MIDIlfiable

Technological
Design Project

Year: 12
Design Statement:

To improve the flexibility and customisability of MIDI based Human User Interface devices such

as DJ controllers. This will be achieved by creating a Modular MIDI controller that is user
customisable and effective in a wide variety of MIDI systems.

Synopsis:

Current MIDI controllers, especially DJ controllers, lack the flexibility to customise hardware
configurations. They also have limited serviceability and repairability with many vital
components being prone to breaking. Making a modular MIDI controller will alleviate both

these issues and would be perfectly suited to hobbyist DJs looking for the latest innovations in
musical computer hardware.
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FURTHER on:
PROBLEM IN SOCIETY JUSTIFICATION Ideation:
EXPLORATION | initially brainstormed many problems in society, a

The Health Advice Problem has been created from the excessive amounts | will look further into this as it is something | sgction of which are shown in the _notes aboye. !

of research and information making it hard for everyday people to find have personally found to be a problem discovered around 25 problems | was interested in or

reliable medical advice. especially when looking for natural solutions. had experienced, then picking the top 5 for the table to
the left.

Function Planning can be difficult when everyone specifies days they are | won’t look further into this as | believe it is

This table was an effective organiser for me to
compare these problems and decide whether to

| will look further into this as | value privacy continue with further exploration. | decided to look
and unbiased information and believe this further into three of these to gain a

issue is growing at an ever increasing rate. broader understanding before
deciding on a single one to

and aren’t available. It can become hard to solve which day suits the best. more an inconvenience rather than issue.

Popular search engines such as Google are notorious for logging user data
and tailoring results to each person. Trying to find unbiased information
such as news can be an issue.

MIDI Controllers are a tactile interface for controlling computers, | will look further into this as | see a vast

especially in musical applications and stage lighting. However, range of related issues and plenty of scope continue with for my
requirements vary and with thousands of available choices, finding one for improvement. It is also an issue that has HSC Design and
perfectly suited to a users needs can be extremely difficult. ' affected me personally. Technology

Heat Shrink is commonly used to insulate electrical cables, however, it I will not look further into this as it is not my

relies on having a free end of the wire to thread it onto. Electrical tape is area of expertise or interest. | also believe

not an effective solution as it leads to electrical hazards as it deteriorates. this is likely already solved by other products.
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Identification & Exploration of Ge

Needs and Opportuni

The Health Advice Problem

The Health Advice Problem refers to the issues around health advice for minor medical issues.
Firstly, according to doctors judgements, around 41% of GP visits are unnecessary. (See: https://
pubmed.ncbi.nlm.nih.gov/2284523/) On top of this, personal experience often reveals that for
these minor issues, many doctors would give completely different advice, often prescribing
antibiotics when not necessary to solve the issue. This is accentuated with patients who would
prefer natural rather than chemical solutions, only to find the extremely vast variety of “cures”
online makes it impossible to find the verdict.

Design Situation & Target Demographic:

Far too much medical information is available online, often with no effective sorting solutions.
The tech savvy demographic and home remedy gurus need an effective solution to locating

reliable medical information online that aggregates sources and provides relevant and proven
true information.

Market Opportunities & Research:

Various websites already exist attempting to solve this problem, Medscape for example provides
supposedly reliable medical news (See: https://www.medscape.com/). Mayoclinic offers a
symptoms checker that attempts to suggest the issue based on the users symptom descriptions
(See: https://www.mayoclinic.org/symptom-checker/select-symptom/itt-20009075). While these
individually seem to solve various areas of the issue, it still isn’t a complete solution. Firstly,
each only involves a single source of information - their own databases. Secondly, the financial
motives of the companies are unknown. They could have tailored information aiming to sell
more pharmaceutical medication.

Weaknesses
Limited medical experience
Don’t have access to the likely high
levels of required computing power
or servers required
No current industry links

Strengths
Experience with programming
Experience working with data
Many sources of information

available to combine and utilise

Opportunities
Could be beneficial with growing
population and limited hospitals
Recent COVID Circumstances open

new needs for limited contact and
off site treatment

Threats

Similar to existing solutions
To gain market share will require
large investments, especially to
compete with large search engines

Ideation:

Ideally, a solution would need to incorporate multiple organisations and sources of information.
It should also be able to suggest secondary options, such as less common natural practices etc.
While the need definitely exists, it may be difficult to fill this market gap as it is partially solved
by some companies and many people may not consider the problem but rather simply take the
first advice they find.

One idea for solving this issue is to create a data analysis and indexing system that takes results
from medical databases and search engines to look for patterns. It would then be able to find
reliable and cross referenced results for any condition. It could give unbiased results and show a
“certainty” factor based on how well matched information is from seperate sources. The flow
chart sketch on the right shows how this would work. It would come in the form of a simple
website search system similar to Google.

Evaluation:

The Health Advice Problem is a growing issue with many complexities and possible solutions.
The nature of the problem involves masses of information, and while a prototype may be
possible for this MDP, | will not be continuing with this. My interests aren’t in copious amounts
of data analysis or coding and the market is complex with many solutions already starting to
arise to fill the gap. For this reason, | will not be continuing a Major Design Project on this issue.
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Identification & Exploration of

Needs and Opportuni

The Unbiased Information Problem

The unbiased information problem is one that has been a part of the way humans have
functioned for many years, especially in political scenes. Generally, people are attracted to others
with similar ideas and beliefs. This means that often, people aren’t confronted with opposing
ideas and values. However, this is greatly exaggerated by the use of technology, as all the
information we digest is filtered and tailored to our best interests. It is no longer the same
newspaper for everyone. Instead, it’s a feed designed to keep our attention the longest,
regardless of the content. The result is inevitably that people are only fed with what they agree
with, causing a greater divide and less understanding in the world.

Design Situation & Target Demographic:

With most of the younger generations and working population using modern technology for
finding information and news, getting a well rounded view of what is going on in the world is
very difficult. The basis of this issue stems from the largest motivator for current companies
being profit (through user engagement) rather than equal and unbiased representation of results.
This growing demographic is in need of technology that gives relevant information while avoiding
the extreme targeting that is causing such large divides and misunderstanding in our world.

Market Opportunities & Research:

The market in this area is very overcrowded and cloudy. Many browser applications like Brave
Browser emulate popular options like Google Chrome but with claims for far superior speed and
reduced tracking. Many search engines claim to do the same, such as Duck Duck Go, a popular
“incognito” search engine. The problem is for most users, it is impossible to verify whether these
services live up the their promises. Even many advanced IT companies have failed to verify how
truly protective they are, especially with tracking becoming more and more advanced every day.

Weaknesses

No access to servers or advanced
developer tools
Minimal industry links
To make effective final product,
advanced programming required

Strengths
Experience with programming
Understanding of loT
Understanding of Digital Tracking
Experience working with data

SWOT
Analysis

Opportunities
Could be complimentary and
valuable to existing services
Could help grow the market
Privacy is often highly regarded
in modern society

Threats

Market is overcrowded
Gaining awareness can be tricky
Revenue could be hard to generate
Can be tricky to make guarantees

Ideation:

With the market being so complex and many solutions being offered, one possible solution is to
create a service to test the products made by these companies. It would likely be an online
website that uses all the common tracking techniques as well as newly emerging ones. This
website would allow users to check whether it was successfully able to find any of their
information or track their access.

Evaluation:

The unbiased information problem is very complex and has a crowded market surrounding it.
This makes it very difficult to create an effective solution without lots of experience in the field.
It also will likely include lots of computer programming or data analysis and management. Due
to these reasons and a lack of deep interest in the area, | will not be continuing a Major Design
Project around this issue.
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Identification & Exploration of

Needs and Opportuni

The MIDI Controller Problem

MIDI stands for Musical Instrument Digital Interface. Despite being originally created for
connecting instruments to computers, it is now used for many purposes including performing
as a DJ, Stage Lighting, Computer Control with Photo and Video editing, Gaming and Aeroplane
Simulators. MIDI has become a popular way to connect any sort of button, knob or other controls
to computers - a physical interface other than the keyboard and mouse. Many products
commercially available as well as an infinite amount of uses which will differ on an individual’s
needs and preferences. This is a problem because everyone has a slightly different way to use
them - much like a home screen of a phone has the same basic icons yet everyone arranges them
completely differently.

Design Situation & Target Demographic:

The ability to buy or create MIDI controllers well suited to a specific need and/or user is
currently not presented in the market and effective solutions do not yet seem to exist. Whilst
MIDI controllers are used for many different applications, the target audience would be music
producers, live musicians, and DJs. Live DJs and music producers need an adaptable solution
that allows customisation and adjustment on a user and application specific basis.

Market Opportunities & Research:

The market for MIDI controllers in general is very large as these controllers are used for a massive
variety of purposes. They are commonly used by DJs, Musicians, Live Video DJs, Visual effects &
Lighting, Video Gaming, Simulators (Such as Flight Simulators), Video Editing, Photo Editing
and much more. Many of these industries tie into one another, leaving a perfect gap for my
product. A modular controller that can be used for all of these functions.

Ideation:

Most ways to solve this problem revolve around the concept of modularisation. This has long
been a part of the evolution of analog synthesisers (A), however has not made its way into the
new digital era. Rather than making completed boards, they must be broken into smaller pieces
that can be assembled in any way the user wants. The first idea that comes to mind is a system
similar to Lego, in which a user can select from a large range of possible parts and clip them
together however they like.

Evaluation:

The possible design scope with this project is very large and the need for modularisation and user
configurability has been seen again and again throughout history. This genuine need can apply
to many different areas and could benefit a wide range of users, making this the perfect project
for my MDP. | also have interests in the areas of music, programming, construction and
circuitry which is why | will be continuing on with this design project.

Weaknesses

Could become complicated to
design and program
Complicated designs could lead to
unreliable product for end users

Strengths
Experience with programming,
circuitry & MIDI Devices
Experience with Soldering etc.
Passionate in the field
Have industry links

Opportunities
Suitable market gap
Applicable to large range of users
Works well with growing issues
related to repairable goods

SWOT

Analysis Threats

Hard to compete with big brands
Gaining awareness could be tricky
Quality Control of products with

many pieces could be difficult

Primary & Secondary Research - Survey Data &

Statistics

Through my research, | have created a page spread showing all the existing research and
statistics related to the MIDI controller problem. | also performed a survey which provided
interesting results. These are detailed on the following page. Overall, the outlook on modular
devices is very positive.
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Through this section, | have found the research into these individual ideas very valuable. As | researched the MIDI Controller Problem final genuine need, | decided to pursue it and consequently
continued on with further research to validate this decision. This includes the survey data, in depth market research and ideation sketches. | decided it was best to conduct all my survey research
early on, which is why | provided all the results on this page. Through this, | knew exactly what | was working with from early on, giving me the best knowledge of the consumer market and broadest
view of the genuine need at hand. | also performed sketching and ideation very early as to allow these ideas to continue to grow over time. Through this, | let myself create a much wider range of

solutions to solve the problem.
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Identification & Exploration o

Needs and Opportur

Central Claim - The MIDI Controller Problem

As a keen recreational DJ & Musician, experienced programmer and electronics hobbyist, | love to
create, rearrange and modify things. | deeply understand the need for a modifiable and/or
modular MIDI (Musical Instrument Digital Interface) controller. | am often frustrated with the
limitations of pre made systems and the inability to customise devices to individual needs. |
also understand the pain of breaking a single vital component of a larger machine, requiring a
replacement of the entire package, even when everything else works perfectly.

| clearly see the need to create a product that fills this gap.

Design Brief

To create a modular MIDI controller that is user customisable and effective in a wide variety of
MIDI systems. This should include and be compared/contrasted with common DJ MIDI
Controllers.

Design Situation

With ever-growing advancements in technology, many forms of music and instruments have
become digitally based or otherwise incorporated into computers. This transition has lead to an
abundance of “MIDI” controllers - interfaces between the user and computer. However, these
controllers need to have particular features or setups for each purpose & user, meaning
companies must make several varieties to fill all needs. This need is still not properly solved
leaving many users in a disappointing system of complex setups with multiple devices required
to fulfil their individual purposes.

Market Opportunities

The market for MIDI devices is very large, however due to the nature and user requirements for
these controllers, it is filled with a large number of niche solutions rather than “one size fits all”.
The market opportunity that will be approached is not focusing on a niche area as often
traditionally done, but instead attempting to create a customisable solution that is suitable for a
large range of users. It would be in the same price range as middle class controllers but will
provide a far larger scope of potential usage and configurations than anything currently available.

Target Market

For this project, there are two potential target markets that could be approached. Either a
hobbyist DJ who is looking for a system to explore their MIDI Controller needs, or a larger scale
DJ who is looking to create elaborate customised rigs specific to their gig style. As this is my
first time designing a solution to this problem, the product will likely utilise lower quality
materials rather than high end audio equipment. For this reason, | am going to focus on providing
the solution to this need for a hobbyist or beginner to intermediate range of DJs and other MIDI
users in similar situations.

Survey Data Analysis ® Yes ® No

The survey created was based on investigating the perceptions
of modular versions of technology. This was due to having a
very small sample size of people available to survey. This meant
very few people had experience specific to MIDI controllers, so
asking more generalised modularisation questions was
required. This survey has been designed with a variety of
examples of technologies and assumes the results found will
also apply to MIDI controllers. The findings include very high
results in favour of modular devices, with 100% of the
participants deciding modular technology benefits the user.

Would the
use of modular

technology
benefit the
user?

Feasibility

Overall, constructing a solution to this project is feasible given my skillset, experience, research
results and timeframe. The market gap | have identified is legitimate and available for
innovation. The potential for future expansion is large, with MIDI devices being used for many
purposes with relatively similar designs and setups. While executing an effective solution to this
problem will likely be difficult, | have many years of experience with coding, technology and
construction so | feel | will be up to the challenge. | also have a strong work ethic and am
invested in this issue as it affects me too. Additionally, my father, uncle, cousin and a few of my
friends are involved in DJ performances & Electronic Music meaning | have valuable insight and
have the ability to trial solutions with feedback from industry professionals.

Up to this point, | have completed a table of ideas (PG 2), exploration of three needs (PG 3-5) and a statement of intent for my final idea (PG 6). The table of ideas was the result of an extensive 25 idea
brainstorm (briefly shown as post-it notes) and was a very effective tool in helping me decide and justify the three ideas | would further explore. From this, the fairly in-depth research of each idea
was extremely valuable in providing an understanding of the ecosystem of each area. | specifically used a SWOT analysis for each to directly compare strengths, weaknesses, opportunities and threats
across these genuine needs. The SWOT analysis took a fair amount of time and difficulty to complete to a high standard but was ultimately very valuable and played a big part in helping me decide

which need to continue with. Finally, the statement of intent helped summarise my research and justify my position, ultimately giving me direction and motivation in continuing this genuine need.
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Initial Research & Areas o

AREA TO INVESTIGATE

METHOD OF INVESTIGATION

FURTHER ACTION -
COMPLETED IN SECTION:

FURTHER ACTION

EXISTING MODULAR PRODUCTS :o\r,géluléi: &thgplfoflci)dixscl)?;iisnr:nge of existing Ec::;ourcn; zz ::g&a;és:sr;bl?ﬁtyeen any existing products and the planned features for my 14,15, 17
CONTACT PEOPLE IN THE INDUSTRY thiéz\gi:te;?vﬁibbgn%:c:g;:rcéczcig the field and record g;?j'scfr:esnlgnga;;snii;grgitigzjtr;g;r.\gs. Analyse these responses and make relevant 23, 24
TIME REQUIRED AND MANAGEMENT L‘évélelr;i;izriﬂe"";;tciessgeeg“ired for each section to

COST ESTIMATES & RESEARCH :ﬁ‘r’]"('jlt,\,rﬁ:f:rt?;:recﬁgzz ﬁfoﬁrts  will likely use and

DIGITAL MIDI PROTOCOLS :Vlvlv[i)lll éj:favl\;i:;iffcd;fsto understand the standardised | Create a flowchart that structures the code in a way that will support MIDI standards. 94
CUSTOM PCB EABRICATORS L\r/]v;l:ﬁ:]edsiﬁgcrr:]gisftTiLeigch;gIi;zt;;i;ﬁiﬁ)r:ncompanies (C::(l;(;z'-ce a company comparison table including alternatives, comparative price, pros and 20
SOFTWARE TOOLS & PACKAGES Lxélcgsfftrﬁz gi—fctje;ftn;cocf?r?dpaﬂ(an?c?:tf:l:i)c/:glzus g\tz?lgeb?etsgcl:i :2:; compares the most important metrics and features from different 21
TR ERENCE TESTING | e e isues | ota onle v deis o i oyt oy e eabrneay |
LOCKING MECHANISMS Imvgicl:]g:]gi]ist;lslypils)sli)t:?;otype different locking Snrggﬁzr?ilzrgg?ongggte.l in Fusion 360 and use movement tools to develop possible locking 16, 17,18
MANUFACTURING TECHNIQUES L\\;\gilllacbol(rangfﬁ;zihrgsrufacturing techniques gsir&pbal;etgrgzeapfr %);s[)fgdrzszufacturing tools and techniques to find which may be 23
AR ALS & LLUMINATION | e e o aesoun e meemnc ot fretone rape - S0e meleriss vhle | 559
SOP FOR TOOLS I Will. understand and abide by all safety Research aqd learn thoroughly .the safety requirements for use with chosen 29
requirements for the tools | need manufacturing tools and techniques.
SAFETY & REGULATIONS If(xglt);iicgnostott%fyo;g:tial local users and request ;Zer:;tbeil?tl;dos%tﬁzl%gsr?;ﬁtypes to local DJ and request feedback on the look, feel and 23

The use of a table structure to analyse areas of investigation has been a highly effective tool. By breaking down the task into specific areas to research, | have been able to clearly understand the
required steps and keep them organised in the relevant areas of my folio. Some areas of investigation were not included, such as environmental impact and life cycle analysis. This is because
environmental considerations are not a high priority for this design. In further stages, if this product was ready to be produced on a larger scale, a life cycle analysis would definitely be an area of
investigation.

In the future, | would like to experiment using different formats for this information, possibly a flowchart or similar system. This is because the areas that need investigating often branch out from
each other in a chronological sequence. After | completed this task and begun performing research, | often found more areas | would need to further investigate that branch from the initial area. In
this case, | just continued my research in the relevant section but didn’t amend this table as it has already served its purpose as a cognitive organiser and plan.
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Criteria to Evaluate Su

SPECIFIC CRITERIA TO EVALUATE SUCCESS

IMPORTANCE

METHOD TO EVALUATE SUCCESS

| will continually test to confirm the product is fully user adjustable
during the process.

FUNCTIONALITY
KEY

LIFE CYCLE ANALYSIS
cosT

STANDARD | EXPECT TO ACHIEVE

| expect to achieve a device that could be adjusted to suit any
user and many purposes with ease.

| will connect controller to a variety of applications to make sure it
works as expected with them all.

| expect full MIDI compliance with options for advanced users
to adjust how MIDI is assigned to any desired extent.

| will continually test the controller for different MIDI purposes
throughout the project, primarily during programming stages

| expect it to function properly for the majority of MIDI
purposes, however it doesn’t have to be optimised for all.

BODY SHOULD BE SMOOTH PLASTIC WITH EASY
TO GRIP CONTROLS TO AVOID MISS-CLICKS

| will survey people who use MIDI controllers, asking them to test my
prototype and make a judgement on surface and ergonomics.

| expect a user perceived result equal to or better than
common mid range controllers currently on the market.

COLOURS MAKE IT EASY TO DIFFERENTIATE
BETWEEN BUTTONS IN LOW LIGHT

| will place the controller in low light situations and try to utilise it,
comparing my results to normal lighting conditions.

| expect minimal differences between lighting conditions,
potentially improved aesthetics in a darker scene.

DESIGN IS SLEEK, MODERN AND CLEAN FINISHED.
SUITABLE FOR A HIGH CLASS PARTY

| will survey people who use MIDI controllers, asking them to test my
prototype and make a judgement on design and look.

| expect 50% of collected survey data to rate looks equal to
or better than existing mid range products.

AESTHETICALLY PLEASING AND COLOUR SCHEME
CAN BE MODIFIED BY THE USER

| will use RGB LEDs and if time permits, will program features that will
fulfil this need. It should have user accessible settings.

| expect to have full user customisation of colour schemes,
however due to low priority this is only if time permits.

MUST BE FUSED, LOW VOLTAGE AND WON’T
EXCEED POWER LIMITATIONS FROM USB PORTS

| will thoroughly test my circuity with a multimeter and lab power
supply while simulating usage to ensure specifications are met.

| expect a fully 5v USB compliant device that is fused and will
not cause damage or injury in typical situations.

MUST NOT HAVE DANGEROUSLY SHARP EDGES OR
HAZARDOUS MATERIALS

| will thoroughly inspect product to ensure no dangers have been left
over from manufacturing.

| expect a safe to use product aimed at a mature age target
demographic. It does not need to be child safe.

OO00O

| will ensure all vital parts are designed with ease of access. | will ask
my peers to test and confirm this is achievable and user friendly.

| expect simple swapping of components without the
requirement of specialised tools or knowledge.

| will perform durability tests on all materials and parts of my product
through usage simulations and scenarios such as being dropped.

| expect moderate and reliable durability that would allow
professional users to perform without issues.

| will make a budget plan, perform research and ensure the final
product meets this regulation.

| expect the final product to be within $200 of the average
mid range MIDI DJ controller.

| will design a simple financial plan and examine the cost of producing
each component and find the price of selling them individually.

| expect an individual component to amount to no more than
5% of the cost of the entire controller.

The criteria to evaluate success has been fairly useful for me at this stage but | believe it will be essential to refer back to in later stages of the design. It successfully allowed me to set importance of
aspects and justify this to both myself and others reading this folio. By giving each area an importance rating, | am able to focus my efforts in priority order and make sure | am on track to achieve

these right from the very first ideation sketches.

In the specific criteria to evaluate success, | have chosen to focus on many important areas of design, however | have chosen not to include environmental factors into these. This is because for my
design | have ranked many other areas such as function, aesthetics and ergonomics very highly. | am not able to focus on every possible area and | have decided that due to the nature of my genuine
need, | have found this is not an essential element of the design situation.
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Project Management - Time &

KEY TOOLS & MACHINES

Project Budget

For this project, | have negotiated a budget of $500 funded by my
family. According to my budget, this should cover the cost to make a
controller with some spare for unexpected costs as prototyping
reveals required changes.

Commercial Feasibility & Costing

If I was looking to produce this product commercially, | have the
potential to be successful as based on my initial cost estimates |
am far below the average MIDI controller selling price of $800.
However, to produce my product will likely require advanced
machinery such as the Laser Cutter and CNC machine which are very
expensive. | would likely consider outsourcing manufacturing to
factories that already have these tools available, however this would
be a consideration to further research when that point in time
comes.

Changes Throughout the Project

Over the course of this project, the items purchased varied
considerably from the original plan. These changes included:

- No PCBs ordered - Supplier was not capable of producing in time
- Different displays purchased - Cost $30 more than expected
- No Sheet Steel purchased - Double quantity of magnets instead

Most of the parts were ultimately bought through different sources
and/or sellers than the original prices were collected from. This
meant that many of the prices were different than the initial budget
forecasted. However, the final cost of all used parts was $297.15
which was below the $307.13 and far below the $500 overall budget.

11/12/2021
QUANTITY PURCHASE APPROXIMATE POSTAGE CUMULATIVE

E’b 'TEM PER BOARD LOCATION COST COST CoST
- . _ TEENSY 4.1 1 Core Electronics $52.10 $60.10
REV D AUDIO | Core Electronics $29.10 ¢ $89.20
| INA260 1 Core Electronics $17.85 $107.05
PROCULUS 1 Alibaba $80 $10 $197.05
= —— @ LEDS 88 JLCPCB $0.05 $10 $211.45
BBBBBBBBBBB PCB 1 JLCPCB $10.90 $2 $224.35
— SCREWS 2 eBay $420/  $4.99 $233.54
o B o Fimon e ACRYLIC SHEET |1 School Supply Unknown $233.54
e SHEET STEEL 1 Bunnings $25 $0 $258.54
Hems bought rom onlinery — p— B2y 5070 % 7612
TOTAL 334.99 $311.13
» - - - School Supply $40000 -l $40,000.00
- School Supply $67000 -|  $107,000.00
o284 © st - Unavailable $4000 - $111,000.00
G i - school Supply $250 [ $111,250.00
Total AU $297.15 TOTAL 0 $111250.00

The use of this Financial Management has been highly effective for planning what needed to be purchased and allowed a clear eBay shopping list to be made.
The quantity of items was tricky to articulate with this table structure as smaller items may be bought in bulk but only a set number required per board. However, some items may be needed for other

components such as the head unit. This means the quantity column of the above table isn’t perfectly reflective of how many components were needed, however it is a good approximation.

As far as commercial feasibility, curiosity led to a breakeven analysis and further exploration than was detailed above. While MiDIfier still showed to be possible, it became quickly evident that proper

feasibility analysis requires more concept of what manufacturing processes and what materials will be used. At this stage, this is all unknown as the first prototypes are still in ideation stage.
Throughout the project, this initial plan was great to be able to revisit and reevaluate. This effectively kept the project within budget even when different parts had to be ordered or an alternative
system was put into place as plans were revised and new prototypes developed.
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Project Management

Time

ACTION

TERM 4 - 2021 (5™ OCT - 8™ DEC)

6 7 8 9 10 H1 H2

H3 H4 H5 H6 H7

KEY COMPLETED TIMEFRAME

HOLIDAY WEEKS (H#)

TERM 1 - 2022 (27™ JAN - 8™ APRIL)

4 5 6 7 8 9 10

BRAINSTORMING AND DISCOVERY
OF GENUINE NEED

FURTHER RESEARCH INTO NEEDS
& FINAL CHOSEN NEED

CRITERIA FOR SUCCESS & PROJECT
PLANNING / MANAGEMENT

EXPLORATION OF MARKET &
CONSIDERING DESIGN FACTORS

o
/‘/,
v

More allowance needed to thoroughly explore
!

-

fferent ideag and find the mogt guitable

Ongoing referencing and updating wag
ontrack! T

] | . Py
- needed to keep

o
o

/

_—— Done initi H( with idea "’H“ tion and

- G— - 4—again in more depth with chosen idea

d |

IDEATION & INITIAL DESIGN

- //'* LO’(E‘ C"Fﬁ fd@éjﬂ()r’\ - /IGHL P(I\ ng
&

CAD DESIGNING OF INITIAL
CONCEPTS

Back to the drawing board! After trying

prototypeg, redegigne were needed!

Cad Degign wag 3 masgive

° )
job, more than expected
Job,

CREATION OF FILM FOR FOLIO
& ASSESSMENT 1

Took a fair chunk of time, however parte

el

ISR I\ SRR s S (I TSN RS B
were reugable for final digplay video

ESTABLISHING INDUSTRY LINKS &
REQUESTING ADVICE

Thie wag harder than expected - Wag postponed

until later in the project when a prototype wag available to show —

SHARK TANK PRESENTATION OF
IDEA FOR ASSESSMENT 1

- ///‘ C’ﬁ E;QhQC'UT@ 'FC’ aggesementg }
/.A

EXPERIMENTATION & FURTHER
RESEARCH

e Heap.@ of exira —

FINANCIAL PLANNING &

,,‘ ]

Vore regearch and re:‘hrgv

o uhch parte were needed depended

B
- on the outcomes of wxpm nentg -

— Holidays were uged for programming ag

/
EVALUATION before these plang could be ma Jp ]
DEVELOPMENT OF 3D CAD
MODELS e

CAD capable computer wagn’t available

This first half of the Gantt chart plan was followed fairly closely. It was definitely the best planned segment of the project and time was spent effectively because of this. The relationship between

tasks however meant that any delays accumulated and flowed on, making the send half less closely followed than the first.
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FURTHER EXPERIMENTATION & Manutacruring was delayed due

MANUFACTURING STAGES 52 oxtonded exterimentation neoded - /—

PROGRAMMING & TESTING OF I8 Was a very big job but pote
WAIN CONTROL BOARD | suceessful working dlement of the project ——» | [l < coiicr then exected [ [
GRAPHICS & FIRMWARE Thic wag not completed to a degirable standard due

DEVELOPMENT OF DISPLAY BOARD N || fine consteintsand i of cher apocs. [N

DEVELOPMENT OF FOLIO &

MANUFACTURING OF FINAL PRODUCT

FINALISATION OF SOFTWARE & [hie wag ahead of schedule becauge of
FIRMWARE - e extra holidau fime uced to complete i

THOROUGH QUALITY CONTROL AND | /' PO%¢  limited ,
TESTING OF FINAL PRODUCT aced on brofotuses rather than final broduct —bs -

—— - — [hic waa hohind ephodule due 0 othor enh
FINAL EVALUATION OF FINISHED | is wag behind schedule due o ofher sch
PRODUCT < - - a8gesgments consum \/ more time than “;:._-'f",:.";."_'.".;l"j

FINALISATION OF FOLIO DOCUMENT & | £ [his took slightly longer fan expected and went: through
VIDEO ront otoloc

DEVELOPMENT OF FOLIO &
EVALUATION OF PROJECT

The use of this Gantt chart has been highly effective for planning and was fairly useful in keeping track of time. The Gantt chart approach seems to lack the specific task tracking abilities that are

preferable in a digital time tracking software, however these often require a fairly large setup and are a long term solution. This may be invested into for the next project.
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AR P ototyplng

= Existing Products g

/1 T VY

LEMENTSMODULAR MIDI CONTR
smnnes SIEM S

~ Testing

Y Prototypes
Organisation Lihge

« Programming -
Head Unit with v Controller ) °° .. El

k / _Main_03b a_Variables b_Prototypes ¢_Classes d_ClassDef ¥ ions]
Screen & _—_ .

Electronics B N
e / § Case ss RepeatClk {

Modules C||p g w7 t32_t _repeatPeriod;
i /S / / elapsedMillis _sinceExecute_millis;
inontop A |

elapsedMicros _sinceExecute_micros;
_catchUp;
Head Unit _microsQuality;

Repeartlk( t repeatPeriod, catchUp, microsQualit
_repeatPeriod = repeatPeriod;
this->, LatchUp catchUp;
rosQuality = microsQuality;

Bl c00099097

Modules are /r .»heet et
interchangable

and magnetically
attached

Modules J

_sinceExecute_millis = 0;
_sinceExecute_micros = @;

PCB & Magnets

SR /4
e /4
Base for Rigitity Wi i bse

and connections

DS RC2("\nRepeat(LK has Begun");

Resets the current status of timing to curren
reset() {
_sinceExecute_millis = 0;
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ldeas Generation

ELEMENTS

The Elements
controller is a modular
synthesiser in a user
friendly form. It can
also be MIDI interfaced
with a computer

Existing

MINE S
SPECIAL WAVES

- |

The Special Waves
controller is a MIDI grid
with rearrangeable
components that can
be customised and
interfaced by the user

GRID
INTECH STUDIOS

.....

.....

hThe GRID controller is

designed as individual
MIDI panels that can
be daisy chained
together as an
expandable controller

MIDILAR
JACUB MUNDRAK

The MIDILAR controller
is a MIDI based digital
synthesiser designed
to work with modular
synthesiser software

for musical production

Great for quick custom
synth build, simple,
effective & aesthetic

Perfect for small scale
customisable controls,
fairly versatile design

Snap together & very
simple, well executed
& aesthetically great

Fairly customisable
and perfect for MIDI
modular synthesis

Only for very specific
application, not highly
customisable

Missing core
components, small size
panels, requires app

Not very customisable,
missing many
components

Only for very specific
application, not highly
customisable

Software support is
discontinued, this
product isn’t supported

Requires custom
application to connect
to computer & set up

Very simplistic design
& operation, great for
simple usage only

Isn’t commercially
available, still in
concept idea stage

$650 - $950 Full Device
$100 per module (4x4
controls)

$399 - $499 Full Device
= $16 per module
$179 Base Plate

= $100 per module
(4x4 controls)

Currently unavailable
for purchase

My controller won’t require a special app. It will be customisable down to individual button level,
instead of swapping whole panels. It will have different sized panels & a large range of modules
so it will have a far greater usage scope than all above products. It will work for not only MIDI
synthesis, but also DJing, Stage Lighting, Photo & Video editing, Gaming & Simulators and much
more. It will cost less than all except the GRID when compared on a cost per button basis.

KEY - AREA OF
EXPLORATION

Existing Solutions to the MIDI Controller Problem

There are currently a limited number of solutions to this problem, with the most applicable being
detailed by the table on the left. These include the Mine S by Special Waves, Elements by LIVID,
GRID by Intech Studios and MIDILAR by Jacub Mudrak. The Elements and MIDILAR controllers are
both designed as modular synthesisers, and while they do run through MIDI, they do not solve
this market need as they are specifically for sound synthesis and only offer a solution for this
small market portion. These, along with the GRID controller all come as “chunks” of buttons and
controls, not actually allowing the user to rearrange them individually but rather in groups. This
results in only a few possible combinations and not being useful or practical for the
overwhelming majority of users.

The Special Waves X does solve this problem by creating individual slots for each button etc,
however it brings its own series of issues. Based on only 5 active components, it is missing key
functionality for DJs, Loopers and many other users. It also has limited settings and requires
specific software to work, meaning it can only be integrated with apps the manufacturer
supports, not allowing any user additions or modifications. To summarise, a large market gap still
exists but requires a breakthrough that is far superior to the minimalistic existing solutions.
Overall, the main problem is a lack of functionality and a far too limited usage scope.

Relation to Design Brief

These currently available products fall short from satisfying the design brief in the following
areas:

- Functionality - These all lack comparable functionality to current standalone products
- User customisation - These have limited and/or far too few options to be effective

Effective for wide variety of uses - These are only useful for specific niche use cases
- Price range - These are very expensive for their functionality compared to current products

As well as this, there are many other areas of these designs which | believe could be largely
improved on to better fill this gap in the market. These current solutions simply don’t get enough
attention because they don’t fulfil the needs of the user and act as more of an “optional extra”.

Assessing the existing solutions in this section has been critical. The use of a table over other cognitive organisers such as a mind map or Venn diagram a strategic choice. Venn diagrams can be
confusing especially when relating more than three products and mind maps are more effective for creative rather than comparative stages of design. By using a table, it is clear which elements are
being compared and methodical research into all required areas of each product can be done.
By using a table that clearly compares and contrasts four of the best currently available solutions, it became evident what was required to properly fit this market gap. The flaws in these designs were

often the same and all four seemed underdeveloped.
During the research of each of these devices, new issues, ideas and viewpoints came to light. These all encouraged the critical thinking and problem solving that went into the design of MiDIfier.
Ultimately, the research into these areas provided understanding of the market, a comparative ground and insight into what MIDIfier should do better.

Page 14 of 40



ldeas Generation & Explora

Existing Idea

KEY FEATURES - MIDIFIER

= Universally Compatible
= No Specialty App Required
= MIDI Compliant (To current MIDI standards)

COMPARABLE FEATURES - CURRENT PRODUCTS

Commonly Compatible
MIDI Compliant

= Full control of MIDI outputs
= User controlled response curves
- Customisable deadbands

None Known

- Daisy-Chain design & expansion
- Extremely flexible hardware customisation
- Dual Latching Pins

Limited Daisy-Chain Expansion
Latching Pins

- Large Touchscreen for user customisation
= Smooth Ul for easy navigation
- Dedicated Graphics Processor for speed

No inbuilt Ul, proprietary application required

- Customisable theming of LEDs
- LED Colour Response from inputs
- FFT Equaliser Display feature

Custom theming of LEDs through proprietary
application
Limited LED colour response

- Full Components range for all purposes
- New components can be easily added
- Non manufacturer parts accepted

Limited components available
Swappable components

- Hot swapping (Live swapping parts)
- Unlimited Saved Setups
- Re-Setup Assistant

Unlimited Saved Setups through Proprietary
application

- Bare Metal + Custom Operating System
- User controlled refresh rate
= Highly efficient, 100ma 5v CPU (0.5 watts)

Relies on Host CPU
Modestly efficient, USB powered

= SD card saves, swappable to backup
= Error checking UART + i2c communications
- MIDI + Serial + HID + USB Audio capable

Host Save
Host Backups
Proprietary Communications + emulated MIDI

MIDIfier’s Degrees of Difference

The MIDIfier will have a variety of differences that separates it from the competition. These have
been outlined in the table to the left in comparison to the best features of existing market
solutions. By far, the most important aspect is the fundamental level of how MIDIfier is designed
to work. It has its own microprocessor, touchscreen display and user interface all in one. This
means measuring, customisation and calculation is done onboard and does not require a host
device to do any processing. All the other controllers seen thus far require a specialty program
to be installed onto every device intended for use. By making MIDIfier with its own processor, it
becomes both far more robust and simultaneously universal to any device that is capable of
receiving MIDI messages.

As well as this, the physical design of MIDIfier is far more simple than competitors such as
Special Waves. This means it is very simple to incorporate any button, sensor or module into the
ecosystem and make it compatible with MIDIfier. One of the biggest limiting factors with Special
Waves is the lack of support for many common sensors, meaning it simply isn’t a suitable
replacement for standalone MIDI controllers.

Finally, MIDIfier is built on the principle of a data “bus” and “daisy chaining”. These two
communication concepts are well known and are implemented as .

the core communications used in MiDIfier. This is what allows SpCCIﬂ' Wwaves
panels to be “tacked onto” and removed at the user’s will. As

well as swappable modules, the whole size of the setup can be
changed however is needed or preferred.

MIDlIfier

The degree of difference analysis on this page was done to explore in depth how MIDlIfier is different from its closest competitor - the Special Waves X controller. This controller was born from similar
ideas as the MIDIfier, however the biggest source for difference is a lack of development. As seen in the comparison, the Special Waves X is underpowered and lacks many key features of which the

MiIDlIfier will be designed to have.

Having this depth of research is a massive advantage later on in the project. This is because not only does it give a list of features to ensure make the final design, but it also gives a clear list of

features that can be harnessed during marketing of a final product.
Overall, this analysis has not been very useful within the scope of this major works, however overall to the project on its journey to becoming potentially commercial it is one of the most vital analysis
steps.
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Sketching and the Assembly Flowchart

In order to break down this project into manageable sections, a flowchart was created to show
how segments will be interconnected (A). The physical product as a whole is referred to as the
“controller”, similar to how a gaming controller or tv remote controller is referred to. This
comprised of a carry case (still in concept phase, never prototyped) and panels. These Panels (C)
are the basis of the MIDIfier, and a maximum of 16 panels can be linked together to form a
completed controller. Each panel is an assembly consisting of a base board which has slots to
hold a maximum of 44 modules. These boards contain all the required circuitry to communicate
with the Head Unit (E) which is where the Central Processing Unit is. A module is the
combination of a sensor in a housing that can be plugged and unplugged from any available
position on a board. These can have any type of analog or digital sensor, including (but not
limited to) buttons, potentiometers (linear or rotational). Modules have releasable pins (B) which
are rounded allowing for easy removal by pulling or rotating. These pins have small magnets on
the bottom which hold them in their corresponding slots on boards when put into place.

This modular design allows the MIDIfier to successfully achieve the project brief in concept
form. By breaking it further down into smaller segments, this structure (A) can be carried
through onto the further sketching stages in 3D as well as CAD design and assembly stages.

Further Sketching

Throughout previous years of Design and Technology, many hours have been spent understanding
how to best process ideas. It has become evident that digital sketching in CAD software is far
more effective than hand sketching for more advanced concepts as it allows prototyping in 3D
instantaneously. Sketching in CAD opens the ability to see both small and large details that will
or won’t work as the design is being made, allowing a sound result much faster. With this being
said, the most basic level of ideation is often easier and more intuitive to perform by hand, so
both methods are used at different times.

On page 18, the second stage of sketching is shown with digital CAD sketches and their
corresponding 3D concept models. These reflect the ideation sketches on this page with more
detail and better consideration of the connection each segment has to one another. This is
especially important to this design as there are so many pieces that must fit together

perfectly. Simply jumping straight into 3D CAD design from the ideation
sketching is not possible, so another more detailed level of CAD
sketching is required.
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PLUS MINUS INTERESTING

Vg - Aesthetically pleasing - Difficult to make stable electrical Hexagons are typically a great shape
- Allows multiple rotations of connections for modularity, however they can
Ufe? hi’_(agi’,lna' HEXAGON components - Modules are offset, not vertically in | present engineering challenges. In
\ b Ll - Extendable in all directions line with each other the case of this design, this adds
! CONTROLLER - Difficult to pick up and move unnecessary complexity and | shall
Hexagons are B‘l’):"a*:a" - Difficult to swap parts as they rely | not use this design to solve the
known for h y on each piece to stay together modular MIDI controller problem.
strength Shape
A ; él‘“) - Greater rigidity and structural - Less aesthetically pleasing A square / rectangular based system
(’ F . . . . . .
K—b ! : ) integrity = Requires both base and with a base panel is the simplest of
ik ‘ Va;nﬁgyc%fnt:::ot}gns - Structurally simpler design components the design ideas generated. It
Hexagons share available RECTANGLE |~ Electrical connections potentially |- Could become bulky effectively solves the problem and
terminals on " more stable and secure the structural & electrical simplicity
edgf‘stt’:‘atf"gw e . CONTROLLER | - Easy to pick up and move far outweighs the potential aesthetic
ea(éo?m:éte% ® s bA:ylglc?ezai‘:\ - Reduces unneeded complexities benefits of the hexagonal system. |
L/—/ﬂ | | any gﬁentation - Mor.e structured gpproach for will furthe-r devel.op this.design idea
=N or position easier configuration for my major design project.

Boards of any |

reasonable ! - .
size can be | ! . . SpeCIaI waves
A A\ D, Structure of MiIDlfier

To find the best overall structure of MIDIfier, | came up with two tessellating patterns. These were

Head Unit with hexagonal and rectangular prisms. | then sketched an idea for each, comparing the positives and

Screen_& negatives of each in the table above. Overall, having a rectangular based controller is the simplest

Electronics to design and implement as well as allowing for larger sizes in multiples of the original
dimensions which makes it the ideal shape for MIDIfier.

Modules clip The rectangular shape is similar to the Special Waves controller that already exists on the market.

The Special Waves controller uses both square and rectangular modules and this is a very strong
aspect of the design. There is no currently known issues with this layout and it seems to be the
most effective design which is another supporting reason to use this for MIDlIfier.

Modules are The Plus Minus Interesting (PMI) structure helps simultaneously compare advantages and drawbacks of two designs. By using this
interchangable structure to compare two potential ideas, it is much easier to choose which will progress to further testing. Also, by then comparing
and magnetically these designs to existing market solutions, we are able to better understand why those decisions may have been made with existing
attached products.

In this case, we were able to see the way the two designs would interact with pieces and why this may have been taken into
Base for Rigitity Pﬁ&g m%%geets account on existing solutions, all of which used the rectangular design. From there, the drawbacks of this more common design can
and connections be assessed, and if it still appears to be the superior solution, it will progress to further designs.
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Ideas Generation & Explorat

Existing Ideas

Parametric Sketching with CAD

The second stage is to sketch these ideas parametrically. This is done with
the help of computer aided design (CAD) software. This stage begins with a
rough copy of the hand sketch in 2D using basic CAD shapes (B). Then, the
connections and relationships between these shapes are defined with
different constraints. This is the most important step to do correctly, as this
is what allows changes to measurements to update the entire model
automatically. These dimensions are then added, leaving a dimensionally
accurate two dimensional sketch that represents the original idea.

Progressing to 3D

These 2D parametric sketches are the basis of the first stage of 3D modelling
(©). This stage is not manufacturing ready but more for completing the basic
design stages. This is because having a dimensionally accurate 3D model
often reveals where parts will intersect or otherwise not function as
intended. This is especially common with complex designs and is a useful
stage as it allows these fundamental errors to be detected and changed
before the final 3D model begins to be designed.

Visualisation with AR

The second benefit of creating 3D sketches such as these is the ability to
import them into augmented reality capable software such as Adobe Aero.
This software is still in beta development stages however is stable enough
to use for this project. Putting this model into AR allows insight into how it
will look when brought to life. It gives a semi realistic view on aesthetics
and often shows which aspects are more or less prominent than expected.
As seen in image (A), the MIDIfier 3D model is shown using augmented
reality next to an existing laptop. The QR code in the top right corner can be
scanned to view this model in any space using a standard smartphone.

This ideation phase was revisited multiple times throughout the design process as it is a key element of the design cycle. By breaking this phase into sketching, modelling and visualisation, often
errors can be caught before progressing to the prototyping phase. This has been highly effective during this major works which is why this process involving Augmented Reality prototyping is
highlighted. However, even with the use of these visual inspection techniques and scale accurate modelling, some changes were still needed after prototyping began. For example, after the
completion of the first design, testing from a professional in the field lead to a change in the base size of modules, which meant revisiting this section of the design cycle was necessary. The changes

to size were implemented in sketches and adjusted in the parametric 3D model. This model was then re-exported to an Augmented Reality compatible mesh file (FBX) which was imported into a new,
revised version of the augmented reality prototype. This prototype seemed to solve the issues highlighted by the user testing, which was then confirmed as the new 3D printed prototype was made
and tested.
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Consideration of [

DESIGN FACTOR

CRITICAL ANALYSIS

This product must function to a very
high standard as to be a suitable

RELEVANCE TO MDP

The interlock mechanism allows the
user to swap pieces which is the basis

PROPOSED EXPERIMENT

Magnets & Connectors test (Page 22)
Test the use of magnets to successfully

APPLICATION TO PROJECT

This experiment proved successful
and was used as the basis of the

FUNCTION replacement for existing technologies. | of a modular design. This is the core interlock and remove modular parts. design. This aspect of functionality
It must be effective in it’s base solution to the design situation and This will allow a magnetic rather than | can be seen on Pages 17 & 32
technology - the interlock mechanism | problem being solved by this project latch based system
This product must be aesthetically For a product to be successful in this Lighting Experiments (Page 23) This experiment revealed that
pleasing as well as functional. High market, it requires good aesthetics. In | Testing different materials and roughened clear acrylic is the most
AESTHETICS quality aesthetics will influence the this design, aesthetics have been diffusion techniques to find the best aesthetically pleasing. This lead to
user to proudly use this product in any | designed into the functionality, combination for indicator LEDs white filament being used in 3D
setting, commercial or personal especially in the customisable LEDs underneath buttons prints to match seen on Pages 23 & 25
This product relies on the ergonomics | The machining techniques used to Machining Experiments (Page 23) This experiment revealed which
design factor to achieve it’s purpose - | make the modules should leave Experiment with 3D Printing, Laser machining techniques are best suited
ERGONOMICS if it feels worse than single purpose smoothed or even surfaces - they Cutting & CNC milling to find the pros | to each part, however it is evident
alternatives, it simply will not be used | should not be warped or have burrs or | and cons of each commercial solutions may be better.
as an “all in one” solution sharp edges Machining can be seen Pages 29 & 32
This product must be very high quality | Especially when taking into Designing in 3D to a high quality This experiment allowed me to find
in order to successfully achieve its consideration the modularity requires | requires suitable software to assist. A | the most suitable programs and
QUALITY purpose. To be modular and useful for | swapping and changing of variety of 3D CAD programs will be allowed a relatively issue free 3D
a variety of purposes, it must be very | components, high quality is essential | tested to choose the most effective for | design process as seen on Pages 18 &
durable and well designed to prevent breaking and failures designing this product with 28
This product must be designed in a This product will be designed in a way | To design this modular & upgradable This experiment allowed me to find
way that it does not easily become that is not only modular but also product, special consideration to circuit| the most affordable and suitable
OBSOLESCENCE obsolete. This is due to its solution upgradable and repairable. This makes | design is required. Testing to find the | program to design my circuits and

being useful for many areas. It would
be useless if it became obsolete

the product able to grow and change
alongside emerging technologies

best circuit and PCB design software is
essential

PCBs in. This is seen on Pages 21 & 30

EXISTING SOLUTIONS

This product must take large
consideration of existing designs as it
must be both capable of doing the
same while being modular and
improved from the original products

The design of my product considers the
variety of components available on
existing controllers and allows an
interface in which new components
can be added and made compatible

Magnets & Interference (Page 22)

In order to accomodate new
components, the design must not gain
interference as this will compromise
it’s ability to match existing products

This experiment showed that
electrical noise is low in this scenario
and this product should perform
effectively with changing
components, seen on Page 30

The intent of this table is to thoroughly assess design factors and find their correlation to this major design project. By finding this correlation through the “critical analysis” and “relevance to MDP”
columns, an experiment could be proposed to further understand the mechanisms that would be used to achieve a desirable result in each area. After completing the experiments, in most cases |
found that more related experiments needed to be completed in order to thoroughly understand what solution would be best. This highlights a weakness in the table structure, in that it can be hard
to draw clear connections between further research or alternative ideas. It became evident that this section should have been a more creatively focused cognitive organiser such as a mind map or a

flow chart which could be easily extended as the project progressed, therefore allowing more clear links to be identified, making it easier to draw conclusions from this information.
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Research, Interviews, Expenme

And Testlng

SUPPLIER GENERAL FABRICATION COMPONENTS FEASIBILITY
Australia - Rigid PCB Small Library = Fair Time
RU SHPCB | - Turnkey Fab - Flexible PCB Available - Very High
ViR RIGID FLEX 8 FLEX PGB AOI + X-Ray - SMD + THT Expensive Relative Price
Flying Probe prices
Australia - Rigid PCB Small Library - Long Time
A A0l - SMD + THT Available - High Relative
g\)urPCJS Flying Probe Expensive Price
prices
China - Rigid PCB Medium Library | - Medium Time
e — Turnkey Fab - Flexible PCB Available - Low Relative
o AOI + X-Ray = SMD + THT Fair prices Price
Flying Probe = PIP + Wave
China - Rigid PCB Large Library - Short Time
Jele JLCPCB Turnkey Fab -~ Flexible PCB Available - Low Relative
el AOI + X-Ray = SMD + THT Good prices Price
Flying Probe = PIP + Wave
China - Rigid PCB Medium Library | = Short Time
_ NextizZug_ Turnkey Fab - Flexible PCB Availablg - Medigm -
T e Mkyer e s — AOI + X-Ray = SMD + THT Good prices Relative Price
Flying Probe - PIP + Wave

PCB Supplier Comparison

PCB stands for Printed Circuit Board and these are very common in electronics. They are useful for
complicated circuits and when incorporating integrated circuits (ICs - a smaller chip) into a larger
circuit. For the MIDIfier, the required circuits will likely be very complicated to allow high speed
communications with numerous analog and digital components. A custom PCB will be required for
both low level prototyping and a final product.

PCB Manufacturing is very complex and the equipment is very expensive and hard to use. After
extensive research into this, it became evident that PCB manufacturing in Australia tends to be
less common and more expensive than other places such as China. Of the many companies
researched, all the Australian companies had minimum quantities far higher than suitable for
prototyping, such as 100pcs minimum. This means for a prototype, when modifications need to be
made, 100 boards may be wasted instead of just 5 as most of the Chinese companies offer. These
minimum quantity requirements are both expensive and completely unviable for the project,
ruling out RushPCB and OurPCB.

Of the remaining three services investigated, JLCPCB had the largest library of available
components with most of the chips needed, while PCBway and NextPCB had low stock available.
This was the biggest factor in choosing a manufacturer as hand soldering is not viable for the
high amounts of soldering connections needed for moderately complex circuit designs.

PCB Ordering

After designing the PCBs (Page 29), the files were exported and uploaded to JLCPCB (A). Research
into the correct options was done (B) and Surface Mount Device assembly was requested. Not all
of the required parts were available and a request needed to be placed to source the missing
parts (C). As only a small amount of boards were required, the request could take up to 6 months
to be completed. After a month and many times contacting the company, it became evident that it
could not be completed within the time frame this major works was required to be completed.
PCBway and NextPCB have restrictions on minimum order quantity for custom sourced parts. This

meant a custom PCB within the timeframe and budget of this major work was not possible.
OPSCO Optoelectronics 2022-03-15 21:39

C2909059

Rejected Currently Unavaila...

OPSCO Optoelectronics SK9822-EC20 SMD,2x2x0.65... OPSCO Optoelectronics
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Research, Interviey

And

OPEN SOURCE AND/OR FREE GOOD

AVERAGE / LIMITED

KEY BASIC FREE + PAID EXTRAS

PAID PURCHASE / SUSUBSCRIPTION | BAD / NON EXISTENT

Software Experimentation (3D & PCB CAD Packages) RESULTS: PCB T00LS  SPEED  ADDONS  TPARTS  SUPPORT
Aim: To determine the most effective 3D CAD package for complicated 3D modelling LAYERS LIBRARY DOCS
Method: Examine different programs’ capabilities and test by importing a 500k polygon model EAGLE CAD
Conclusion: While Fusion 360 has been a ‘go to’ option previously, it struggles with complex
models and can become highly unreliable. The workflow is forced to become convoluted and it KICAD
does not work well with other programs. FreeCAD however, is open source, has all the necessary ERITZING
features and performs much better with higher degrees of customisation. However, as Fusion is
used for many of the available tools, it may be used for tool-pathing in later design stages. EASYEDA
RESULTS: PARA- USER 500K+ REFEREN-  WORK- TOOLS? SUPPORT UPVERTER
METRIC? FRIENDLY? POLYGON CE PARTS? FLOW? MANUALS
EXPRESSPCB
FLElCh ety CIRCUITMAKER
BLENDER , OSMOND
FREECAD

CAD BUILDER

BRL-CAD

OPENSCAD /
OPENJSCAD

GCAD3D

A new era for

@0 CAD Builder

m— = D EasyEDA

KiCad EDA

A Cross Platform and

P Nl Siw o

An Easier and Powerful

Method: Research options & trial the programs that offer the required features

Conclusion: Many of the available options were either high cost or very lightweight, online and
limited in functionality. CircuitMaker is similar to Altium designer which was excluded due to
commercial range costs, however Eagle CAD is not far behind. However, CircuitMaker is very
limited in functionality, as is expressPCB, Fritzing and Osmond. EasyEDA was a viable
option, however it offers essentially the same as KiCAD which is a fully free and
open source project with a large community, many commercial users and
well developed features and documentation. It also allows for any
plug-ins, built in python scripting and does not have
limitations on usage (or claim copyright over) produced
PCBs such as EAGLE CAD does. For this reason, | will
continue to learn circuit design using KiCAD.
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Research, Interviews, Experim

And Testing

Mechanical Experimentation (Magnets & Connectors)
Aim: Determine if a stronger magnet can easily override weaker magnetic connection
Method: Place magnet on sheet steel, hover stronger magnet 5mm above and observe transition

Conclusion: A stronger magnet will easily remove the weaker connection due to the exponentially
increasing strength of magnets with proximity (C). Required magnet strength can be calculated
with this website: https://www.kjmagnetics.com/calculator.asp, making this a viable solution for
use in my designs.

Electrical Experimentation (Sensors & Interference)
Aim: To test the noise generated by the length of analog wires and proximity to digital signals (A)
Method: Attach varying lengths of wires to the microcontroller and analog sensor. Test three
times each and repeat bringing active digital signal into closer proximity with the controller.
Record noise levels & peak spike values

Results: The noise observed by increasing lengths of wire was proportional but fairly insignificant

(B). The proximity of digital signals did not have much effect, so this will not need to be
accounted for in the PCB design

Conclusion: In the PCB Design, routing to the analog sensors will be prioritised, however reducing
proximity to digital signals will not be considered as a priority. Code will also be developed to
take multiple readings and average them so that any small amounts of noise will be filtered out.

ANALOG SIGNAL WIRE LENGTH

KEY
DIGITAL SIGNAL WIRE PROXIMITY
100MM 200MM 300MM 400MM
oMM | 2 2 3 2 3 5 5 4 4 5 5 5 6 5
20MM 1 2 3 3 3 4 5 4 5 6 4 5 5 5
10MM 2 1 3 2 4 5 5 5 5 5 4 6 5 4
OMM 2 2 3 3 4 5 5 5 4 6 5 5 6 6
EE oo MM 20mm 10mm Omm
Omm
6
4.5
3
400mm 100mm &%
300mm 200mm

The research, interviews, experimentation and testing completed in this section has been essential to the project. The research into PCB suppliers and ordering of custom circuit boards was completed
fairly early on and had a large impact on the project as it posed many problems. By learning early on that custom PCB fabrication was a timely and expensive process, the project had to be reduced to
various working prototypes of individual aspects rather than a consolidated final product. Due to the sheer complexity of the electronics involved in this design, using custom printed circuit boards

was unavoidable and thus this obstacle caused a reorient of the project.

The software experimentation resulted in having the right tools for the project which proved to be highly valuable especially as designs became increasingly complex. The mechanical, electrical,
tooling, lighting and reliability experiments all played fundamental roles in giving insight into the specific areas of the project in which they were related to. The target market testing resulted in
useful feedback and redesigning the basic module to be a more suitable size. This fundamentally influenced the design for the better.
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Research, Interviews, Experwnenta-

And Teshng

Tooling Experiments (Fabrication Techniques)

Aim: Determine the best tool to create prototype component frames with

Method: Create a prototype using the laser cutter, 3D printer and CNC machine

Conclusion: Each technique had positives and negatives, however 3D printing was the simplest
and most effective. CNC cutting was marginally more accurate however small enough milling bits
are not available to cut the holes for the magnets (D). Laser cutting is limited to 2D, however can
be done in 3D with advanced engraving techniques. This, however, resulted in bowing of the
material due to the heat produced (A) and took approximately five times longer to complete than
3D printing. This resulted in 3D printing for the frames (C) and laser cutting for top 2D pieces.

Lighting Experiments

Aim: Determine the most visually appealing material for the top face of components to allow RGB
LEDs to shine through

Method: Place an RGB LED under a variety of materials including engraved acrylic and make a
personal judgement on the most aesthetically appealing (B)

Conclusion: While white acrylic looked fairly appealing, it blocks a fair percentage of the light
meaning it will make the product fairly inefficient through wasting most of the light produced.
Clear acrylic showed a distinct glare from the LEDs, causing a distraction to the user. Roughened
clear acrylic (laser engraved) produces a uniformly diffused light which is perfect for this product.

Target Market Testing

Aim: Determine if this product is applicable and practical for a user from the target market
Method: Provide a sample of interlock mechanism (E) to a DJ and request their opinion on the
feel, usability and sizing of modules and panels

Conclusion: A DJ in the local area gave the feedback that the modules should be slightly bigger.
This lead to further prototyping with modules that are based on multiples of 33mm rather than
the originally prototyped 25mm modules (C)

Parts Reliability Testing

Aim: Determine if the parts purchased are suitably reliable for this use case

Method: Create an automated button clicker rig (F) to press a sample of the buttons 100,000
times and ensure they still function reliably

Conclusion: After over 100,000 button presses (2 presses per second, 100000/2/3600 = 14hrs) the
sample of buttons tested still functioned as new. This confirmed that this particular part would be

suitable for use in the final product. Similar tests were done for other parts that were used in
MIDIfier.
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Structure of Code & Functions

The structure of a program is possibly the most important foundational element. After extensive thought into the structure required, an extensive set
of flowcharts was created to organise the program structure. (A) This allowed tasks to be clearly broken down and to function cooperatively.

System Monitoring

A system monitoring function was implemented to keep track of power, ram, cpu and other usage parameters in order to satisfy USB power limits.

Timing & Execution of Functions

Timing was a fundamental challenge in this code. Many methods were tested in order to find the most suitable, with the result being a cooperative
multitasking system where tasks can take turns utilising resources. This allows task deadlines to be met as well as avoiding the use of interrupts. Many
modern computers use real time or general purpose operating systems with interrupt based time sharing, however this is too complex for this purpose.

Settings & SD Card Interface

Many settings are required for this project and saving these settings between power cycles was difficult. This is because the microcontroller has limited
non volatile memory (memory that remains between power cycles). The solution was to use an SD card which required a large amount more code.

Multiplexor Reading & Writing

Reading and writing to the multiplexors that are connected to the different components was fairly straightforward. The use of multi-dimensional arrays
and matrices along with nested “FOR” loops allowed this to be completed efficiently. These advanced techniques are highly effective once perfected.

LED Control & Response

Control of the individually addressable LEDs was achieved using the FastLED library alongside similar multi-dimensional arrays and FOR loops as above.

MIDI & Communications
To interface the Teensy controller with a computer, a multi protocol system was set up where both MIDI & Audio data could be sent simultaneously. (B)

Other Functions

Many other functions were created and tested to allow expansion with other controllers, DMX lighting and staging, CAN bus communications, 12C
modules and much more. These were not essential to the design but very helpful to experiment with and will be great for expansion in later stages.

A Setup
Pin Modes \irite EEPROM I /A Start Power Monilary — —»{Reac/Ciear Buller
e T e 14 ¥ % 4
[ Pin Status ] /ﬂ " [ _SwnFaslED > [ LcoData
| Initialise variadies with EEPHOMJ / A | stant Screen Serial> | [ResciCiear Butter
L5 e——— / ¥
Pa [ startusamiD > [ minipata
[ et System varisbles 10 EEPROM A T ¥
| VAR b [ st UEB Sound > ]Raa/.‘.’(‘)evar Buffer
| setavo > | omxpata
[ Arm Intorrupts ] W
|7444§;;;E;Q?£;;;444] [ stromx > [RoaciCiear Bultor
—T [ sancanBus > [ cAnDam
7 v
[ Starl TeensyLink > lReac.'C'ear Buffer
TeensyLink
® _Main_04b - d3_MIDL.ino | Arduino 1.8.19

void MIDI_begin O {

}

void MIDI_update (O {
if (updateMIDIclk.check()) {
startFunc(Q);
MIDI_send ();
MIDI_read ();
endFunc(CPU_MIDI);
}
}

void MIDI_read O {

H

void MIDI_send (O [
//Serial.println("Sending MIDI");
for (int 1 = @; 1 < NUMBER_PANELS; i++) {
for (int j = @; j < NUMBER_COMPONENTS; j++) {
//switch ( cp_type[currLayout - 1J[i][3] D {
if (cp_currValue[i][j] !'= cp_currValue_prev[i][j]) {
// Do midi send
//usbMIDI.sendNoteOn(60, 99, channel); // 60 = C4
//usbMIDI.sendControlChange(22, cp_currValue[i][3j], 1);
if Ccp_currValue[i][j] == MIDI_DIGITAL_HIGH) {
usbMIDI.sendNoteOn(60, 99, 1);
} else {
usbMIDI.sendNoteOff(60, 99, 1);
}
cp_currValue_prev[i][j] = cp_currValue[i][]j];

A very large amount of coding was needed for this project as it solely uses software to interpret user arrangement and take necessary action. However, by having this working code, the concept can
be tested and proven without the need for fully developed hardware. With the difficulties of custom PCB fabrication for small scale projects, being able to create functional code has been essential as
it has allowed me to make working prototypes of various elements of the project even without completed hardware prototypes.

Also, the way this code is able to operate modularly on its own means that once hardware is developed, this code will require minimal changes in order to operate properly. Parameters such as saved

settings can easily be changed on the SD card and will work instantly. Modules can be easily added to the multitasking environment that would make any required changes simple to implement and
work smoothly alongside all the other functions. On top of this, the code has been divided into seperate tabs that allows for a developer to easily skip to the section that needs changes and make the
required modifications. This has been a massive time saver as the project has progressed from this testing phase to more finalised versions.
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v USB 3.1 Bus

Device Safety i

The MIDIfier must be safe to operate, even in the case of a fault, failure, damage or misuse. For UsBegus

this reason, the two operating voltages used are 3.3v and 5v (D). Five volts is what USB devices _

operate with and has been proven to be harmless in almost all cases even when a catastrophic ,:.d,::. i
failure occurs. To quantify the associated risk, the conductivity of my index finger was used for 2‘7.;1., ?:Eo;o
calculating the electrical current that would flow through my skin if 5v was applied directly to the ;"E‘:‘?‘i’ﬁ‘.‘g“" f:g"f:’:i,::'a
surface. The measured resistance was around 3.117 mega-ohms (C). Using Ohms Law, Voltage = g“,""":é""'"f""’ci"mﬁ)’m(m]. i3

Current * Resistance. Solving for Current, 5.14v / 3117000Q = 0.000001649A or 1.649 micro amps.
Even in a high voltage setup such as a Van De Graaf generator, more than 50 micro amps are
required before any human sensation is felt.

This experiment is incomplete as it does not account for the distance between probes, moisture
of the skin or many other factors. However, it does show that the electrical risk is far below what
can be felt even in a catastrophic failure such as a short circuit, and it is even farther below any
levels that are harmful to humans. For this reason, 5v will be the operating voltage and will be
safe for all users.

PPE During Manufacturing

Many machines used in the manufacturing process required Personal Protective Equipment (G)
due to inherit hazards. For example, the Computer Numerically Controlled Router requires
Earmuffs and Eye Protection to be worn. | measured this machine to have an average sound level
of 92db when cutting which can be damaging if heard for more than half an hour a day or more
than 4 hours over a week. These measurements confirm the need for hearing protection such as
ear-muffs or ear-plugs. Eye protection is essential as the machine cuts by using a high speed
router bit. As well as the risk of loose parts becoming projectiles, the material being cut will form
shards that can be sent flying in all directions during the operation. For safety, the operator must
always be carefully monitoring the job, however eye protection is absolutely necessary.

End User Testing

After initial prototypes were completed, a local DJ was invited to test two aspects of functionality.
This was the part swapping mechanism (E) and the electronic hot-swap configuration (F). This
testing left me with useful feedback that will be explored further in this folio.

Device Compliance with Existing Standards

The Universal Serial Bus (USB) protocol allows for devices to consume a certain specified amount
of power, as well as negotiate for more power allowance if needed. By implementing a current
sensing module (B), MIDIfier is able to dynamically adjust settings to reduce power usage. That
can include things such as LED brightness and CPU speed. As seen in (A), even when operating at
maximum load, the Teensy chip running MIDIfier adheres to the 500ma limit and only requires
100ma to operate.
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Application of Conclusions

EXPERIMENT APPLICATION

PCB SUPPLIER COMPARISON

Revealed the most suitable supplier

Had an effect on (Page 29) where the PCBs were designed.
Tolerances and other manufacturer specific requirements
were adhered to during the design of the circuits.

SOFTWARE
EXPERIMENTATION - 3D CAD

Revealed the limitations and advantages of various CAD
packages

Can be seen on (Pages 18, 27, 28 & 31) where parts were
sketched, designed, rendered and machined using the chosen
CAD packages

SOFTWARE
EXPERIMENTATION - PCB CAD

Revealed the limitations and advantages of various Circuit
Design and PCB CAD packages

Can be seen on (Pages 29 & 31) where circuits and PCBs were
created and prototyped. Having 3D viewing helped greatly and
this functionality would not have otherwise been available

(E) - MECHANICAL
EXPERIMENTATION
(MAGNETS & CONNECTORS)

Confirmed design ideas to be an effective solution

This takes effect all throughout this project. Wherever 2D or
3D CAD has been used, the design of the interlock connectors
has been based on the results of this experiment

(B) - ELECTRICAL
EXPERIMENTATION
(MAGNETS & INTERFERENCE)

Showed a measurable and predictable interference level that
can be safely ignored now that it is quantified

Has taken effect by heavily influencing the PCB routing on
(Page 29, fig D) as it allowed close proximity digital and
analog wires without worrying about interference

(C) - TOOLING EXPERIMENTS
(FABRICATION TECHNIQUES)

Allowed effective selection of appropriate tooling techniques
for each part

Can be seen on (Pages 28 & 31) where various tooling
techniques have been used for different parts

(D) - LIGHTING EXPERIMENTS

Allowed for a value judgement to be made regarding
aesthetics and choosing the best material

Can be seen throughout the design as this experiment
impacted the materials and tooling techniques used

(A) - TAGET MARKET TESTING

Gave insight into the direction of the project

This is a core element of this project as it lead to underlying
features such as sizing being changed to better suit the user.
This has a roll on effect to the entire project

Experimentation & Application

A very large range of experiments were
undertaken for this project. The reason for such a
large number of experiments is due to the
overall complexity of the project. Each element
needed to be tested thoroughly. The areas in
which the software related experiments were
applied aren’t shown visually as they were simply
the underlying foundation for the project.
Having the right tools is essential and these
software experiments helped find these tools.
Overall, the experiments were very effective in
guiding the project in the correct direction and
without these experiments, research, testing and
interviews this project wouldn’t successfully
head the right way.

o e ————————————

Manufacturing:
4 3D Printing

__ Laser Etched
Acrylic for
Aesthetics

Magnet Hole
only, no clip
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And Resources

» D 0 » A () b » A
- ekl - Design & Tech Teacher & Safety Advisor Ferkekkkirr helped greatly with maintaining workplace safety | The feedback and
= Fkkkrkkkkkrx - DJ & Civil Engineer and sourcing materials. The three DJs helped with feedback, | revisions are seen in
= Fkkkrkkkkeek - D) & Audio Engineer testing and improvements after each revision. ***xx¥¥kixk sections 2.4 - 2.6. The s
PEOPLE = kkkkkkkkkrk - DJ & Backend Developer and *****xxkkixk gaye advice on colour schemes, presentation,| colour schemes are seen > R — S,
= Fkkkrkkkkkrk - Creative Writer & Grammar Expert grammatical corrections and clarity of the folio and display. | throughout the entire ‘ 7
= Fkkerkkkkerk - Interior designer & Colour Expert FRkkrkkkkkr gave extensive insight into further steps to project, presentation ,
- kkkkkkkkkrk - AXiom CEO and Entrepreneur complete and commercialise this project. and supporting video :
Teensy 4.2 Microcontroller, Arduino Micro, Arduino Uno The extensive use of electronics and IT in this project has 3D Models & Renders
MacBook Pro & Air Laptop, Workstation Desktop been fundamental. The many microcontrollers were used for | are seen throughout the ]
HARDWARE Bench-top Variable Power Supply & Multimeter experimentation and the numerous computers were vital in | folio and display. - ﬂ.‘
Soldering Iron, Laser Cutter, CNC Router, 3D Printer allowing me to create 3D models & renders of the project. Microcontrollers and , '
Knife, Screwdrivers, Wire Strippers, Other Hand Tools The hand tools and power tools allowed for rapid coding is seen in . .
iPhone, Printer, Guillotine, Scissors, Glue prototyping and quick testing and optimisation. sections 2.4 - 2.6 :
Karo Graph, Medibang Paint, Adobe Illustrator, Draw io A very broad range of software allowed this expansive The programs used are
Fusion 360, FreeCAD, KiCAD, Blender, Adobe XD project to take place as lots of time went into finding “the evident throughout this b o . e
Final Cut Pro, Handbrake, Logic Pro, Mixxx, Midi Monitor | right tool for the job”. Through various CAD packages to project in everything N %

SOFTWARE Pages, Numbers, Keynote, Vectornator, TextEdit many text and graphics editing programs, code editors, note | from assets to the =
Google Chrome, Preview, Kap, Notebook taking and management systems, this project was efficiently | quality of folio & video
Teensyduino, Atom, Platform 10, GitHub, Simulide completed due to these optimised programs. produced and displayed
PLA 3D Print Filament Various plastics were used due to their compatibility with The usage of these
3mm Clear Acrylic, 4.5mm Clear Polycarbonate different manufacturing techniques. The use of electronic materials is seen from

MATERIALS | Aluminium foil, Wires, Solder, General Electronics components was large as this formed a basis for the project | sections 2.3 - 2.6 as well
Microcontrollers, Sensor Modules, Breadboard, Perfboard | as well as the extensive use of microcontrollers. Various as in all the prototypes
Neodymium Magnets, Screws, Super Glue other items such as screws and magnets were used too. created and displayed
https://www.kjmagnetics.com/calculator.asp Over 75 websites were used and bookmarked for important | The research performed
https://github.com/joshnishikawa/MIDIcontroller information and research in relation to this project. The is evident throughout
https://en.wikipedia.org/wiki/MIDI_Show_Control sample shown here highlights the variety of sources from the project, especially in| -

WEBSITES https://github.com/ImpulseAdventure/GUIslice wikipedia to proprietary calculators as well as code section 1 where ideas
https://octopart.com/search?q=INA260 resources from Github. Vast research was done into each are explored and
https://github.com/mitxela/kicad-round-tracks section of this project as the complexity and ideation supporting information
https://www.pololu.com/product/3089 required lots of accurate information. was found

The identification of resources used has been shown in a table for simplicity and clarity. This section hasn’t been beneficial to the projects progress, however, it is an important process to identify
these resources. By categorising them and justifying where and why each was used, it is clear to viewers where much of the information and tools was from and may be helpful for others with similar
projects. This is especially the case with the software section, as lots of the software used was found only after thorough research, experimentation and testing. This folio isn’t the ideal location for

information on these sources, especially the website references as far more were used that could not be displayed. For future projects, | will look into ways to document and record supporting
resources and information for future reference.
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3D CAD - Planning

3D design forms a very large aspect of this project. Knowing this, care was taken into properly
planning and preparing before beginning CAD work. The initial controller breakdown (Page 15,
fig. 1) was revisited and expanded into a low level plan (B). This low level plan breaks each
component of the design into the structural processes which are needed to create it. For
example, a base sketch that is revolved to create a conical interlock pin. This low level plan also
details how components should be inter reliant on one another. This is because with such a
complex design, it should not be fully placed in a single file. Each component should be a
seperate file which is linked to any other required files. In doing this, a base feature can be
updated and the whole design will recorrect itself, rather than a small change requiring a
complete redo. This also allows the design to become more flexible if the required parts aren’t
available and a slightly different variant is required.

3D CAD - Organisation

After the low level plan was completed, a file structure was developed to allow for correct saving
and versioning (A). Each version can have a description if required, and if not it will have the date
and time the modifications were made. This is an essential organisational structure that will
prevent this project from ever being lost, corrupt or otherwise confusing.

3D CAD - Design

With a detailed plan and proper organisation established, 3D design could commence. This
consumed many hours and a large percentage of this project’s time budget due to the
complexity and considerations that had to be made. While the initial 3D models were being
made, not all the material testing had yet been completed. This meant that it was unknown
whether the final product would be laser cut, CNC routed or 3D printed. This was later decided
after the materials and tooling experiments (Pages 23 & 29), however before this, consideration
had to be taken with the possibility that CNC manufacturing may be required. This is due to the
fact that a CNC router with a standard flat end mill bit cannot produce sharp internal corners.
The smallest tool bit available for the router was 1/8” size, meaning no corner sharper than
around a 1/8” diameter circle could be made. The entire design was made with this in mind,
leading to the more fluid and curvy inner designs for modules.
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Materials

Many potentially suitable materials were evaluated based on their structural integrity,
aesthetics, function and compatibility with available tools and skills (A). The main structure of
this controller has very fine tolerances and small parts, so timber won’t be ideal. While timber
was considered for face panels and aesthetic elements of the design, bowing, staining and
variability are likely to be common issues. On top of this, there are extra complexities involved
with using a wider than necessary variety of materials making timber unsuitable for MIDIfier.
Steel and aluminium have exceptional structural qualities, however can be more difficult to
machine and require tools that are not currently available to me. It is possible to outsource some
of these jobs, however it is unnecessarily complicated for small added benefit. Cast acrylic comes
in a variety of colours and opacities. It can be laser cut easily and accurately however it shatters
if used with a CNC. Polycarbonate is the opposite of acrylic for machining. It cannot be laser cut,
but cuts flawlessly in the CNC. For these reasons, | will use acrylic for the sections that can be
laser cut. If any CNC milling is used, polycarbonate will be the best option for those parts.

Machining & Manufacturing

CNC machining (B) was the first method tested to manufacture the models. The tool pathing
required (D) was rather complex and very time consuming due to so many operations on curved
surfaces. There also is not a tool available for this machine that is small enough to cut the holes
for the magnets, seen missing in the part in image (C).

After these issues were discovered, it was back to the drawing board. The model was updated to
have thicker walls to allow for 3D printing, which had much finer accuracy (E). 3D printing these
parts was slightly less strong than the polycarbonate version, however this could be solved in a
commercial setting by injection moulding or other mass production methods so for a prototype,
3D printing is sufficient.

Finally, laser cutting was used to make the top panels of modules from the clear engraved acrylic
in the top right corner of image (A). This is simply as due to the lighting experiments (Page 23), it
is the most aesthetically pleasing material for the job and can be used in 2D parts.

Machining and manufacturing of the various prototypes, experiments and other elements of MIDIfier was an extensive process with many mistakes and revisions made. As often is the case with
advanced machining, many lessons were learnt through trial and error, especially with tool pathing for the Computer Numerically Controlled machines. For the CNC Router, the first mistake was not
“tabbing” the job, meaning that as the final cut was made, the piece moved and was damaged by the still spinning bit. On the next operation, small tabs were inserted into the design which held the
piece in place throughout the job. At the end, these were cut by hand with a utility knife to remove from the stock material. Many similar learning curves occurred in the processes of 3D printing and

Laser cutting, all of which overall developed my knowledge and understanding of these tools and fabrication techniques. In the next project, this section could be improved with more thorough
photography and videography to better show the manufacturing process, failures and changes.
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Electronics & Circuit Design

Circuit Design is a major element of MIDIfier. This is because of the inherent complexity with
making such a large scale system. In this design, each MIDIfier Head Unit can be connected to a
maximum of 16 panels, each of which can hold up to 44 modules. Each module slot has two
individually addressable LEDs, each of which can display approximately 16 million colours (2563).
This means there is a maximum of 704 analog signals and 1048 LEDs that need to be read and
written to. For an ideal analog refresh rate of 1ms for all components, this can mean components
need to be read in close to 1 microsecond each. The LEDs should be updated at 120Hz, requiring
(64*120) + (32*1048*120) bits per second, approximately 4Mbps or a clock speed of greater than
4Mhz. Overall however, this means a well designed circuit is required to support this, far more
than is achievable by hand. At these speeds, wire length and resistance play a large part and
thus should be made from copper tracks set to specific desirable widths and lengths. The top
level concept of how the laptop and core parts of the circuitry should be connected (C) were
sketched in Karo Graph, a simple drawing utility. The full detail designs were done in KiCad as it
is free, open source and allowed for schematic design (A), PCB design (D) and 3D previewing (B).

|

PCB DEVELOPMENT

The circuit for the panels is broken down into
two main sections - the attachment area and
the addressor. The addressor is the very top
bar seen at the top of fig (D). This part is
responsible for only allowing connections to
the Head Unit when the correct address is
selected. It works by having two selection
knobs the user sets to a unique channel
combination (ie, positions 2 & 5). This will
activate only a single channel from a 16
channel multiplexer. This multiplexer

_ will allow a signal through when
the three address pins are set to the corresponding pin the switches are set to. In
this way, each board will only receive and respond to signals on the channel its
switches are set, meaning all 16 panels can take turns talking on the 3 wire
bus without interfering. The attachment area is the rest of the board. It
contains exposed copper pads wherever a component slot is available, as well
as evenly spaced LEDs in a grid underneath all slots. The LEDs allows for
complete colour control of every component individually at very
high refresh rates. The copper pads facilitate a connection
between the panel and the interchangeable
components, each of which will have it’s own
smaller circuit board with the sensor
(button, knob etc) and pogo pins (E)
to connect to these copper pads.
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Code Editor

As this project progressed, it became evident that the default (D) Arduino Integrated Development
Environment (IDE) was not sufficient for the volume of code being produced. A switch to the
open source ATOM editor (A) with the PlatformlO plugin (B) allowed better handling and
management of large code bases as well as some time saving features such as pre-emptive

typing.

Usage of Libraries

Many libraries were used to interface with different sensors and components. Some of these
include InternalTemperature.h, RTClib.h, SdFat.h, FastLED.h to name a few (C). These assist with
temperature monitoring, real time tracking, SD card communications and LED operation
respectively. By using these community built and open source libraries, these operations could
be achieved efficiently with minimal extra code required.

Assembly of Modules & Compute Power

As the independently tested sections of code (E) for doing various things proved effective, the
time came to assemble these into the one functional program. In doing so, it became evident
that the cooperative multitasking system could be overloaded by a single task taking too long.
To solve this, a new system had to be invented that would use the CPU clock cycles to work out
how long each task took so an analysis could be later performed. This led to an extensive bug
tracking system being implemented later on.

Bug Tracking

As the complexity of the program increased, simple methods of bug tracking using “print”
statements started to fall short. Instead, a universal bug tracking system was created which
used macros to tell the compiler where to copy and paste de-bugging code when needed. This
saves lots of development time and allows debugging with greatly simplified commands.

Usage of Classes

A learning curve with this program was to utilise “classes” which are segments of code and
variables that can have many copies created and destroyed at will. Previously | had never used
classes so learning this was a challenge, however it greatly improved the code efficiency and
simplicity once implemented.

Final Status

After these various changes and improvements were implemented, the final status of the code
leaves a fully functional program that is ready to be implemented and adjusted to a variety of
custom hardware. It functions standalone for various tests and prototypes as needed and is
overall the most thoroughly completed component of the project.

(ﬁ Q —|— O M © _Main_03b - c_Classes.ino | Arduino 1.8.19

c_Classes

For help, please visit

class RepeatClk {

private:

uint32_t _repeatPeriod;
elapsedMillis _sinceExecute_millis;
elapsedMicros _sinceExecute_micros;
bool _catchUp;

bool _microsQuality;

for Guides and the API reference
m forum at
e This is where all GitHub-created Atom packages
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DB_RC2("\nRepeatCLK object Created");

}

// Effectively resets and begins timers
void begin() {

_sinceExecute_millis = 0;
_sinceExecute_micros = 0;

DB_RC2("\nRepeatCLK has Begun");
}

// Resets the current status of timing to current time
void reset() {
_sinceExecute_millis = 0;
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PLANNING, COMMUNICATION & AHours g = 8 =
15 Ideation W= s le e
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THIS INCLUDES ALL DESIGNS UP TO 80 3D CAD - e
MANUFACTURING POINT AS WELL AS 45 PCB = :’ .
17 Ul / UX «
EXPERIMENTATION WITH TOOLS, 22 Testing PpR—) .- |
MATERIALS AND TECHNIQUES - N oINS

TOOL PATHING, FABRICATION & ASSEMBLY:

7 Tool Paths | -

THIS INCLUDES CREATING TOOL PATHS, 6 Setup

SETTING UP MACHINES, PURCHASING | 9 Materials

MATERIALS, CONVERTING DESIGNS & | 12 Tweaks

MAKING TWEAKS AND ADJUSTMENTS 5,

PROGRAMMING, TESTING & ANALYSIS: % B e e e
THIS INCLUDES PROGRAMMING, TESTING | 12y /ux 5 “Fooes™ 52 - = Z
FEASIBILITY AND IDEAS, TESTING CODE, Ul | 27 Testing | B a cissostiitonsino == 3

& UX, ANALYSIS AGAINST ORIGINAL INTENT [ 18 Mods | Zermrere .
AND EXPLORATION OF REQUIRED CHANGES B e e s -
PRESENTATION & DEMONSTRATION: % “““
THIS INCLUDES SETTING UP DISPLAY 13 Video =
PRESENTATION, DEMONSTRATING AND 8 Display

CREATION OF SUPPORTING CONTENT
(VIDEOS & ANIMATIONS)

e
-

This section of the folio has been extremely interesting as it neatly summarises the work of the entire project. This is possibly the most elegant and useful table in the project, clearly and visually
showing both the numerical information as well as reference images that clearly identify the tasks completed. In a future project, it would be great to include a graph comparing time spent on each

aspect so that viewers can visually understand the information.
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APPLICATION IN PROJECT ORIGNAL MODIFICATION
TECHNIQUE

The programming for MIDIfier was very complex and required thorough testing to ensure it was up to the highest quality. To do this,

QUALITY parameters were incrementally increased to stress the scheduler to its limits. In doing this, it became evident that the scheduler | D l L ..
CONTROL was not able to correctly prioritise and manage tasks when a single task had a long waiting period, as it was able to hold up the [ rvead 2 | Sk T |

entire program. To fix this, the scheduler was re-written to dynamically track task execution time and halt it if necessary.

Many potential risks have been assessed and mitigated throughout this project. This includes correct operating procedures for all
machinery used (Laser cutter, CNC Router, 3D Printer) as well as supervision from a trained professional. Material Data Safety
Sheets were also taken into consideration so that laser cutting was limited to certain materials to prevent toxic by-products being
produced. Similarly, certain materials like acrylic could not be cut using the CNC router as it tends to shatter and cause sharp
SAFETY ISSUES, | shards to be produced rather than cut smoothly with harmless pieces being cut off. All laser cutters were fitted with closed cutting
SOP, MDS & PPE chambers and extractors which were used during every cut. The 3D printers used have an enclosure to prevent accidental bumps
and burns however do not have extractors, so they were used in an open place with plenty of airflow. Even with the correct EYE
Standard Operating Procedures, inherent risks with machinery are always present and the appropriate PPE was used at all times. PROTECTION
This included protective eyewear and ear protection when operating the CNC Router. Safety for the final user has been considered REQUIRED
in many aspects such as low operating voltage and short circuit protection.

Two main legislative concerns were considered during this project. For all electrical appliances in Australia, complying with
Regulatory Compliance Mark and Mandatory Approval Certificates is required before selling to an end user. The research was
LEGISLATIVE completed in order to know what would be required for a final product, however as MIDIfier is only in the prototype stage, no action
was required so far. Another consideration was the Intellectual Property rights for the development environment (Arduino IDE) and
ISSUES the bootloader of the microcontroller. All of the systems used are licensed with different open source licences, commonly GNU v2 or
MIT. This can have implications requiring the source code for MIDIfier to also be open source, however provided the licence
agreements are met selling this product should be legal. When a final product is achieved, a professional will be consulted.

Many modifications have been made during this project, however the most fundamental change has been the decision to revise the
size of the modules. By changing the base size, all modules and mechanical parts were affected and needed to be redesigned to

Updated to
suit the new sizing. As big of a change as this was, it became apparent how important it would be after the spacing of controls on a ol (e Larger Size

MODIFICATIONS | standard DJ controller was assessed. This idea to change the size of the modules was instigated from the testing performed with > ff-'\ after DJ
professionals in the field. The feedback of the interlocking mechanism was that the modules were “too small and finicky” and " Feedback

would be “better if they were larger with stronger magnets and a more secure hold, even if modules were not as compact”.
Ultimately, this design modification has proven to be an essential step forward into producing a more ergonomic solution.

The final production of MiDIfier was fairly limited due to a few reasons discussed further in section 3, however, the production techniques used in manufacturing of the prototypes has been an
extensive undertaking. This section has been effective in demonstrating the extensive attention to safety that has been evident throughout all manufacturing of the project. It has also given an
opportunity to display the research that was completed around legislative issues and considerations, initially which were researched out of curiosity rather than necessity as this product is far from
consumer ready. This section was fairly brief in that | was not able to fully explain all the modifications made, especially relating to the programming. Many of the programming issues are specific to

developers and generally are hard to explain to general audiences without extensive explanations of the mechanisms in place behind the workings of the code. For this reason, | found this section
frustrating to complete as there is much more | wish to include but do not have the space to.
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Use of Communicati

Presentation

COMMUNICATION TECHNIQUES

USE OF TEXTS, COLOURS AND FONTS

APPLICATION

A specific style was chosen that included a
matching range of fonts, colours and shapes

KEY

HIGHLY SUCCESSFUL

SUCCESSFUL

SATISFACTORY

JUSTIFICATION

Maintaining a specific style is aesthetically
pleasing as well as neat and presentable

EVALUATION

The theme was coherent and personally | am
extremely satisfied with it overall

POSTERS & CONCEPT BOARDS

Concept Boards were used especially during
ideation phase as an effective cognitive organiser

Concept boards allow the exploration of ideas as
well as being effective to communicate to others

These were very effective and if given more time
| would make more for each stage of the project

A survey was used to gauge user opinion and

This survey was essential in gauging the quality

This survey was fairly insightful and it would

SURVEYS understanding towards modularisation of the original idea early in development have been useful to complete another later on
SKETCHES Digital & Hand sketching was used especially Sketching is fundamental in bridging between Finding a bridge between CAD and hand sketches
with ideation and CAD design ideas and concept and has been thoroughly used | could greatly improve the efficiency of this
CAD 3D CAD design has been fundamentally used for | 3D CAD is currently the best way to create The 3D work associated with this major works

creating all parts of the models

models that can be produced by CNC machines

has been efficient and essential

GRAPHS AND CHARTS

Graphs and charts have been used to show visual
data from surveys and similar data sources

Visual representation of comparable data is
usually easier to understand than numbers

The graphs used in this major have been effective
and well placed to best serve their purpose

A supporting video presentation was created to

Video is often able to intuitively show movement

The 3D animation has been difficult but highly

AUDIO / VIDEO better show video animations and other graphics | and relationships better than photos valuable in explaining MIDIfier to an audience
PHOTOGRAPHS Photographs have been used extensively Photographs are able to visually show and prove | Photos caused large file sizes and other issues
throughout this major as a way to share info the work being described throughout this folio but overall have been highly effective
POSTERS Posters are used as a visual representation of Posters are able to display and highlight Posters have been great for portraying
design processes and ideas that were undertaken | important concepts that need attention information at first glance to an audience
MODELS & PROTOTYPES Physical models and prototypes were made to Models and prototypes are effective for The variety of prototypes have been essential to

test various components and mechanisms

understanding and improving mechanics

progressing with the development of MIDIfier

WRITTEN EXPLANATIONS

Written explanations are used to convey
information that isn’t otherwise clear or known

Written explanations provide a way for thoughts
and ideas to be explained

Overall, the text content is extensive and
detailed however writing is not my strongest skill

SIGNS / LABELS

Labels are used in the presentation setup to
clearly mark experiments and prototypes

By using clear labelling, it is easy to cross
reference from the folio to practical application

The labelling system has been effective in
keeping an organised demonstration

TABLES

Tables are used frequently as a structured way to
represent and organise information

Tables are a very structured and clear way to
organise information which is perfect

In many cases, it made most sense to use tables
extensively throughout this folio

MIND MAPS / FLOWCHARTS

A variety of cognitive organisers have been used
as a way to manage ideas and concepts

Cognitive organisers help with creative processes
such as ideation and flow charts

The range of cognitive organisers used has been
effective in organising and developing ideas

FINAL DISPLAY SETUP LAYOUT

The final display is set up in a way to best show
the progress of this project

Having a physical display set up gives users
tangible prototypes to interact with

The final display was very effective in presenting
and explaining the concept and prototypes

This section of the folio seemed to add very little value to the overall project. This is because in my opinion most of the information presented should already be evident. However, by summarising
and justifying the techniques used, it is clear to any viewer that the techniques were intentional and deliberate in order to achieve the quality of project and presentation desired. As well as this, it
provided a fairly valuable chance to reflect on the effectiveness of each communication technique, most of which were highly successful. Of course, this opinion is subjective and is a self judgement,

so viewers may disagree. For this reason, in future projects | will look towards using similar tables as learning diaries to assess what can be improved upon, rather than as a displayable reference of

the work completed.
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Presentation Technic

Presentation Setup Plan

Posters & Concept Boards will be displayed alongside my project. These concept boards were used during the ideation stage of my project to collect and explore possibilities.

The 6 minute video created to support my folio will be playing on repeat on a large computer to give visual insight into the project at a glance, as well as provide more details than pictures alone can.
The Major Works Folio will be at the front of the desk and easily accessible for anyone wanting to read it. It will be printed in A3 size and be 40 pages in total length.

An iPad will be set up with the Augmented Reality model of MIDIfier that was used for prototyping. This will provide viewers with the opportunity to explore the design at their own pace.

The full set of all Experiments, Tests, Prototypes, Comparisons, Materials and other physical elements of this project will be displayed on the front right side of this table. These are listed below.

Signs made from laser cut two layer plastic will give brief descriptions on different parts of the exhibition and what they relate to. This will allow the user to link understanding of the folio and display.

The exhibition setup will be indoors as reflection of sunlight can make computer screens hard to see. This will also eliminate any risks of weather events causing adverse effects such as knocking over
or wetting electronics and parts. The setup will require power and a large table.

Evidence of Application

nputcr 10 - SIS ' InNitidl <

C Ol onccepl
Summary Display Video working Boards & Research ;
Poster pia) Operational Code Tr!e .constructed elements displayed
on Microcontroller will include:
Major Commanding = i

- Lighting Experiments

- Machined Product Tests

- Material Tests

- Target Market Experiment Changes
- Code Experiments

- Hot Swap Prototype

- Re-arrangeability Prototype

- Microcontroller Prototype

- Multiplexor Prototype

- Display Prototype

Augmented Reality

Model ‘

rts. Models.
Demonstrations and
Power fori Other Evidence of
Computers Application
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Analysis of Functional & Aes
Aspects of Desig

PAGE
DESIGN PROCESS CRITICAL EVALUATION OF EVALUATIONS w2 :
NUMBERS /

¢ \ 25
6,7 Throughout this major works, critical evaluations have been : | I I I j
IDENTIFICATION OF completed in the purple boxes at the bottom of various pages. SN bt
GENUINE NEED The pages where critical evaluations are located can be found
in the “page numbers” column. Critical evaluations are an
3 important reflective process that should occur at all stages ll =
IDEAS throughout the design cycle.
GENERATION By critically evaluating the success and efficiency of a -~
completed process, mistakes can be identified and rectified /25 o 75\ i
9 before progress continues. Also, by evaluating how effective a \v
INVESTIGATION OF process has been, a designer is able to improve on their
IDEAS techniques for the next project.
g
10, 11, 12 | Commonly throughout the MiDIfier folio, | have found certain /” B ///
PLANNING & structures, tables or cognitive organisers to be cumbersome or e 2
MANAGEMENT confusing to use for various purposes and types of information. / 1

These critical evaluations have allowed me to learn from this
by considering other ways in which the information could be

14, 15, 17, ;
DEVELOPMENT OF 18,19 presented and structured for future projects.
CHOSEN IDEA Evaluations have brought up many questions throughout this DEFINE
project. For example, the evaluation on the table comparing
22, 24 MIDIfier to Special Waves X helped consider how valuable it '
RESEARCH AND was to have a large degree of difference from existing products
EXPERIMENTATION on the market. These evaluations helped alter the course of the

project for the better. However, | feel that for larger projects, |MPROVE /\ BULLECT

27, 29, 32, this level of evaluation is not deep enough to consider the

overall impact of each design stage. After completing this
PRACTICAL & Major Design Project, it is evident when looking back that many
BRAINSTORM

APPLICATION of the critical evaluations uncovered valuable ideas and
questions that needed to be explored in more detail. Maybe it \

34 is possible or necessary to deeply explore the results of each
section through further experiments or tests. For example, the
critical evaluation regarding code experimentation evaluated FEEDBAGK
the swap to a more organised “tabbed” code structure. This
: could have lead to further research or experimentation on the
section 3 best methods to keep code organised. If this had been done, A DEVELDP
EVALUATION more efficient ways to organise code may have been
discovered, thus leading to a more efficient code base.

PRESENTATION
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Relationship to the Project

SPECIFIC CRITERIA TO EVALUATE SUCCESS

TESTING METHOD

KEY SATISFACTORY
HIGHLY SUCCESSFUL INCOMPLETE
SUCCESSFUL UNKNOWN

SUCCESS / IMPROVEMENT

Head Unit with
Screen & _—_
Electronics

and connections

Modules clip |
inontop
W) ® 7
‘7 Y - | v’.vf
& &
AN p 4/ Modules are
RNy interchangable
N and magnetically
Wy’ attached
Y Ny PCB &M
Base for Rigitity B & Magnets

/ > :"

~ inlaid in base

710 | will continually test to confirm the product is fully user adjustable All prototypes were fully adjustable, however code settings should be
during the process. more easily changeable which would require development of a GUI
g y g
10/10 | will connect controller to a variety of applications to make sure it The program written for the Teensy worked fully with various MIDI
works as expected with them all. messages and programs functioning exactly as expected
4110 | will continually test the controller for different MIDI purposes Working prototypes were achieved for each functional aspect, however
throughout the project, primarily during programming stages a completed product to test with was not yet created
BODY SHOULD BE SMOOTH PLASTIC WITH EASY | 51 | will survey people whp use MIDI controllers, asking them- to test my | The materials chosen had a very sati§factory ﬁn.ish after machining
TO GRIP CONTROLS TO AVOID MISS-CLICKS prototype and make a judgement on surface and ergonomics. however an end product was not achieved so this could not be tested
COLOURS MAKE IT EASY TO DIFFERENTIATE 0/10 | will place the controller in low light situations and try to utilise it, | Lighting tests were limited as this area was less vital and would
BETWEEN BUTTONS IN LOW LIGHT comparing my results to normal lighting conditions. consume a lot of time to program. This could not be properly assessed
g my gnting g y
DESIGN IS SLEEK, MODERN AND CLEAN 2/10 | will survey people who use MIDI controllers, asking them to test my | Surveys and feedback was mainly about functionality so this aspect is
FINISHED. SUITABLE FOR A HIGH CLASS PARTY ’ prototype and make a judgement on design and look. hard to assess
AESTHETICALLY PLEASING AND COLOUR SCHEME | /1o | will use RGB LEDs and if time permits, will program features that Programming was implemented to allow these customisation features.
CAN BE MODIFIED BY THE USER will fulfil this need. It should have user accessible settings. It works well in testing but was not yet implemented on a prototype
MUST BE FUSED, LOW VOLTAGE AND WON’T 10/10 I will thorc.)ugh.ly test my circuity with a multimetef and lab power All regqlations, s.tandards: and conventions for USB and general
EXCEED POWER LIMITATIONS FROM USB PORTS supply while simulating usage to ensure specifications are met. Australian Electrical Appliances were successfully met
MUST NOT HAVE DANGEROUSLY SHARP EDGES 910 | will thoroughly inspect product to ensure no dangers have been left | Manufacturing processes allowed smooth cuts and high quality finishes
OR HAZARDOUS MATERIALS over from manufacturing. that do not have hazards for the user
10/10 | will ensure all vital parts are designed with ease of access. | will ask | All prototypes of all functions successfully allowed hot swapping,
my peers to test and confirm this is achievable and user friendly. changing and replacement of any form
6/10 | will perform durability tests on all materials and parts of my product | Durability tests were performed on bought components, however most
through usage simulations and scenarios such as being dropped. prototypes were not thoroughly tested
2/10 | will make a budget plan, perform research and ensure the final Financial measurements are still estimates at this point due to varying
: product meets this regulation. product prices and unknown final product design
2/10 | will design a simple financial plan and examine the cost of Costs seem to be very reasonable however this cannot be confirmed as
| producing each component and find the price of selling them the project has not had enough development of a final product
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Project Impact Evaluation

Impact on the Individual User

The MIDIfier has the potential to have a large positive impact on the user overall. It has the
potential to create a more efficient medium between humans and computers, known as the
Human User Interface (HUI). Ultimately these improved control systems can carry through even
with emerging Virtual and Augmented Reality devices, as human interfaces are still necessary in
many of these systems.

By having a modular, rearrangeable controller, an end users life is made better by providing a
system that can be tailored to their needs. However, this begs the question, “What if we have
multiple uses for the one controller?” “Does it need to be manually rearranged each time?”
This is one possible fundamental flaw of the design, in that it increases the possibilities available
to a user but doesn’t necessarily make them more convenient. This ultimately brings the idea
full circle back to the start of the design cycle. Maybe in future times, this project can be
revisited with this question in mind, reconsidering the problem and creating an even more
suitable solution.

The modular technology concept is a proven successful concept to improve the quality of life for
many people. It allows the user to have full control over their own device, ease of repairs,
unlimited customisability and smooth integration. It is for this reason that MIDIfier would be
able to strike the balance between consumers and producers, providing a product and business
model that does not require planned obsolescence to function. Consumers have an expandable
product and producers are able to offer upgrades and repairs that can be chosen at the users
discretion.

As well as these benefits, by providing a platform that can grow alongside a user, MIDlIfier is also
a learning companion. It is able to facilitate learning through experimentation, as well as
inspiring curiosity, exploration and growth. It is for these reasons that the MIDIfier concept has
a positive overall impact on the user, even if it is not yet developed to be the ideal solution to
cater for modern convenience wants.

Impact on Society

MiIDIfier has potential to affect society in many ways if widely adopted. This is because it enforces
a completely different business model and product design structure. Currently, many products
are designed with planned obsolescence to satisfy the business model. This is often the case
with technology such as smartphones, which are mostly non upgradable and difficult to repair.
This is done intentionally, knowing that new technology will be created and if users want
access to this, they will need to buy an entirely new device. As profitable as this business model
can be, it is also wasteful as many fully functioning devices are thrown away and most aren’t
recycled due to the complexity required to extract raw materials again.

MIDIfier takes on a similar design concept as early computers used. Critical parts are upgradable
and interchangeable, meaning the user can change components as technology advances. This
strategy has in many cases reached its limitations in computing due to the proximity of parts
having an effect on performance. Computer chips can often function at higher speeds when they
are all tightly integrated into the same package or motherboard. However, this is not a limitation
Human User Interfaces commonly experience so it makes sense to utilise this structure for
MIDlfier.

Overall, this impacts society positively by promoting the repairable and upgradable ecosystem. It
also promotes customisation & exploration which leads to deeper understanding and learning.
This in turn will allow productivity to increase, meaning as a whole society has the opportunity
to become more efficient when working with technology. Conversely, this level of customisation
can reduce the ability for shared tools, as each one will be set up to suit the owner. For example,
a DJ won’t be used to using the same DJ setup as “Club Mixers” use, commonly Pioneer Dual Deck
setups. DJs will need to rearrange the setup or bring their own, reducing their compatibility and
increasing setup time and effort. This could also make connections between DJs more difficult
because they won’t have common hardware to work with or perform together on. However, this
diversity could promote discussion about different methods and habits which will promote a
deeper understanding of a variety of possible ways to DJ. Ultimately, the effect on society is
positive with a shift in focus towards more environmentally and logically designed
technology.

Impact on the Environment

MIDIfier has both negative and positive effects on the environment. Short term, MIDIfier is yet
another product that is manufactured with plastic and electronics. However, due to the business
model, obsolescence will be reduced to a minimum. This means that long term, wastage will be
minimum and MiDIfier will be able to adapt and accomodate for new and changing
technologies. In the long run, the materials MIDIfier is made from can be updated to more
renewable and environmentally friendly alternatives, however by having a long lasting and
updatable structure, even with the use of highly processed plastics, MIDIfier has a far better
overall effect on the environment than most modern technologies do.
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Final Evaluation of Pro

Analysis

In my opinion, MIDIfier is currently a successful but underdeveloped product. The idea and
concept has been thoroughly explored and researched. All aspects of the design have been
prototyped and tested to various extents, however a final product has not been produced.
Ultimately, this comes down to two main reasons, time and resources.

The scale of this project was very large to begin with, possibly too ambitious. Assessment of the
time that would be needed to complete it was fairly accurate, however | greatly underestimated
the amount of time actually available to do this. This is because | underestimated the time
required for my other HSC subjects, study and assignments. Holiday time had to be distributed
between these and ultimately a lot less time was actually available for Design and Technology.

Secondly, time estimations didn’t accurately account for outsourcing manufacturing of things
like custom printed circuit boards. This was a flaw of “not knowing what you don’t know”, making
the assumption that just because it was a commercially available procedure that | would be able
to access those resources when | needed. To solve this issue for next time, it would be ideal to
complete the research and experimentation phase (Section 2.3) BEFORE project management
(Section 1.4). Unfortunately, in many larger projects, time for research and testing will need to be
accounted for, so future projects may require two research phases, one of concepts and another
of more detailed research to do with individual aspects. Regardless, this has been one learning
experience and next time more time allowance should be left for unexpected delays.

Finally, parts availability caused unexpected wait times. Many of the proposed purchase locations
became unavailable in a short period of time, meaning alternatives needed to be sourced from
locations with considerably longer postage periods. This led to delays in experimentation and
manufacturing, however the effects were far more manageable than the many months wait
time on outsourced PCB manufacturing. | am not sure how to reduce this issue in small scale
projects, however it could be less of an issue once the product is being mass produced and
suppliers are available on contract rather than just for one-off purchases.

These issues are a reflection of my ever evolving understanding of the design process.
Unfortunately they have meant that the final state of MIDIfier is still as prototypes rather than a
completed product, however | feel they have clearly demonstrated, tested and proven the
concept and made the path for further development clear. For this reason, | deem MIDlIfier to be
a successful concept, working set of prototypes and developing final product.

Critical Evaluation

Overall, MIDIfier fails to achieve the goal to be a fully functioning modular MIDI controller. This is
because it isn’t completed to the standard of final product desired. MIDIfier is able to successfully
achieve many individual aspects through many prototypes, however it doesn’t satisfy the design
brief in its current state. The action statement of the design brief was “To create a modular MIDI
controller that is user customisable and effective in a wide variety of MIDI systems.”

After thoroughly researching this project and creating time management plans, a more
thorough evaluation could have revealed the necessity to modify this design brief to suit the
available timeframe. If the brief was “to design” rather than “to create”, this project could have
been completed to its fullest extent without the issues of supplying parts, outsourcing
manufacturing etc. Unfortunately, this
hasn’t been realised until this point in the
project, which is why overall, MIDIfier in its
current state does not satisfy the design

brief.

It the [design] brief was

“to design” rather than

“to create”, this project
could have been

Personal Judgement

| feel that MIDIfier has been a successful

project even though it did not satisfy the

design brief. This is because MIDIfier

proved the capability to achieve almost

all of the “criteria to evaluate success”
through the research, testing and
experimentation. Future projects should
focus on improved time management, increased

research into manufacturing tools & techniques, better evaluation of suppliers and more
allowance for inevitable errors. Originally, | was worried about scope creep for this project as |
often have lots of new ideas along the way that | get excited about and want to include in the
project. However, this was not the case. Instead, | simply set the bar too high without knowing
exactly what would be required to complete this project. In the end, that’s another learning
experience and my personal judgement on the project remains. It is a good idea that has been
thoroughly explored and with more development will one day become a great product.

completed to its fullest
extent. MIDIfier in its
current state does not
satisfy the design brief.
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	MIDIfiable
	Technological Design Project
	Year: 12
	Design Statement:
	To improve the flexibility and customisability of MIDI based Human User Interface devices such as DJ controllers. This will be achieved by creating a Modular MIDI controller that is user customisable and effective in a wide variety of MIDI systems.
	Synopsis:
	Current MIDI controllers, especially DJ controllers, lack the flexibility to customise hardware configurations. They also have limited serviceability and repairability with many vital components being prone to breaking. Making a modular MIDI controller will alleviate both these issues and would be perfectly suited to hobbyist DJs looking for the latest innovations in musical computer hardware.
	1. Project
	Proposal & Management
	Ideation:
	I initially brainstormed many problems in society, a section of which are shown in the notes above. I discovered around 25 problems I was interested in or had experienced, then picking the top 5 for the table to the left.
	This table was an effective organiser for me to compare these problems and decide whether to continue with further exploration. I decided to look further into three of these to gain a broader understanding before deciding on a single one to continue with for my HSC Design and Technology Major.
	1.1
	Identification & Exploration of Genuine Needs and Opportunities
	The Health Advice Problem
	The Health Advice Problem refers to the issues around health advice for minor medical issues. Firstly, according to doctors judgements, around 41% of GP visits are unnecessary. (See: https://pubmed.ncbi.nlm.nih.gov/2284523/) On top of this, personal experience often reveals that for these minor issues, many doctors would give completely different advice, often prescribing antibiotics when not necessary to solve the issue. This is accentuated with patients who would prefer natural rather than chemical solutions, only to find the extremely vast variety of “cures” online makes it impossible to find the verdict.
	Design Situation & Target Demographic:
	Far too much medical information is available online, often with no effective sorting solutions. The tech savvy demographic and home remedy gurus need an effective solution to locating reliable medical information online that aggregates sources and provides relevant and proven true information.
	Market Opportunities & Research:
	Various websites already exist attempting to solve this problem, Medscape for example provides supposedly reliable medical news (See: https://www.medscape.com/). Mayoclinic offers a symptoms checker that attempts to suggest the issue based on the users symptom descriptions (See: https://www.mayoclinic.org/symptom-checker/select-symptom/itt-20009075). While these individually seem to solve various areas of the issue, it still isn’t a complete solution. Firstly, each only involves a single source of information - their own databases. Secondly, the financial motives of the companies are unknown. They could have tailored information aiming to sell more pharmaceutical medication.
	Ideation:
	Ideally, a solution would need to incorporate multiple organisations and sources of information. It should also be able to suggest secondary options, such as less common natural practices etc. While the need definitely exists, it may be difficult to fill this market gap as it is partially solved by some companies and many people may not consider the problem but rather simply take the first advice they find.
	One idea for solving this issue is to create a data analysis and indexing system that takes results from medical databases and search engines to look for patterns. It would then be able to find reliable and cross referenced results for any condition. It could give unbiased results and show a “certainty” factor based on how well matched information is from seperate sources. The flow chart sketch on the right shows how this would work. It would come in the form of a simple website search system similar to Google.
	Evaluation:
	The Health Advice Problem is a growing issue with many complexities and possible solutions. The nature of the problem involves masses of information, and while a prototype may be possible for this MDP, I will not be continuing with this. My interests aren’t in copious amounts of data analysis or coding and the market is complex with many solutions already starting to arise to fill the gap. For this reason, I will not be continuing a Major Design Project on this issue.
	1.1
	Identification & Exploration of Genuine Needs and Opportunities
	The Unbiased Information Problem
	The unbiased information problem is one that has been a part of the way humans have functioned for many years, especially in political scenes. Generally, people are attracted to others with similar ideas and beliefs. This means that often, people aren’t confronted with opposing ideas and values. However, this is greatly exaggerated by the use of technology, as all the information we digest is filtered and tailored to our best interests. It is no longer the same newspaper for everyone. Instead, it’s a feed designed to keep our attention the longest, regardless of the content. The result is inevitably that people are only fed with what they agree with, causing a greater divide and less understanding in the world.
	Design Situation & Target Demographic:
	With most of the younger generations and working population using modern technology for finding information and news, getting a well rounded view of what is going on in the world is very difficult. The basis of this issue stems from the largest motivator for current companies being profit (through user engagement) rather than equal and unbiased representation of results. This growing demographic is in need of technology that gives relevant information while avoiding the extreme targeting that is causing such large divides and misunderstanding in our world.
	Market Opportunities & Research:
	The market in this area is very overcrowded and cloudy. Many browser applications like Brave Browser emulate popular options like Google Chrome but with claims for far superior speed and reduced tracking. Many search engines claim to do the same, such as Duck Duck Go, a popular “incognito” search engine. The problem is for most users, it is impossible to verify whether these services live up the their promises. Even many advanced IT companies have failed to verify how truly protective they are, especially with tracking becoming more and more advanced every day.
	Ideation:
	With the market being so complex and many solutions being offered, one possible solution is to create a service to test the products made by these companies. It would likely be an online website that uses all the common tracking techniques as well as newly emerging ones. This website would allow users to check whether it was successfully able to find any of their information or track their access.
	Evaluation:
	The unbiased information problem is very complex and has a crowded market surrounding it. This makes it very difficult to create an effective solution without lots of experience in the field. It also will likely include lots of computer programming or data analysis and management. Due to these reasons and a lack of deep interest in the area, I will not be continuing a Major Design Project around this issue.
	1.1
	Identification & Exploration of Genuine Needs and Opportunities
	The MIDI Controller Problem
	MIDI stands for Musical Instrument Digital Interface. Despite being originally created for connecting instruments to computers, it is now used for many purposes including performing as a DJ, Stage Lighting, Computer Control with Photo and Video editing, Gaming and Aeroplane Simulators. MIDI has become a popular way to connect any sort of button, knob or other controls to computers - a physical interface other than the keyboard and mouse. Many products commercially available as well as an infinite amount of uses which will differ on an individual’s needs and preferences. This is a problem because everyone has a slightly different way to use them - much like a home screen of a phone has the same basic icons yet everyone arranges them completely differently.
	Design Situation & Target Demographic:
	The ability to buy or create MIDI controllers well suited to a specific need and/or user is currently not presented in the market and effective solutions do not yet seem to exist. Whilst MIDI controllers are used for many different applications, the target audience would be music producers, live musicians, and DJs. Live DJs and music producers need an adaptable solution that allows customisation and adjustment on a user and application specific basis.
	Market Opportunities & Research:
	The market for MIDI controllers in general is very large as these controllers are used for a massive variety of purposes. They are commonly used by DJs, Musicians, Live Video DJs, Visual effects & Lighting, Video Gaming, Simulators (Such as Flight Simulators), Video Editing, Photo Editing and much more. Many of these industries tie into one another, leaving a perfect gap for my product. A modular controller that can be used for all of these functions.
	Ideation:
	Most ways to solve this problem revolve around the concept of modularisation. This has long been a part of the evolution of analog synthesisers (A), however has not made its way into the new digital era. Rather than making completed boards, they must be broken into smaller pieces that can be assembled in any way the user wants. The first idea that comes to mind is a system similar to Lego, in which a user can select from a large range of possible parts and clip them together however they like.
	Evaluation:
	The possible design scope with this project is very large and the need for modularisation and user configurability has been seen again and again throughout history. This genuine need can apply to many different areas and could benefit a wide range of users, making this the perfect project for my MDP. I also have interests in the areas of music, programming, construction and circuitry which is why I will be continuing on with this design project.
	Primary & Secondary Research - Survey Data & Statistics
	Through my research, I have created a page spread showing all the existing research and statistics related to the MIDI controller problem. I also performed a survey which provided interesting results. These are detailed on the following page. Overall, the outlook on modular devices is very positive.
	1.1
	Identification & Exploration of Genuine Needs and Opportunities
	What instrument do you use MIDI with?
	Through this section, I have found the research into these individual ideas very valuable. As I researched the MIDI Controller Problem final genuine need, I decided to pursue it and consequently continued on with further research to validate this decision. This includes the survey data, in depth market research and ideation sketches. I decided it was best to conduct all my survey research early on, which is why I provided all the results on this page. Through this, I knew exactly what I was working with from early on, giving me the best knowledge of the consumer market and broadest view of the genuine need at hand. I also performed sketching and ideation very early as to allow these ideas to continue to grow over time. Through this, I let myself create a much wider range of solutions to solve the problem.
	1.1
	Identification & Exploration of Genuine Needs and Opportunities
	Central Claim - The MIDI Controller Problem
	As a keen recreational DJ & Musician, experienced programmer and electronics hobbyist, I love to create, rearrange and modify things. I deeply understand the need for a modifiable and/or modular MIDI (Musical Instrument Digital Interface) controller. I am often frustrated with the limitations of pre made systems and the inability to customise devices to individual needs. I also understand the pain of breaking a single vital component of a larger machine, requiring a replacement of the entire package, even when everything else works perfectly.
	I clearly see the need to create a product that fills this gap.
	Design Brief
	To create a modular MIDI controller that is user customisable and effective in a wide variety of MIDI systems. This should include and be compared/contrasted with common DJ MIDI Controllers.
	Design Situation
	With ever-growing advancements in technology, many forms of music and instruments have become digitally based or otherwise incorporated into computers. This transition has lead to an abundance of “MIDI” controllers - interfaces between the user and computer. However, these controllers need to have particular features or setups for each purpose & user, meaning companies must make several varieties to fill all needs. This need is still not properly solved leaving many users in a disappointing system of complex setups with multiple devices required to fulfil their individual purposes.
	Market Opportunities
	The market for MIDI devices is very large, however due to the nature and user requirements for these controllers, it is filled with a large number of niche solutions rather than “one size fits all”. The market opportunity that will be approached is not focusing on a niche area as often traditionally done, but instead attempting to create a customisable solution that is suitable for a large range of users. It would be in the same price range as middle class controllers but will provide a far larger scope of potential usage and configurations than anything currently available.
	Target Market
	For this project, there are two potential target markets that could be approached. Either a hobbyist DJ who is looking for a system to explore their MIDI Controller needs, or a larger scale DJ who is looking to create elaborate customised rigs specific to their gig style. As this is my first time designing a solution to this problem, the product will likely utilise lower quality materials rather than high end audio equipment. For this reason, I am going to focus on providing the solution to this need for a hobbyist or beginner to intermediate range of DJs and other MIDI users in similar situations.
	Survey Data Analysis
	The survey created was based on investigating the perceptions of modular versions of technology. This was due to having a very small sample size of people available to survey. This meant very few people had experience specific to MIDI controllers, so asking more generalised modularisation questions was required. This survey has been designed with a variety of examples of technologies and assumes the results found will also apply to MIDI controllers. The findings include very high results in favour of modular devices, with 100% of the participants deciding modular technology benefits the user.
	Feasibility
	Overall, constructing a solution to this project is feasible given my skillset, experience, research results and timeframe. The market gap I have identified is legitimate and available for innovation. The potential for future expansion is large, with MIDI devices being used for many purposes with relatively similar designs and setups. While executing an effective solution to this problem will likely be difficult, I have many years of experience with coding, technology and construction so I feel I will be up to the challenge. I also have a strong work ethic and am invested in this issue as it affects me too. Additionally, my father, uncle, cousin and a few of my friends are involved in DJ performances & Electronic Music meaning I have valuable insight and have the ability to trial solutions with feedback from industry professionals.
	Up to this point, I have completed a table of ideas (PG 2), exploration of three needs (PG 3-5) and a statement of intent for my final idea (PG 6). The table of ideas was the result of an extensive 25 idea brainstorm (briefly shown as post-it notes) and was a very effective tool in helping me decide and justify the three ideas I would further explore. From this, the fairly in-depth research of each idea was extremely valuable in providing an understanding of the ecosystem of each area. I specifically used a SWOT analysis for each to directly compare strengths, weaknesses, opportunities and threats across these genuine needs. The SWOT analysis took a fair amount of time and difficulty to complete to a high standard but was ultimately very valuable and played a big part in helping me decide which need to continue with. Finally, the statement of intent helped summarise my research and justify my position, ultimately giving me direction and motivation in continuing this genuine need.
	1.2
	Initial Research & Areas of Investigation
	The use of a table structure to analyse areas of investigation has been a highly effective tool. By breaking down the task into specific areas to research, I have been able to clearly understand the required steps and keep them organised in the relevant areas of my folio. Some areas of investigation were not included, such as environmental impact and life cycle analysis. This is because environmental considerations are not a high priority for this design. In further stages, if this product was ready to be produced on a larger scale, a life cycle analysis would definitely be an area of investigation.
	In the future, I would like to experiment using different formats for this information, possibly a flowchart or similar system. This is because the areas that need investigating often branch out from each other in a chronological sequence. After I completed this task and begun performing research, I often found more areas I would need to further investigate that branch from the initial area. In this case, I just continued my research in the relevant section but didn’t amend this table as it has already served its purpose as a cognitive organiser and plan.
	1.3
	Criteria to Evaluate Success
	The criteria to evaluate success has been fairly useful for me at this stage but I believe it will be essential to refer back to in later stages of the design. It successfully allowed me to set importance of aspects and justify this to both myself and others reading this folio. By giving each area an importance rating, I am able to focus my efforts in priority order and make sure I am on track to achieve these right from the very first ideation sketches.
	In the specific criteria to evaluate success, I have chosen to focus on many important areas of design, however I have chosen not to include environmental factors into these. This is because for my design I have ranked many other areas such as function, aesthetics and ergonomics very highly. I am not able to focus on every possible area and I have decided that due to the nature of my genuine need, I have found this is not an essential element of the design situation.
	1.4
	Project Management - Time & Finance
	Project Budget
	For this project, I have negotiated a budget of $500 funded by my family. According to my budget, this should cover the cost to make a controller with some spare for unexpected costs as prototyping reveals required changes.
	Commercial Feasibility & Costing
	If I was looking to produce this product commercially, I have the potential to be successful as based on my initial cost estimates I am far below the average MIDI controller selling price of $800. However, to produce my product will likely require advanced machinery such as the Laser Cutter and CNC machine which are very expensive. I would likely consider outsourcing manufacturing to factories that already have these tools available, however this would be a consideration to further research when that point in time comes.
	Changes Throughout the Project
	Over the course of this project, the items purchased varied considerably from the original plan. These changes included:
	No PCBs ordered - Supplier was not capable of producing in time
	Different displays purchased - Cost $30 more than expected
	No Sheet Steel purchased - Double quantity of magnets instead
	Most of the parts were ultimately bought through different sources and/or sellers than the original prices were collected from. This meant that many of the prices were different than the initial budget forecasted. However, the final cost of all used parts was $297.15 which was below the $307.13 and far below the $500 overall budget.
	The use of this Financial Management has been highly effective for planning what needed to be purchased and allowed a clear eBay shopping list to be made.
	The quantity of items was tricky to articulate with this table structure as smaller items may be bought in bulk but only a set number required per board. However, some items may be needed for other components such as the head unit. This means the quantity column of the above table isn’t perfectly reflective of how many components were needed, however it is a good approximation.
	As far as commercial feasibility, curiosity led to a breakeven analysis and further exploration than was detailed above. While MIDIfier still showed to be possible, it became quickly evident that proper feasibility analysis requires more concept of what manufacturing processes and what materials will be used. At this stage, this is all unknown as the first prototypes are still in ideation stage.
	Throughout the project, this initial plan was great to be able to revisit and reevaluate. This effectively kept the project within budget even when different parts had to be ordered or an alternative system was put into place as plans were revised and new prototypes developed.
	1.4
	Project Management - Time & Finance
	This first half of the Gantt chart plan was followed fairly closely. It was definitely the best planned segment of the project and time was spent effectively because of this. The relationship between tasks however meant that any delays accumulated and flowed on, making the send half less closely followed than the first.
	1.4
	Project Management - Time & Finance
	The use of this Gantt chart has been highly effective for planning and was fairly useful in keeping track of time. The Gantt chart approach seems to lack the specific task tracking abilities that are preferable in a digital time tracking software, however these often require a fairly large setup and are a long term solution. This may be invested into for the next project.
	2. Project Development & Realisation
	2.1
	Ideas Generation & Exploration of
	Existing Ideas
	Existing Solutions to the MIDI Controller Problem
	There are currently a limited number of solutions to this problem, with the most applicable being detailed by the table on the left. These include the Mine S by Special Waves, Elements by LIVID, GRID by Intech Studios and MIDILAR by Jacub Mudrak. The Elements and MIDILAR controllers are both designed as modular synthesisers, and while they do run through MIDI, they do not solve this market need as they are specifically for sound synthesis and only offer a solution for this small market portion. These, along with the GRID controller all come as “chunks” of buttons and controls, not actually allowing the user to rearrange them individually but rather in groups. This results in only a few possible combinations and not being useful or practical for the overwhelming majority of users.
	The Special Waves X does solve this problem by creating individual slots for each button etc, however it brings its own series of issues. Based on only 5 active components, it is missing key functionality for DJs, Loopers and many other users. It also has limited settings and requires specific software to work, meaning it can only be integrated with apps the manufacturer supports, not allowing any user additions or modifications. To summarise, a large market gap still exists but requires a breakthrough that is far superior to the minimalistic existing solutions. Overall, the main problem is a lack of functionality and a far too limited usage scope.
	Relation to Design Brief
	These currently available products fall short from satisfying the design brief in the following areas:
	Functionality - These all lack comparable functionality to current standalone products
	User customisation - These have limited and/or far too few options to be effective
	Effective for wide variety of uses - These are only useful for specific niche use cases
	Price range - These are very expensive for their functionality compared to current products
	As well as this, there are many other areas of these designs which I believe could be largely improved on to better fill this gap in the market. These current solutions simply don’t get enough attention because they don’t fulfil the needs of the user and act as more of an “optional extra”.
	Assessing the existing solutions in this section has been critical. The use of a table over other cognitive organisers such as a mind map or Venn diagram a strategic choice. Venn diagrams can be confusing especially when relating more than three products and mind maps are more effective for creative rather than comparative stages of design. By using a table, it is clear which elements are being compared and methodical research into all required areas of each product can be done.
	By using a table that clearly compares and contrasts four of the best currently available solutions, it became evident what was required to properly fit this market gap. The flaws in these designs were often the same and all four seemed underdeveloped.
	During the research of each of these devices, new issues, ideas and viewpoints came to light. These all encouraged the critical thinking and problem solving that went into the design of MIDIfier. Ultimately, the research into these areas provided understanding of the market, a comparative ground and insight into what MIDIfier should do better.
	2.1
	Ideas Generation & Exploration of
	Existing Ideas
	MIDIfier’s Degrees of Difference
	The MIDIfier will have a variety of differences that separates it from the competition. These have been outlined in the table to the left in comparison to the best features of existing market solutions. By far, the most important aspect is the fundamental level of how MIDIfier is designed to work. It has its own microprocessor, touchscreen display and user interface all in one. This means measuring, customisation and calculation is done onboard and does not require a host device to do any processing. All the other controllers seen thus far require a specialty program to be installed onto every device intended for use. By making MIDIfier with its own processor, it becomes both far more robust and simultaneously universal to any device that is capable of receiving MIDI messages.
	As well as this, the physical design of MIDIfier is far more simple than competitors such as Special Waves. This means it is very simple to incorporate any button, sensor or module into the ecosystem and make it compatible with MIDIfier. One of the biggest limiting factors with Special Waves is the lack of support for many common sensors, meaning it simply isn’t a suitable replacement for standalone MIDI controllers.
	Finally, MIDIfier is built on the principle of a data “bus” and “daisy chaining”. These two communication concepts are well known and are implemented as the core communications used in MIDIfier. This is what allows panels to be “tacked onto” and removed at the user’s will. As well as swappable modules, the whole size of the setup can be changed however is needed or preferred.
	The degree of difference analysis on this page was done to explore in depth how MIDIfier is different from its closest competitor - the Special Waves X controller. This controller was born from similar ideas as the MIDIfier, however the biggest source for difference is a lack of development. As seen in the comparison, the Special Waves X is underpowered and lacks many key features of which the MIDIfier will be designed to have.
	Having this depth of research is a massive advantage later on in the project. This is because not only does it give a list of features to ensure make the final design, but it also gives a clear list of features that can be harnessed during marketing of a final product.
	Overall, this analysis has not been very useful within the scope of this major works, however overall to the project on its journey to becoming potentially commercial it is one of the most vital analysis steps.
	2.1
	Ideas Generation & Exploration of
	Existing Ideas
	Sketching and the Assembly Flowchart
	In order to break down this project into manageable sections, a flowchart was created to show how segments will be interconnected (A). The physical product as a whole is referred to as the “controller”, similar to how a gaming controller or tv remote controller is referred to. This comprised of a carry case (still in concept phase, never prototyped) and panels. These Panels (C) are the basis of the MIDIfier, and a maximum of 16 panels can be linked together to form a completed controller. Each panel is an assembly consisting of a base board which has slots to hold a maximum of 44 modules. These boards contain all the required circuitry to communicate with the Head Unit (E) which is where the Central Processing Unit is. A module is the combination of a sensor in a housing that can be plugged and unplugged from any available position on a board. These can have any type of analog or digital sensor, including (but not limited to) buttons, potentiometers (linear or rotational). Modules have releasable pins (B) which are rounded allowing for easy removal by pulling or rotating. These pins have small magnets on the bottom which hold them in their corresponding slots on boards when put into place.
	This modular design allows the MIDIfier to successfully achieve the project brief in concept form. By breaking it further down into smaller segments, this structure (A) can be carried through onto the further sketching stages in 3D as well as CAD design and assembly stages.
	Further Sketching
	Throughout previous years of Design and Technology, many hours have been spent understanding how to best process ideas. It has become evident that digital sketching in CAD software is far more effective than hand sketching for more advanced concepts as it allows prototyping in 3D instantaneously. Sketching in CAD opens the ability to see both small and large details that will or won’t work as the design is being made, allowing a sound result much faster. With this being said, the most basic level of ideation is often easier and more intuitive to perform by hand, so both methods are used at different times.
	On page 18, the second stage of sketching is shown with digital CAD sketches and their corresponding 3D concept models. These reflect the ideation sketches on this page with more detail and better consideration of the connection each segment has to one another. This is especially important to this design as there are so many pieces that must fit together perfectly. Simply jumping straight into 3D CAD design from the ideation sketching is not possible, so another more detailed level of CAD sketching is required.
	2.1
	Ideas Generation & Exploration of
	Existing Ideas
	Structure of MIDIfier
	To find the best overall structure of MIDIfier, I came up with two tessellating patterns. These were hexagonal and rectangular prisms. I then sketched an idea for each, comparing the positives and negatives of each in the table above. Overall, having a rectangular based controller is the simplest to design and implement as well as allowing for larger sizes in multiples of the original dimensions which makes it the ideal shape for MIDIfier.
	The rectangular shape is similar to the Special Waves controller that already exists on the market. The Special Waves controller uses both square and rectangular modules and this is a very strong aspect of the design. There is no currently known issues with this layout and it seems to be the most effective design which is another supporting reason to use this for MIDIfier.
	The Plus Minus Interesting (PMI) structure helps simultaneously compare advantages and drawbacks of two designs. By using this structure to compare two potential ideas, it is much easier to choose which will progress to further testing. Also, by then comparing these designs to existing market solutions, we are able to better understand why those decisions may have been made with existing products.
	In this case, we were able to see the way the two designs would interact with pieces and why this may have been taken into account on existing solutions, all of which used the rectangular design. From there, the drawbacks of this more common design can be assessed, and if it still appears to be the superior solution, it will progress to further designs.
	2.1
	Ideas Generation & Exploration of
	Existing Ideas
	Parametric Sketching with CAD
	The second stage is to sketch these ideas parametrically. This is done with the help of computer aided design (CAD) software. This stage begins with a rough copy of the hand sketch in 2D using basic CAD shapes (B). Then, the connections and relationships between these shapes are defined with different constraints. This is the most important step to do correctly, as this is what allows changes to measurements to update the entire model automatically. These dimensions are then added, leaving a dimensionally accurate two dimensional sketch that represents the original idea.
	Progressing to 3D
	These 2D parametric sketches are the basis of the first stage of 3D modelling (C). This stage is not manufacturing ready but more for completing the basic design stages. This is because having a dimensionally accurate 3D model often reveals where parts will intersect or otherwise not function as intended. This is especially common with complex designs and is a useful stage as it allows these fundamental errors to be detected and changed before the final 3D model begins to be designed.
	Visualisation with AR
	The second benefit of creating 3D sketches such as these is the ability to import them into augmented reality capable software such as Adobe Aero. This software is still in beta development stages however is stable enough to use for this project. Putting this model into AR allows insight into how it will look when brought to life. It gives a semi realistic view on aesthetics and often shows which aspects are more or less prominent than expected. As seen in image (A), the MIDIfier 3D model is shown using augmented reality next to an existing laptop. The QR code in the top right corner can be scanned to view this model in any space using a standard smartphone.
	This ideation phase was revisited multiple times throughout the design process as it is a key element of the design cycle. By breaking this phase into sketching, modelling and visualisation, often errors can be caught before progressing to the prototyping phase. This has been highly effective during this major works which is why this process involving Augmented Reality prototyping is highlighted. However, even with the use of these visual inspection techniques and scale accurate modelling, some changes were still needed after prototyping began. For example, after the completion of the first design, testing from a professional in the field lead to a change in the base size of modules, which meant revisiting this section of the design cycle was necessary. The changes to size were implemented in sketches and adjusted in the parametric 3D model. This model was then re-exported to an Augmented Reality compatible mesh file (FBX) which was imported into a new, revised version of the augmented reality prototype. This prototype seemed to solve the issues highlighted by the user testing, which was then confirmed as the new 3D printed prototype was made and tested.
	2.2
	Consideration of Design Factors
	The intent of this table is to thoroughly assess design factors and find their correlation to this major design project. By finding this correlation through the “critical analysis” and “relevance to MDP” columns, an experiment could be proposed to further understand the mechanisms that would be used to achieve a desirable result in each area. After completing the experiments, in most cases I found that more related experiments needed to be completed in order to thoroughly understand what solution would be best. This highlights a weakness in the table structure, in that it can be hard to draw clear connections between further research or alternative ideas. It became evident that this section should have been a more creatively focused cognitive organiser such as a mind map or a flow chart which could be easily extended as the project progressed, therefore allowing more clear links to be identified, making it easier to draw conclusions from this information.
	2.3
	Research, Interviews, Experimentation
	And Testing
	PCB Supplier Comparison
	PCB stands for Printed Circuit Board and these are very common in electronics. They are useful for complicated circuits and when incorporating integrated circuits (ICs - a smaller chip) into a larger circuit. For the MIDIfier, the required circuits will likely be very complicated to allow high speed communications with numerous analog and digital components. A custom PCB will be required for both low level prototyping and a final product.
	PCB Manufacturing is very complex and the equipment is very expensive and hard to use. After extensive research into this, it became evident that PCB manufacturing in Australia tends to be less common and more expensive than other places such as China. Of the many companies researched, all the Australian companies had minimum quantities far higher than suitable for prototyping, such as 100pcs minimum. This means for a prototype, when modifications need to be made, 100 boards may be wasted instead of just 5 as most of the Chinese companies offer. These minimum quantity requirements are both expensive and completely unviable for the project, ruling out RushPCB and OurPCB.
	Of the remaining three services investigated, JLCPCB had the largest library of available components with most of the chips needed, while PCBway and NextPCB had low stock available. This was the biggest factor in choosing a manufacturer as hand soldering is not viable for the high amounts of soldering connections needed for moderately complex circuit designs.
	PCB Ordering
	After designing the PCBs (Page 29), the files were exported and uploaded to JLCPCB (A). Research into the correct options was done (B) and Surface Mount Device assembly was requested. Not all of the required parts were available and a request needed to be placed to source the missing parts (C). As only a small amount of boards were required, the request could take up to 6 months to be completed. After a month and many times contacting the company, it became evident that it could not be completed within the time frame this major works was required to be completed. PCBway and NextPCB have restrictions on minimum order quantity for custom sourced parts. This meant a custom PCB within the timeframe and budget of this major work was not possible.
	2.3
	Research, Interviews, Experimentation
	And Testing
	Software Experimentation (3D & PCB CAD Packages)
	Aim: To determine the most effective 3D CAD package for complicated 3D modelling
	Method: Examine different programs’ capabilities and test by importing a 500k polygon model
	Conclusion: While Fusion 360 has been a ‘go to’ option previously, it struggles with complex models and can become highly unreliable. The workflow is forced to become convoluted and it does not work well with other programs. FreeCAD however, is open source, has all the necessary features and performs much better with higher degrees of customisation. However, as Fusion is used for many of the available tools, it may be used for tool-pathing in later design stages.
	Aim: To determine the most suitable PCB CAD for learning schematic and printed circuit design
	Method: Research options & trial the programs that offer the required features
	Conclusion: Many of the available options were either high cost or very lightweight, online and limited in functionality. CircuitMaker is similar to Altium designer which was excluded due to commercial range costs, however Eagle CAD is not far behind. However, CircuitMaker is very limited in functionality, as is expressPCB, Fritzing and Osmond. EasyEDA was a viable option, however it offers essentially the same as KiCAD which is a fully free and open source project with a large community, many commercial users and well developed features and documentation. It also allows for any plug-ins, built in python scripting and does not have limitations on usage (or claim copyright over) produced PCBs such as EAGLE CAD does. For this reason, I will continue to learn circuit design using KiCAD.
	2.3
	Research, Interviews, Experimentation
	And Testing
	Mechanical Experimentation (Magnets & Connectors)
	Aim: Determine if a stronger magnet can easily override weaker magnetic connection
	Method: Place magnet on sheet steel, hover stronger magnet 5mm above and observe transition
	Conclusion: A stronger magnet will easily remove the weaker connection due to the exponentially increasing strength of magnets with proximity (C). Required magnet strength can be calculated with this website: https://www.kjmagnetics.com/calculator.asp, making this a viable solution for use in my designs.
	Electrical Experimentation (Sensors & Interference)
	Aim: To test the noise generated by the length of analog wires and proximity to digital signals (A)
	Method: Attach varying lengths of wires to the microcontroller and analog sensor. Test three times each and repeat bringing active digital signal into closer proximity with the controller. Record noise levels & peak spike values
	Results: The noise observed by increasing lengths of wire was proportional but fairly insignificant (B). The proximity of digital signals did not have much effect, so this will not need to be accounted for in the PCB design
	Conclusion: In the PCB Design, routing to the analog sensors will be prioritised, however reducing proximity to digital signals will not be considered as a priority. Code will also be developed to take multiple readings and average them so that any small amounts of noise will be filtered out.
	The research, interviews, experimentation and testing completed in this section has been essential to the project. The research into PCB suppliers and ordering of custom circuit boards was completed fairly early on and had a large impact on the project as it posed many problems. By learning early on that custom PCB fabrication was a timely and expensive process, the project had to be reduced to various working prototypes of individual aspects rather than a consolidated final product. Due to the sheer complexity of the electronics involved in this design, using custom printed circuit boards was unavoidable and thus this obstacle caused a reorient of the project.
	The software experimentation resulted in having the right tools for the project which proved to be highly valuable especially as designs became increasingly complex. The mechanical, electrical, tooling, lighting and reliability experiments all played fundamental roles in giving insight into the specific areas of the project in which they were related to. The target market testing resulted in useful feedback and redesigning the basic module to be a more suitable size. This fundamentally influenced the design for the better.
	2.3
	Research, Interviews, Experimentation
	And Testing
	Tooling Experiments (Fabrication Techniques)
	Aim: Determine the best tool to create prototype component frames with
	Method: Create a prototype using the laser cutter, 3D printer and CNC machine
	Conclusion: Each technique had positives and negatives, however 3D printing was the simplest and most effective. CNC cutting was marginally more accurate however small enough milling bits are not available to cut the holes for the magnets (D). Laser cutting is limited to 2D, however can be done in 3D with advanced engraving techniques. This, however, resulted in bowing of the material due to the heat produced (A) and took approximately five times longer to complete than 3D printing. This resulted in 3D printing for the frames (C) and laser cutting for top 2D pieces.
	Lighting Experiments
	Aim: Determine the most visually appealing material for the top face of components to allow RGB LEDs to shine through
	Method: Place an RGB LED under a variety of materials including engraved acrylic and make a personal judgement on the most aesthetically appealing (B)
	Conclusion: While white acrylic looked fairly appealing, it blocks a fair percentage of the light meaning it will make the product fairly inefficient through wasting most of the light produced. Clear acrylic showed a distinct glare from the LEDs, causing a distraction to the user. Roughened clear acrylic (laser engraved) produces a uniformly diffused light which is perfect for this product.
	Target Market Testing
	Aim: Determine if this product is applicable and practical for a user from the target market
	Method: Provide a sample of interlock mechanism (E) to a DJ and request their opinion on the feel, usability and sizing of modules and panels
	Conclusion: A DJ in the local area gave the feedback that the modules should be slightly bigger. This lead to further prototyping with modules that are based on multiples of 33mm rather than the originally prototyped 25mm modules (C)
	Parts Reliability Testing
	Aim: Determine if the parts purchased are suitably reliable for this use case
	Method: Create an automated button clicker rig (F) to press a sample of the buttons 100,000 times and ensure they still function reliably
	Conclusion: After over 100,000 button presses (2 presses per second, 100000/2/3600 ≈ 14hrs) the sample of buttons tested still functioned as new. This confirmed that this particular part would be suitable for use in the final product. Similar tests were done for other parts that were used in MIDIfier.
	2.3
	Research, Interviews, Experimentation
	And Testing
	Structure of Code & Functions
	The structure of a program is possibly the most important foundational element. After extensive thought into the structure required, an extensive set of flowcharts was created to organise the program structure. (A) This allowed tasks to be clearly broken down and to function cooperatively.
	System Monitoring
	A system monitoring function was implemented to keep track of power, ram, cpu and other usage parameters in order to satisfy USB power limits.
	Timing & Execution of Functions
	Timing was a fundamental challenge in this code. Many methods were tested in order to find the most suitable, with the result being a cooperative multitasking system where tasks can take turns utilising resources. This allows task deadlines to be met as well as avoiding the use of interrupts. Many modern computers use real time or general purpose operating systems with interrupt based time sharing, however this is too complex for this purpose.
	Settings & SD Card Interface
	Many settings are required for this project and saving these settings between power cycles was difficult. This is because the microcontroller has limited non volatile memory (memory that remains between power cycles). The solution was to use an SD card which required a large amount more code.
	Multiplexor Reading & Writing
	Reading and writing to the multiplexors that are connected to the different components was fairly straightforward. The use of multi-dimensional arrays and matrices along with nested “FOR” loops allowed this to be completed efficiently. These advanced techniques are highly effective once perfected.
	LED Control & Response
	Control of the individually addressable LEDs was achieved using the FastLED library alongside similar multi-dimensional arrays and FOR loops as above.
	MIDI & Communications
	To interface the Teensy controller with a computer, a multi protocol system was set up where both MIDI & Audio data could be sent simultaneously. (B)
	Other Functions
	Many other functions were created and tested to allow expansion with other controllers, DMX lighting and staging, CAN bus communications, I2C modules and much more. These were not essential to the design but very helpful to experiment with and will be great for expansion in later stages.
	A very large amount of coding was needed for this project as it solely uses software to interpret user arrangement and take necessary action. However, by having this working code, the concept can be tested and proven without the need for fully developed hardware. With the difficulties of custom PCB fabrication for small scale projects, being able to create functional code has been essential as it has allowed me to make working prototypes of various elements of the project even without completed hardware prototypes.
	Also, the way this code is able to operate modularly on its own means that once hardware is developed, this code will require minimal changes in order to operate properly. Parameters such as saved settings can easily be changed on the SD card and will work instantly. Modules can be easily added to the multitasking environment that would make any required changes simple to implement and work smoothly alongside all the other functions. On top of this, the code has been divided into seperate tabs that allows for a developer to easily skip to the section that needs changes and make the required modifications. This has been a massive time saver as the project has progressed from this testing phase to more finalised versions.
	2.3
	Research, Interviews, Experimentation
	And Testing
	Device Safety
	The MIDIfier must be safe to operate, even in the case of a fault, failure, damage or misuse. For this reason, the two operating voltages used are 3.3v and 5v (D). Five volts is what USB devices operate with and has been proven to be harmless in almost all cases even when a catastrophic failure occurs. To quantify the associated risk, the conductivity of my index finger was used for calculating the electrical current that would flow through my skin if 5v was applied directly to the surface. The measured resistance was around 3.117 mega-ohms (C). Using Ohms Law, Voltage = Current * Resistance. Solving for Current, 5.14v / 3117000Ω = 0.000001649A or 1.649 micro amps. Even in a high voltage setup such as a Van De Graaf generator, more than 50 micro amps are required before any human sensation is felt.
	This experiment is incomplete as it does not account for the distance between probes, moisture of the skin or many other factors. However, it does show that the electrical risk is far below what can be felt even in a catastrophic failure such as a short circuit, and it is even farther below any levels that are harmful to humans. For this reason, 5v will be the operating voltage and will be safe for all users.
	PPE During Manufacturing
	Many machines used in the manufacturing process required Personal Protective Equipment (G) due to inherit hazards. For example, the Computer Numerically Controlled Router requires Earmuffs and Eye Protection to be worn. I measured this machine to have an average sound level of 92db when cutting which can be damaging if heard for more than half an hour a day or more than 4 hours over a week. These measurements confirm the need for hearing protection such as ear-muffs or ear-plugs. Eye protection is essential as the machine cuts by using a high speed router bit. As well as the risk of loose parts becoming projectiles, the material being cut will form shards that can be sent flying in all directions during the operation. For safety, the operator must always be carefully monitoring the job, however eye protection is absolutely necessary.
	End User Testing
	After initial prototypes were completed, a local DJ was invited to test two aspects of functionality. This was the part swapping mechanism (E) and the electronic hot-swap configuration (F). This testing left me with useful feedback that will be explored further in this folio.
	Device Compliance with Existing Standards
	The Universal Serial Bus (USB) protocol allows for devices to consume a certain specified amount of power, as well as negotiate for more power allowance if needed. By implementing a current sensing module (B), MIDIfier is able to dynamically adjust settings to reduce power usage. That can include things such as LED brightness and CPU speed. As seen in (A), even when operating at maximum load, the Teensy chip running MIDIfier adheres to the 500ma limit and only requires 100ma to operate.
	2.4
	Application of Conclusions
	Experimentation & Application
	A very large range of experiments were undertaken for this project. The reason for such a large number of experiments is due to the overall complexity of the project. Each element needed to be tested thoroughly. The areas in which the software related experiments were applied aren’t shown visually as they were simply the underlying foundation for the project. Having the right tools is essential and these software experiments helped find these tools. Overall, the experiments were very effective in guiding the project in the correct direction and without these experiments, research, testing and interviews this project wouldn’t successfully head the right way.
	2.5
	Identification & Justification of Ideas
	And Resources Used
	The identification of resources used has been shown in a table for simplicity and clarity. This section hasn’t been beneficial to the projects progress, however, it is an important process to identify these resources. By categorising them and justifying where and why each was used, it is clear to viewers where much of the information and tools was from and may be helpful for others with similar projects. This is especially the case with the software section, as lots of the software used was found only after thorough research, experimentation and testing. This folio isn’t the ideal location for information on these sources, especially the website references as far more were used that could not be displayed. For future projects, I will look into ways to document and record supporting resources and information for future reference.
	2.6
	Evidence & Application of Practical
	Skills to Produce Product
	3D CAD - Planning
	3D design forms a very large aspect of this project. Knowing this, care was taken into properly planning and preparing before beginning CAD work. The initial controller breakdown (Page 15, fig. 1) was revisited and expanded into a low level plan (B). This low level plan breaks each component of the design into the structural processes which are needed to create it. For example, a base sketch that is revolved to create a conical interlock pin. This low level plan also details how components should be inter reliant on one another. This is because with such a complex design, it should not be fully placed in a single file. Each component should be a seperate file which is linked to any other required files. In doing this, a base feature can be updated and the whole design will recorrect itself, rather than a small change requiring a complete redo. This also allows the design to become more flexible if the required parts aren’t available and a slightly different variant is required.
	3D CAD - Organisation
	After the low level plan was completed, a file structure was developed to allow for correct saving and versioning (A). Each version can have a description if required, and if not it will have the date and time the modifications were made. This is an essential organisational structure that will prevent this project from ever being lost, corrupt or otherwise confusing.
	3D CAD - Design
	With a detailed plan and proper organisation established, 3D design could commence. This consumed many hours and a large percentage of this project’s time budget due to the complexity and considerations that had to be made. While the initial 3D models were being made, not all the material testing had yet been completed. This meant that it was unknown whether the final product would be laser cut, CNC routed or 3D printed. This was later decided after the materials and tooling experiments (Pages 23 & 29), however before this, consideration had to be taken with the possibility that CNC manufacturing may be required. This is due to the fact that a CNC router with a standard flat end mill bit cannot produce sharp internal corners. The smallest tool bit available for the router was 1/8” size, meaning no corner sharper than around a 1/8” diameter circle could be made. The entire design was made with this in mind, leading to the more fluid and curvy inner designs for modules.
	2.6
	Evidence & Application of Practical
	Skills to Produce Product
	Materials
	Many potentially suitable materials were evaluated based on their structural integrity, aesthetics, function and compatibility with available tools and skills (A). The main structure of this controller has very fine tolerances and small parts, so timber won’t be ideal. While timber was considered for face panels and aesthetic elements of the design, bowing, staining and variability are likely to be common issues. On top of this, there are extra complexities involved with using a wider than necessary variety of materials making timber unsuitable for MIDIfier. Steel and aluminium have exceptional structural qualities, however can be more difficult to machine and require tools that are not currently available to me. It is possible to outsource some of these jobs, however it is unnecessarily complicated for small added benefit. Cast acrylic comes in a variety of colours and opacities. It can be laser cut easily and accurately however it shatters if used with a CNC. Polycarbonate is the opposite of acrylic for machining. It cannot be laser cut, but cuts flawlessly in the CNC. For these reasons, I will use acrylic for the sections that can be laser cut. If any CNC milling is used, polycarbonate will be the best option for those parts.
	Machining & Manufacturing
	CNC machining (B) was the first method tested to manufacture the models. The tool pathing required (D) was rather complex and very time consuming due to so many operations on curved surfaces. There also is not a tool available for this machine that is small enough to cut the holes for the magnets, seen missing in the part in image (C).
	After these issues were discovered, it was back to the drawing board. The model was updated to have thicker walls to allow for 3D printing, which had much finer accuracy (E). 3D printing these parts was slightly less strong than the polycarbonate version, however this could be solved in a commercial setting by injection moulding or other mass production methods so for a prototype, 3D printing is sufficient.
	Finally, laser cutting was used to make the top panels of modules from the clear engraved acrylic in the top right corner of image (A). This is simply as due to the lighting experiments (Page 23), it is the most aesthetically pleasing material for the job and can be used in 2D parts.
	Machining and manufacturing of the various prototypes, experiments and other elements of MIDIfier was an extensive process with many mistakes and revisions made. As often is the case with advanced machining, many lessons were learnt through trial and error, especially with tool pathing for the Computer Numerically Controlled machines. For the CNC Router, the first mistake was not “tabbing” the job, meaning that as the final cut was made, the piece moved and was damaged by the still spinning bit. On the next operation, small tabs were inserted into the design which held the piece in place throughout the job. At the end, these were cut by hand with a utility knife to remove from the stock material. Many similar learning curves occurred in the processes of 3D printing and Laser cutting, all of which overall developed my knowledge and understanding of these tools and fabrication techniques. In the next project, this section could be improved with more thorough photography and videography to better show the manufacturing process, failures and changes.
	2.6
	Evidence & Application of Practical
	Skills to Produce Product
	Electronics & Circuit Design
	Circuit Design is a major element of MIDIfier. This is because of the inherent complexity with making such a large scale system. In this design, each MIDIfier Head Unit can be connected to a maximum of 16 panels, each of which can hold up to 44 modules. Each module slot has two individually addressable LEDs, each of which can display approximately 16 million colours (2563). This means there is a maximum of 704 analog signals and 1048 LEDs that need to be read and written to. For an ideal analog refresh rate of 1ms for all components, this can mean components need to be read in close to 1 microsecond each. The LEDs should be updated at 120Hz, requiring (64*120) + (32*1048*120) bits per second, approximately 4Mbps or a clock speed of greater than 4Mhz. Overall however, this means a well designed circuit is required to support this, far more than is achievable by hand. At these speeds, wire length and resistance play a large part and thus should be made from copper tracks set to specific desirable widths and lengths. The top level concept of how the laptop and core parts of the circuitry should be connected (C) were sketched in Karo Graph, a simple drawing utility. The full detail designs were done in KiCad as it is free, open source and allowed for schematic design (A), PCB design (D) and 3D previewing (B).
	PCB DEVELOPMENT
	The circuit for the panels is broken down into two main sections - the attachment area and the addressor. The addressor is the very top bar seen at the top of fig (D). This part is responsible for only allowing connections to the Head Unit when the correct address is selected. It works by having two selection knobs the user sets to a unique channel combination (ie, positions 2 & 5). This will activate only a single channel from a 16 channel multiplexer. This multiplexer will allow a signal through when the three address pins are set to the corresponding pin the switches are set to. In this way, each board will only receive and respond to signals on the channel its switches are set, meaning all 16 panels can take turns talking on the 3 wire bus without interfering. The attachment area is the rest of the board. It contains exposed copper pads wherever a component slot is available, as well as evenly spaced LEDs in a grid underneath all slots. The LEDs allows for complete colour control of every component individually at very high refresh rates. The copper pads facilitate a connection between the panel and the interchangeable components, each of which will have it’s own smaller circuit board with the sensor (button, knob etc) and pogo pins (E) to connect to these copper pads.
	2.6
	Evidence & Application of Practical
	Skills to Produce Product
	Code Editor
	As this project progressed, it became evident that the default (D) Arduino Integrated Development Environment (IDE) was not sufficient for the volume of code being produced. A switch to the open source ATOM editor (A) with the PlatformIO plugin (B) allowed better handling and management of large code bases as well as some time saving features such as pre-emptive typing.
	Usage of Libraries
	Many libraries were used to interface with different sensors and components. Some of these include InternalTemperature.h, RTClib.h, SdFat.h, FastLED.h to name a few (C). These assist with temperature monitoring, real time tracking, SD card communications and LED operation respectively. By using these community built and open source libraries, these operations could be achieved efficiently with minimal extra code required.
	Assembly of Modules & Compute Power
	As the independently tested sections of code (E) for doing various things proved effective, the time came to assemble these into the one functional program. In doing so, it became evident that the cooperative multitasking system could be overloaded by a single task taking too long. To solve this, a new system had to be invented that would use the CPU clock cycles to work out how long each task took so an analysis could be later performed. This led to an extensive bug tracking system being implemented later on.
	Bug Tracking
	As the complexity of the program increased, simple methods of bug tracking using “print” statements started to fall short. Instead, a universal bug tracking system was created which used macros to tell the compiler where to copy and paste de-bugging code when needed. This saves lots of development time and allows debugging with greatly simplified commands.
	Usage of Classes
	A learning curve with this program was to utilise “classes” which are segments of code and variables that can have many copies created and destroyed at will. Previously I had never used classes so learning this was a challenge, however it greatly improved the code efficiency and simplicity once implemented.
	Final Status
	After these various changes and improvements were implemented, the final status of the code leaves a fully functional program that is ready to be implemented and adjusted to a variety of custom hardware. It functions standalone for various tests and prototypes as needed and is overall the most thoroughly completed component of the project.
	2.6
	Evidence & Application of Practical
	Skills to Produce Product
	This section of the folio has been extremely interesting as it neatly summarises the work of the entire project. This is possibly the most elegant and useful table in the project, clearly and visually showing both the numerical information as well as reference images that clearly identify the tasks completed. In a future project, it would be great to include a graph comparing time spent on each aspect so that viewers can visually understand the information.
	2.6
	Evidence & Application of Practical
	Skills to Produce Product
	The final production of MIDIfier was fairly limited due to a few reasons discussed further in section 3, however, the production techniques used in manufacturing of the prototypes has been an extensive undertaking. This section has been effective in demonstrating the extensive attention to safety that has been evident throughout all manufacturing of the project. It has also given an opportunity to display the research that was completed around legislative issues and considerations, initially which were researched out of curiosity rather than necessity as this product is far from consumer ready. This section was fairly brief in that I was not able to fully explain all the modifications made, especially relating to the programming. Many of the programming issues are specific to developers and generally are hard to explain to general audiences without extensive explanations of the mechanisms in place behind the workings of the code. For this reason, I found this section frustrating to complete as there is much more I wish to include but do not have the space to.
	2.7
	Use of Communication &
	Presentation Techniques
	This section of the folio seemed to add very little value to the overall project. This is because in my opinion most of the information presented should already be evident. However, by summarising and justifying the techniques used, it is clear to any viewer that the techniques were intentional and deliberate in order to achieve the quality of project and presentation desired. As well as this, it provided a fairly valuable chance to reflect on the effectiveness of each communication technique, most of which were highly successful. Of course, this opinion is subjective and is a self judgement, so viewers may disagree. For this reason, in future projects I will look towards using similar tables as learning diaries to assess what can be improved upon, rather than as a displayable reference of the work completed.
	2.7
	Use of Communication &
	Presentation Techniques
	Presentation Setup Plan
	Posters & Concept Boards will be displayed alongside my project. These concept boards were used during the ideation stage of my project to collect and explore possibilities.
	The 6 minute video created to support my folio will be playing on repeat on a large computer to give visual insight into the project at a glance, as well as provide more details than pictures alone can.
	The Major Works Folio will be at the front of the desk and easily accessible for anyone wanting to read it. It will be printed in A3 size and be 40 pages in total length.
	An iPad will be set up with the Augmented Reality model of MIDIfier that was used for prototyping. This will provide viewers with the opportunity to explore the design at their own pace.
	The full set of all Experiments, Tests, Prototypes, Comparisons, Materials and other physical elements of this project will be displayed on the front right side of this table. These are listed below.
	Signs made from laser cut two layer plastic will give brief descriptions on different parts of the exhibition and what they relate to. This will allow the user to link understanding of the folio and display.
	The exhibition setup will be indoors as reflection of sunlight can make computer screens hard to see. This will also eliminate any risks of weather events causing adverse effects such as knocking over or wetting electronics and parts. The setup will require power and a large table.
	Evidence of Application
	The constructed elements displayed will include:
	Magnet Experiments
	Lighting Experiments
	Machined Product Tests
	Material Tests
	Target Market Experiment Changes
	Code Experiments
	Hot Swap Prototype
	Re-arrangeability Prototype
	Microcontroller Prototype
	Multiplexor Prototype
	Display Prototype
	3. Project
	Evaluation
	3.1
	Analysis of Functional & Aesthetic
	Aspects of Design
	3.2
	Relationship to the Project Proposal
	3.3
	Project Impact Evaluation
	Impact on the Individual User
	The MIDIfier has the potential to have a large positive impact on the user overall. It has the potential to create a more efficient medium between humans and computers, known as the Human User Interface (HUI). Ultimately these improved control systems can carry through even with emerging Virtual and Augmented Reality devices, as human interfaces are still necessary in many of these systems.
	By having a modular, rearrangeable controller, an end users life is made better by providing a system that can be tailored to their needs. However, this begs the question, “What if we have multiple uses for the one controller?” “Does it need to be manually rearranged each time?” This is one possible fundamental flaw of the design, in that it increases the possibilities available to a user but doesn’t necessarily make them more convenient. This ultimately brings the idea full circle back to the start of the design cycle. Maybe in future times, this project can be revisited with this question in mind, reconsidering the problem and creating an even more suitable solution.
	The modular technology concept is a proven successful concept to improve the quality of life for many people. It allows the user to have full control over their own device, ease of repairs, unlimited customisability and smooth integration. It is for this reason that MIDIfier would be able to strike the balance between consumers and producers, providing a product and business model that does not require planned obsolescence to function. Consumers have an expandable product and producers are able to offer upgrades and repairs that can be chosen at the users discretion.
	As well as these benefits, by providing a platform that can grow alongside a user, MIDIfier is also a learning companion. It is able to facilitate learning through experimentation, as well as inspiring curiosity, exploration and growth. It is for these reasons that the MIDIfier concept has a positive overall impact on the user, even if it is not yet developed to be the ideal solution to cater for modern convenience wants.
	Impact on Society
	MIDIfier has potential to affect society in many ways if widely adopted. This is because it enforces a completely different business model and product design structure. Currently, many products are designed with planned obsolescence to satisfy the business model. This is often the case with technology such as smartphones, which are mostly non upgradable and difficult to repair. This is done intentionally, knowing that new technology will be created and if users want access to this, they will need to buy an entirely new device. As profitable as this business model can be, it is also wasteful as many fully functioning devices are thrown away and most aren’t recycled due to the complexity required to extract raw materials again.
	MIDIfier takes on a similar design concept as early computers used. Critical parts are upgradable and interchangeable, meaning the user can change components as technology advances. This strategy has in many cases reached its limitations in computing due to the proximity of parts having an effect on performance. Computer chips can often function at higher speeds when they are all tightly integrated into the same package or motherboard. However, this is not a limitation Human User Interfaces commonly experience so it makes sense to utilise this structure for MIDIfier.
	Overall, this impacts society positively by promoting the repairable and upgradable ecosystem. It also promotes customisation & exploration which leads to deeper understanding and learning. This in turn will allow productivity to increase, meaning as a whole society has the opportunity to become more efficient when working with technology. Conversely, this level of customisation can reduce the ability for shared tools, as each one will be set up to suit the owner. For example, a DJ won’t be used to using the same DJ setup as “Club Mixers” use, commonly Pioneer Dual Deck setups. DJs will need to rearrange the setup or bring their own, reducing their compatibility and increasing setup time and effort. This could also make connections between DJs more difficult because they won’t have common hardware to work with or perform together on. However, this diversity could promote discussion about different methods and habits which will promote a deeper understanding of a variety of possible ways to DJ. Ultimately, the effect on society is positive with a shift in focus towards more environmentally and logically designed technology.
	Impact on the Environment
	MIDIfier has both negative and positive effects on the environment. Short term, MIDIfier is yet another product that is manufactured with plastic and electronics. However, due to the business model, obsolescence will be reduced to a minimum. This means that long term, wastage will be minimum and MIDIfier will be able to adapt and accomodate for new and changing technologies. In the long run, the materials MIDIfier is made from can be updated to more renewable and environmentally friendly alternatives, however by having a long lasting and updatable structure, even with the use of highly processed plastics, MIDIfier has a far better overall effect on the environment than most modern technologies do.
	3.4
	Final Evaluation of Project
	Analysis
	In my opinion, MIDIfier is currently a successful but underdeveloped product. The idea and concept has been thoroughly explored and researched. All aspects of the design have been prototyped and tested to various extents, however a final product has not been produced. Ultimately, this comes down to two main reasons, time and resources.
	The scale of this project was very large to begin with, possibly too ambitious. Assessment of the time that would be needed to complete it was fairly accurate, however I greatly underestimated the amount of time actually available to do this. This is because I underestimated the time required for my other HSC subjects, study and assignments. Holiday time had to be distributed between these and ultimately a lot less time was actually available for Design and Technology.
	Secondly, time estimations didn’t accurately account for outsourcing manufacturing of things like custom printed circuit boards. This was a flaw of “not knowing what you don’t know”, making the assumption that just because it was a commercially available procedure that I would be able to access those resources when I needed. To solve this issue for next time, it would be ideal to complete the research and experimentation phase (Section 2.3) BEFORE project management (Section 1.4). Unfortunately, in many larger projects, time for research and testing will need to be accounted for, so future projects may require two research phases, one of concepts and another of more detailed research to do with individual aspects. Regardless, this has been one learning experience and next time more time allowance should be left for unexpected delays.
	Finally, parts availability caused unexpected wait times. Many of the proposed purchase locations became unavailable in a short period of time, meaning alternatives needed to be sourced from locations with considerably longer postage periods. This led to delays in experimentation and manufacturing, however the effects were far more manageable than the many months wait time on outsourced PCB manufacturing. I am not sure how to reduce this issue in small scale projects, however it could be less of an issue once the product is being mass produced and suppliers are available on contract rather than just for one-off purchases.
	These issues are a reflection of my ever evolving understanding of the design process. Unfortunately they have meant that the final state of MIDIfier is still as prototypes rather than a completed product, however I feel they have clearly demonstrated, tested and proven the concept and made the path for further development clear. For this reason, I deem MIDIfier to be a successful concept, working set of prototypes and developing final product.
	Critical Evaluation
	Overall, MIDIfier fails to achieve the goal to be a fully functioning modular MIDI controller. This is because it isn’t completed to the standard of final product desired. MIDIfier is able to successfully achieve many individual aspects through many prototypes, however it doesn’t satisfy the design brief in its current state. The action statement of the design brief was “To create a modular MIDI controller that is user customisable and effective in a wide variety of MIDI systems.”
	After thoroughly researching this project and creating time management plans, a more thorough evaluation could have revealed the necessity to modify this design brief to suit the available timeframe. If the brief was “to design” rather than “to create”, this project could have been completed to its fullest extent without the issues of supplying parts, outsourcing manufacturing etc. Unfortunately, this hasn’t been realised until this point in the project, which is why overall, MIDIfier in its current state does not satisfy the design brief.
	Personal Judgement
	I feel that MIDIfier has been a successful project even though it did not satisfy the design brief. This is because MIDIfier proved the capability to achieve almost all of the “criteria to evaluate success” through the research, testing and experimentation. Future projects should focus on improved time management, increased research into manufacturing tools & techniques, better evaluation of suppliers and more allowance for inevitable errors. Originally, I was worried about scope creep for this project as I often have lots of new ideas along the way that I get excited about and want to include in the project. However, this was not the case. Instead, I simply set the bar too high without knowing exactly what would be required to complete this project. In the end, that’s another learning experience and my personal judgement on the project remains. It is a good idea that has been thoroughly explored and with more development will one day become a great product.

