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S E C T I O N

Brief Overview

To address the non-adherence of CPAP machines by providing 
a comfortable  and functional alternative.  
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Understanding the problem
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Brief – Addressing CPAP Adherence
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O R I G I N A L  B R I E F
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Global scale



S E C T I O N

Design Development

Progress since Submission 2 — what changed, and what drove 
it.
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Gantt Chart

[Image: Sub 2 form / CAD]
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Objective: Learn how snap buttons can act as connection point for electronics 
systems. 
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Snap Buttons

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Objective: Learn how snap buttons can act as connection point for electronics 
systems. 
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EMG Fabric Sleeve

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Agentic Vibe Coding

]
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Creating an app to 
visualize and log  
Brainwave, Heart rate 
and positional data. 
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Agentic Vibe Coding

]
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Creating custom software to visualize 
electroencephalogram (EEG) wearable data.
vO Vibe coded App for  an acer laptop.
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Dissecting an existing 
EEG Headband

]
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Understanding Physics of the skin

[Image: Sub 2 form / CAD] ]

Sweat gland ducts offer a natural ionic bypass 
through the SC, but sweat output is too 
physiologically variable to be a reliable conduction 
pathway.
The silver fabric electrodes work when wet as the 
moisture fills the wrinkles of the skin fixing the 
surface area issue. Water is a great conductor.
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The stratum corneum (SC) is the outermost skin layer, composed of dead, 
keratinized cells called corneocytes embedded in a hydrophobic lipid bilayer 
of ceramides, cholesterol, and fatty acids. This structure creates high 
electrical resistance for three reasons: the lipid matrix repels water and ions, 
the densely packed architecture leaves no open pathways for ionic 
current, and the layer lacks the interstitial fluid found in deeper tissue that 
normally conducts bioelectric signals
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EMG Pillow Development

[Image: Sub 2 form / CAD]
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Objective: Add a smaller sleeve as a reference electrode for the EMG set up and 
glue the silver fabric to the pillow.  Reference is critical to obtain high quality 
signal. 

Embroidered electrodes offer 
strong design control but 
produce a bumpier surface 
compared to the silver fabric 
tested previously. Silver alone 
is insufficient for conforming 
to skin microgeography; a 
screen-printed polymer layer 
could bridge this gap by 
moulding to the skin's natural 
surface valleys. Screen 
printing enables flexible 
electrode geometries and is 
an established research 
direction, though cost and 
development time must be 
carefully weighed against 
project scope.
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EMG Neck Pillow 

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]

Utilized a safety-pin assembly for iterative sizing and adjustable fitting. Electrode Integration: 
Spade-shaped silver electrodes feature internalized wiring to protect connections. Reliability: 
Applied adhesive to secure electrode placement and prevent short circuiting during use.
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Objective: Adapt electrode sleeve testing methods to measure submental 
genioglossus activity.
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Genioglossus EMG neck pillow 

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]

Utilized a safety-pin assembly for iterative sizing and adjustable fitting. Electrode Integration: 
Spade-shaped silver electrodes feature internalized wiring to protect connections. Reliability: 
Applied adhesive to secure electrode placement and prevent short circuiting during use.
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Objective: Adapt electrode sleeve testing methods to measure submental 
genioglossus activity.
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Understanding Physics of the skin

[Image: Sub 2 form / CAD] ]
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Above: Design the head straps away from the design to reduce 
claustrophobia. A travel friendly pillow.

Right: Testing signal fidelity for EMG signals on the forearm and genioglossus 
muscles. 
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EMG – Mic transition. 

[Image: Sub 2 form / CAD] ]

Sweat gland ducts offer a natural ionic bypass through the SC, but sweat 
output is too physiologically variable to be a reliable conduction pathway.
The silver fabric electrodes work when wet as the moisture fills the wrinkles of 
the skin fixing the surface area issue. Water is a great conductor.
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Objective – Design the head straps away from the design to reduce 
claustrophobia. A travel friendly pillow.

After Realising silver fabric EMG electrodes 
required water to maintain a meaningful 
signal, I changed my thinking to monitoring 
the sound of the breath through 
microphones.  

Audio processing will provide the necessary 
insights into airway patency for diagnosis 
and profile modelling. 

A digital twin of the patient created by the 
ai to monitor states of being.
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Microphone testing

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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ESP32-Devkit V1 testing with perf-boards and 3D printing.   Claude helping 
structure and code the system.   

Trimming and sanding the parts to enable a clean fit. 
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Microphone testing

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Microphone testing

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Create a plastic housing for me to test my Microphone set up. 
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Microphone testing

[Image: latest CAD / prototype]
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S E C T I O N

Prototyping in 
Semester 2

What was made, how, and why — from early studies to the 
final build.
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Microphone testing

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Microphone testing

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Microphone testing

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Create a plastic housing for me to test my Microphone set up. 
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3D Printing

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]

Section 2  ·  Design Development OSAT  ·  Leo Burness 

Explore housing for my Sensor Hub
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[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Prototyping

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]

Section 2  ·  Design Development OSAT  ·  Leo Burness  

Explore housing for my Sensor Hub
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Explore housing for my Sensor Hub
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Explore housing for my Sensor Hub
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Sensor Hub 

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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3D Printing
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Explore housing for my Sensor Hub
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Explore housing for my Sensor Hub
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Explore housing for my Sensor Hub
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Explore housing for my Sensor Hub
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3D Printing
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Explore housing for my Sensor Hub
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Design Pivots

]
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Prototyping

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Prototyping

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Live Mic/ Positional Data Visualisation

Year-1 pilot

Single-cavity tools, hand-finished housing, semi-auto 
SMT

~ 0 . 0 2 %  o f  a w a r e  S A M

Year 2–3 scale

TAM: 936M adults 30–69 globally (Benjafield et al., Lancet Respir Med 2019)  ·  Aware SAM ~50M.

Section 5  ·  Volumes OSAT  ·  Leo Burness  
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Data Visualisation. 

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Prototyping

[Image: Sub 2 form / CAD] [Image: latest CAD / prototype]
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Progression of prototypes

P1

Foam / form study

Comfort, strap geometry

P2

Electronics 
breadboard

Sensor validation (EMG / HR / 
IMU)

P3

PLA housing v1

Component packaging trial

P4

Functional v2

Integrated PCBA + display

P5

Final prototype

End-to-end demonstrator

Each prototype tied to a specific design question. Folio carries the photo evidence.

Section 3  ·  Prototypes OSAT  ·  Leo Burness  



S E C T I O N  3   ·   P R O T O T Y P E S

Progression of prototypes

Section 3  ·  Prototypes OSAT  ·  Leo Burness  



S E C T I O N  3   ·   P R O T O T Y P E S

Progression of prototypes

Section 3  ·  Prototypes OSAT  ·  Leo Burness  



S E C T I O N  3   ·   P R O T O T Y P E S

Progression of prototypes

P1

Foam / form study

Comfort, strap geometry

P2

Electronics 
breadboard

Sensor validation (EMG / HR / 
IMU)

P3

PLA housing v1

Component packaging trial

Final prototype

Here we see some 
experimentation for different 
display models. Clocks, Live 

Biometric displays, a calibration 
mode. A microphone mode to 

record. 

Each prototype tied to a specific design question. Folio carries the photo evidence.
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Progression of prototypes

P1

Foam / form study

Comfort, strap geometry

P2

Electronics 
breadboard

Sensor validation (EMG / HR / 
IMU)

P3

PLA housing v1

Component packaging trial

OLED 
Toutchscreen

Here Im.
creating a fitting for the screen. 

Modifying small details to ensure 
a snug fit. 

Each prototype tied to a specific design question. Folio carries the photo evidence.
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Prototyping

P1

Foam / form study

Comfort, strap geometry

P2

Electronics 
breadboard

Sensor validation (EMG / HR / 
IMU)

P3

PLA housing v1

Component packaging trial

P4

Functional v2

Integrated PCBA + display

P5

Final prototype

End-to-end demonstrator
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Screen Display

W H A T  I T  D O E S

Section 3  ·  Final Prototype OSAT  ·  Leo Burness 
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Progression of prototypes

Foam / form study

Comfort, strap geometry

P3

Functional v2

Integrated PCBA + display

P5

Final prototype

End-to-end demonstrator

Each prototype tied to a specific design question. Folio carries the photo evidence.
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S E C T I O N

User Evaluation & 
Testing

How we tested, who took part, and what we learned.
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Methods & participants

M E T H O D S

• Wear comfort trial — 30 min sit/lie cycle

• Fit & don/doff observation (timed)

• On-device UI walkthrough — task success

• Signal quality check vs reference (where applicable)

• Post-test Likert + open-ended interview

P A R T I C I P A N T S

[ N ]
participants

[ X ]
target / ideal users

Sample type: [ ideal users / convenience sample — be honest ]

Recruitment: 
[ how participants were sourced ]
Ethics: 
[ consent / ethical clearance reference ]
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User Testing
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User testing

M E T H O D S P A R T I C I P A N T S

[ N ]
participants

[ X ]
target / ideal users

Sample type: [ ideal users / convenience sample — be honest ]

Recruitment: 
[ how participants were sourced ]
Ethics: 
[ consent / ethical clearance reference ]

Section 4  ·  Methods & Participants OSAT  ·  Leo Burness  

1
2

3
4

5



S E C T I O N  4   ·   U S E R  E V A L U A T I O N

M E T H O D S

• Wear comfort trial — 30 min sit/lie cycle

• Fit & don/doff observation (timed)

• On-device UI walkthrough — task success

• Signal quality check vs reference (where applicable)

• Post-test Likert + open-ended interview

P A R T I C I P A N T S

[ N ]
participants

[ X ]
target / ideal users

Sample type: [ ideal users / convenience sample — be honest ]

Recruitment: 
[ how participants were sourced ]
Ethics: 
[ consent / ethical clearance reference ]

Section 4  ·  Methods & Participants OSAT  ·  Leo Burness 

User Testing



S E C T I O N  4   ·   U S E R  E V A L U A T I O N
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What it does — and what it does not

W H A T  I T  D O E S

Section 3  ·  Final Prototype OSAT  ·  Leo Burness  
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Prototyping

W H A T  I T  D O E S

Section 3  ·  Final Prototype OSAT  ·  Leo Burness 
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Chin Pillow

M E T H O D S P A R T I C I P A N T S

[ N ]
participants

[ X ]
target / ideal users

Sample type: [ ideal users / convenience sample — be honest ]

Recruitment: 
[ how participants were sourced ]
Ethics: 
[ consent / ethical clearance reference ]
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Key findings

W O R K E D

Comfort & fit
The Neon Green elastic straps had the best overall comfort as they are the most adaptive to everyones head shape. the 
straps must be pulling through the front of the chin

W O R K E D

Small Chin Pillow A soft pillow at the chin is much more comfortable than hard plastic.

M I X E D

Many designs fell off The design must remain in the submental triangle to prevent interference with other key nerve layouts within the neck.

N E X T

Embedding electronics

Section 4  ·  Key Findings OSAT  ·  Leo Burness  



S E C T I O N

Design for 
Manufacture

Commercial production — volumes, materials, processes, 
costing.

Section 05  ·  Design for Manufacture OSAT  ·  Leo Burness  
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Materials & processes

Engineering drawings of major parts in folio — undercuts, draft, parting line checks.

Section 5  ·  Materials & Processes OSAT  ·  Leo Burness  
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Bill of Materials and cost build-up

Section 5  ·  Materials & Processes OSAT  ·  Leo Burness  

Cost line 10,000 / yr 100,000 / yr 1,000,000 / yr

Headwear sub-
total £32.65 £16.47 £8.99

Bedside dock 
sub-total £30.35 £15.30 £8.36

System COGS 
(factory gate) £63.00 £31.77 £17.35

Cost line (£/unit, 100k) Headwear Bedside dock System total

Injection-moulded shells 0.55 0.90 1.45

Tooling amortised 0.30 0.20 0.50

PCBA (4-layer, SMT, test) 8.50 4.50 13.00

1.28″ round LCD + 
CST816S touch — 5.20 5.20

LiPo 600 mAh + 
protection 1.55 — 1.55

USB-C 5V/1A wall PSU — 1.80 1.80

Vibration motor (haptic) 0.42 — 0.42

Strap + textile electrode 
assembly 2.10 — 2.10

Final assembly + EOL 
test (labour) 1.50 0.80 2.30

Cabling + dock contacts — 0.30 0.30

Packaging (shared box, 
insert, manual) 0.55 0.55 1.10

Indirect overhead 
allocation 0.60 0.60 1.20

Other NRE amortised 
(cert, EMC, fixture) 0.40 0.45 0.85

Sub-total COGS, 100k 
tier £16.47 £15.30 £31.77

5.4 Bill of Materials and cost build-up

Cost is modelled per the Marshall lecture's direct + indirect + tooling-amortised 
framework, taken from OSAT_Cost_Model.xlsx. Headline tier table:

Per-line breakdown at the 100k tier:
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5.1 Commercial manufacturing strategy

Section 5  ·  Materials & Processes OSAT  ·  Leo Burness  

Tidal is a two-device consumer wearable produced through three production 
routes: injection moulding for the rigid plastic enclosures (chin-cap, electronics 
housing and bedside dock shell), cut-and-sew with sonic-welded edges for the 
textile strap and conductive-fabric electrode pad, and contract SMT for both 
PCBAs. Production is dimensioned against three volume tiers — 10,000 
units/yr (launch), 100,000 units/yr (primary commercial design point) and 
1,000,000 units/yr (mature-market upside) — and the parts and tool 
architectures below are sized for the 100k tier unless otherwise stated.

The 100k tier is defended from market analysis rather than chosen as a 
round number. The global TAM for adult OSA is 936 million (Benjafield et 
al., Lancet Respir Med 2019); restricted to plausibly-served geographies and 
the ~20% aware of their condition, the aware serviceable market is ~50 million 
people. 100k units/yr is roughly 0.2% of that aware SAM — a defensible Year 
2–3 retail and direct-to-consumer scale, in the same order of magnitude as the 
published volumes for the Belun Ring and the Withings Sleep Analyzer.

V1 is positioned as a consumer wellness product (snore monitoring and sleep-quality 
feedback), not a regulated medical device. This avoids the £150–500k of NRE and 12–18 
month Notified Body lead time of a Class IIa MDR submission. The V2+ therapeutic 
configuration is explicitly framed as a future regulated route under UK MHRA Class IIa; 
V1 deliberately preserves that pathway by using clinically-grounded sensor 
specifications (INMP441 acoustic capture; AD8232 biopotential AFE; 4-layer mixed-
signal PCB stack-up) so the same hardware family can later carry a regulated claim 
without an architectural reset.
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5.7 DFM reflections and simplifications

R E T A I L  P O S I T I O N I N G

£[ RRP ]
Target RRP (consumer screening tier)

Gross margin: 
[ XX% ] at 100k/yr
Comparators: 
WatchPAT clinical (>£300), Belun Ring (~£300), Withings Sleep Analyzer (~£130).

Section 5  ·  Cost & Retail OSAT  ·  Leo Burness  

Three consolidations were carried through 
the DFM cycle: elimination of the MyoWare
carrier (replaced with a discrete AD8232 
AFE on the headwear PCBA, removing £6–
10 of BOM at any volume); replacement of 
four service screws with a circumferential 
snap-fit on the chin-cap (removing the 
screws and ~20 s of assembly time); and 
relocation of the microphone aperture to 
the parting line (cutting ~£15k from the 
100k-tier tool quote). The B&D part-count 
index for the headwear improves from 0.36 
as-prototyped to 0.57 as-designed-for-
manufacture, approaching the B&D 
theoretical minimum after one further 
over-moulding consolidation. DFM thinking 
has removed mass, parts and cost from a 
design that had been over-engineered for 
hand prototyping — not constrained the 
industrial design.
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Final Design Proposal

The product, what it does, and how it does it.

Section 07  ·  Final Design Proposal OSAT  ·  Leo Burness  
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OSAT — the final design

[Hero render of OSAT final design]

W H A T  I T  I S

A wearable strap that screens for sleep 
apnea overnight, at home.

H O W  I T  W O R K S

• Conductive-fabric electrodes capture sub-mental EMG
• Optical sensor tracks HR & SpO2 desaturation
• IMU + microphone add position & breathing context
• ESP32-S3 logs the night; LCD shows status

Section 7  ·  Final Design OSAT  ·  Leo Burness  
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