutorials etc. These came to prove an asset throughout the creation and construction of the instrument.
   
Reaktor research included topics on: 
· A volume of Reaktor video tutorials presented by Salama Anagram.
· Understanding exploring techniques of how to use oscillators, LFO’s, pulse width modulation, FM amplitude, VCA’s, SVF filters
· Reaktor Blocks (learning how to patch (quick start guide)
· Melda Production: Tutorial video \ How to create MSoundFactory instruments.
· The Modular instrument Part 1 Generator and FX 
· Video frequency Modulation \ FM synthesis
· Reaktor 6 create a sampler (YouTube) Simon Hutchinson 
· Forge Reaktor Ensemble Multi Layered Sampler
· Simon Hutchinson (YouTube video) Reaktor primary - oscillators and wavetable Synthesis - Subtractive synthesis - extra Formant Synthesis - Reactor MIDI - ADSR Envelope - Reaktor Primary - ADSR Envelope 
· Research software MD Reaktor Moog PD What 
· How to tune oscillators for bass sounds
Reflection upon the results of your instrument:
The biggest obstacle that I found was being able to get my head around the processes and principles of how my software instrument was going work. However, once I had started the process the attempts made to build my own were became a little more workable. This has been a steep learning curve and despite the first doubts, fears and anxieties surrounded undertaking this task, I am pleased to have been able to produce something that even makes bass type sounds. 

The work carried out in researching this project also played a big role in signposting me to the right information and underpinning albeit a basic level of knowledge around the premiss and principles of synthesis. 

Immediately the instrument presents with a professional look and appearance. The layout is ordered and compact and all the controls are clearly marked and labelled. The instrument is easily loaded and accessible within my DAW. Once the instrument is opened the pre-set sounds are instantly available. 


Discussion of improvements that could be made to your instrument, and how these could be applied:
With a little more time and background knowledge, the appearance and design of the instrument could be significantly enhanced. Graphically, I would have liked for the instruments skin to have incorporated a logo or, some type of motif that support its branding and recognition, and to help form its identity within an already crowded marketplace.

In terms of the instrument’s functionality and purpose of use, there are some additions, or changes that could be applied that would significantly improve the instruments capabilities. 

With more time I would like to delve deeper into increasing the instruments ability to create a wider range of sounds through added timbre, pitch and additive synthesis and more synthesis through wave-shaping. Increased subtractive synthesis would also be quite simple to implement and fits very well within a synthesis model where you would want three basic parameters to control the synthesis with a sawtooth generator that defines the pitch, a filter that defines the timbre and a controllable amplifier that defines the overall loudness.

Looking at future improvements to the instrument, how would a sampler or a sequencer for example be of benefit to the user. Should the unit have some form of chorus or phaser type effects. Would the build support the introduction of a reverb unit etc? 

It is intended that the addition of these finishing touches will add to the instruments appeal and serve to increase the instruments Unique Selling Point.     

Comparison and contrast of your instrument to existing commercial instruments.
The instruments physical appearance (minus a few tweaks and adjustments) is like that of a modern-day software instrument.  

User feedback and beta testing of your instrument, and details on how you responded to this.
Undertaking the build of this instrument a fellow student and I decided to take a collaborative approach to towards conducting the research and comparing notes along the way. Having jointly researched the various other options, we both agreed and decided that Reaktor was a better choice platform by which to achieve the intended instrument outcome. Whilst not having the opportunity to fully test and explore the instrument on completion, we were able to review, problem solve and discuss the instruments functions in more detail as it travelled through the various developmental stages. Many questions still exist into the instrument’s current limitations and capabilities. The next step would be to progress the research and to look at these in much more detail.   

Research links:
1. List of Moog synthesizer players https://en.wikipedia.org/wiki/List_of_Moog_synthesizer_players 
2. Moog in action (1)  https://youtu.be/xh4Ok0ex2vU?t=106  
3. Moog in action (2)  https://youtu.be/2xsHN3NTyk0  
4. https://en.wikipedia.org/wiki/List_of_Moog_synthesizer_players  - accessed 30/01/2020.
5. from play position1:46-4:23 - Moog in action (1) https://youtu.be/xh4Ok0ex2vU?t=106 
6. from play position 0:05-4:10 - Moog in action (2)  https://youtu.be/2xsHN3NTyk0 - 
7. Moog emulated instrument - accessed 21/01/2020  https://www.gearslutz.com/gear/moog/minitaur-rev-2  
8.  Basics of Sound Synthesis by Rob Hordijk - accessed 20/01/2020 https://electromusic.com/nm_classic/015_workshops/Clavia/NordModularWorkshops&Threads/WerkMap/WorkShops/Hordijk2001/BasicsWorkshop.htm#:~:text=Basics%20of%20sound%20synthesis%20on%20the%20Nord%20Modular,that%20together%20make%20up%20for%20a%20synthesizer%20sound   
9. Beginners guide to synthesis and Sound Design’ (video tutorial) Kuseki - Feb - 11- 2019 - accessed 20/01/2020n - https://medium.com/@kusekiakorame/basics-of-synthesis-and-sound-design-a-beginners-guide-9c3d0314c6d5
10. link for examples of the wave table accessed- 20/01/2020 https://physics.info/waves-standing/ 
11. Further research into synthesis please see - accessed - 20-012020 https://www.youtube.com/watch?v=WVBPSIk7kMQ&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=2    
12. Simon Hutchinson: Reaktor Primary 3 - Subtractive Synthesis https://www.youtube.com/watch?v=Y_r90Ahz2aE&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=3
13. Simon Hutchinson: Reaktor Primary 3 Extra – Formant Synthesis  https://www.youtube.com/watch?v=xV20jWNF-9w&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=4
14.  Simon Adding midi control: https://www.youtube.com/watch?v=Lg5GA6uenkM&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=5
15. To create variance within the instrument I looked at creating actual vowel sounds - Please see Filtering to create words or sounds: https://www.youtube.com/watch?v=xV20jWNF-9w&list=PL7w4cOVVxL6H9iE7Nuvo0vtQHDfXPzTVE&index=4
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