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SECTION

Brief Overview

To address the non-adherence of CPAP machines by providing
a comfortable and functional alternative.
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SECTION 1 : BRIEF OVERVIEW

Understanding the problem

Competitive Landscape for OSA solutions

N’
Tongue ‘:;f
4/ »d

e N
Then what to me was a few seconds &
. s — —
this medical miracle,

Hypoglossal Nen

Key Takeaways - The Core Problem R T Oral Exercises to
OSA occurs because the upper airway in your throat collapses during sleep. ' Treat Sleep Apnea & / :
Dual Failure: The collapse is due to two main issues: S - A | Cuff Electrode

*  Anatomy: The airway is structurally compromised ("already a faulty straw"). : 4

*  Neuromuscular Control: The muscle holding it open (the Genioglossus or "GG

wires") is faulty. . A — B

2. The Key Finding: A Defective Reflex !
*The Experiment's Goal: To see how the "GG wires" work when the airway is stressed. ' e
The Result: When the airway started to collapse, healthy people's GG muscle reflexively e
pulled much harder and sustained the pull to keep it open. T e—
*The Difference: In people with OSA, this defensive reflex was significantly weaker or broken. o

Oral exercises to Help with Snoring and Sleep Apnea

Hypoglossal'\fsnra Stimulation for OSA
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SECTION 1 : BRIEF

Brief — Addressing CPAP Adherence

A more comfortable, less invasive alternative to CPAP therapy. The aim of my project is to improve user
quality of sleep. | will address current issues around discomfort, claustrophobia, noise and restricted
movement that are found with the CPAP device.

| am proposing a multimodal, non-invasive therapy device, that combines

(EMS) to target failing muscles such as the
Genioglossal muscle (tongue), that contribute to many of the symptoms and dangers posed by sleep

apnhoea. The device is designed ,and | will

measure success by improved sleep metrics (e.g., AHI reduction) and enhanced user comfort and
mobility, tracked via embedded physiological sensors (EEG, HR, etc.).

The core functions are:

- Prevent upper airway collapse

- Maximise comfort

- Cause minimal impact on sleep and patient welfare

Section 1 - Brief Overview
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SECTION 1 : BRIEF OVERVIEW

Global scale

The Magnitude

054 s a Global Pandemic: O5A affects
almost 1 billion le globally™ , with
pravalance incre gdue to aging
populations and sity. It's a significant
public health issua.

The Risk

Untreated OSA s a Mortality Risk: Sevara
D54 is associated with a significantly
ncreased risk of all-causa. It strongly
ncreasas tha of hypartansion, stroke,
and cardiovascular events.

The Treatment Barrier

CPAP Adharancea is the Systemic Failure:

Draspita baing the standard treatment, non-
adherence i despread, reachin

somea reports. This undar-treatment results
nworsaned health outcomeas and
ncreased healthca

The Design Opportunity

Currant Masks are The Deasign Flaw: The
problam is oftan not tha science, but tha
poor patiant interfaca. Barriers lika
claustrophobia (felt by f full
facamask usars) and phy | discomfort
ara primary factors that our design solution
must address.
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SECTION

Design Development

Progress since Submission 2 — what changed, and what drove
it.
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SECTION 2 : DESIGN DEVELOPMENT

Gantt Chart
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Early Weeks and Presentation

Preparing for V1 Prototype

V1 (No E-stim intervention) - Testing & Development

V2 (No E-stim intervention) - Redesigning based off learnings of V1
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SECTION 2 : DESIGN DEVELOPMENT

Snap Buttons

Objective: Learn how snap buttons can act as connection point for electronics
systems.
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SECTION 2 : DESIGN DEVELOPMENT

EMG Fabric Sleeve

-
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| am applying the press
button techniques to
SECUre 8 connection
point to my electrode.

Section 2 - Design Development OSAT - Leo Burness



SECTION 2 : DESIGN DEVELOPMENT

EMG Fabric Sleeve
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SECTION

p

DESIGN

DEVELOPMENT

EMG Fabric Sleeve

FRONT

Section 2 - Design Development
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Power Shield (3):
provides power to the
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SECTION 2 : DESIGN DEVELOPMENT

EMG Fabric Sleeve
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SECTION 2 : DESIGN DEVELOPMENT

Agentic Vibe Coding

Openin N@ Explore -1 Fila -1 Searc . s o west v 5

MUSE S CONNECTOR

real-time metrics

Creating an app to
visualize and log
Brainwave, Heart rate
and positional data.

> Task 2 of 3 complete
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SECTION 2 DESIGN DEVELOPMENT

Agentic Vibe Coding

Creating custom software to visualize B i et
electroencephalogram (EEG) wearable data.
vO Vibe coded App for an acer laptop.

. POMER BANDS

Section 2 - Design Development
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SECTION 2 : DESIGN DEVELOPMENT

Dissecting an existing
EEG Headband
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SECTION 2 : DESIGN DEVELOPMENT

Understanding Physics of the skin

Epidermis

Stratum granulosum

Dermis Stratum Spinosum

I Stratum basale
— Hypodermis ||

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.

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

Section 2 - Design Development OSAT - Leo Burness



SECTION 2 : DESIGN DEVELOPMENT

EMG Pillow Development

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.

Section 2 - Design Development

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.

OSAT - Leo Burness



SECTION 2 : DESIGN DEVELOPMENT

EMG Neck Pillow

Objective: Adapt electrode sleeve testing methods to measure submental Utilized a safety-pin assembly for iterative sizing and adjustable fitting. Electrode Integration:
genioglossus activity. 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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SECTION 2 : DESIGN DEVELOPMENT

Genioglossus EMG neck pillow

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.

Objective: Adapt electrode sleeve testing methods to measure submental
genioglossus activity.
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SECTION 2 : DESIGN DEVELOPMENT

Understanding Physics of the skin

EMG Envalope Signal (ENW) — All Electrods Configurations
&0s Protocal: 10s Rest —+ 108 Contract (=3 cyches)

Data Collection
ENV Results

Envelope Time Series

These graphs show the envelope signal
across all five configurations for the full 60-
second protocol. Rest periods are shaded
blue and contraction periods red. Each trial is
overlaid with decreasing opacity (T1 darkest,
T3 lightest).

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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SECTION 2 : DESIGN DEVELOPMENT

EMG — Mic transition.

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

Audio processing will provide the necessary
insights into airway patency for diagnosis

CS INMP441 Omnidirectional
Microphone Module 125 Interface (2 )] | | : . .
MEMS High Precision Low Power Ultra > and profile modelling.

o vy

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

DU e

K
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SECTION 2 : DESIGN DEVELOPMENT

Microphone testing

INMF441

ESP32-Devkit V1 testing with perf-boards and 3D printing. Claude helping Trimming and sanding the parts to enable a clean fit.
structure and code the system.
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SECTION 2 : DESIGN DEVELOPMENT

Microphone testing

Section 2 - Design Development OSAT - Leo Burness



SECTION 2 .

DESIGN

Microphone

DEVELOPMENT

testing

Create a plastic housing for me to test my Microphone set up.

Section 2 - Design Development

Reflection on process:
rping caused misalignment between the pus
and the ES otprint, requiring manuzl post-processing
an acceptable fit. Thiz
| tolerance gap in the CAD model. Future
porate 2mm of additional clearance int:

or this prototype stage, func
uncompromised an esting can proceed

tegrate

nal
¢ fit failure at
f the
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SECTION 2 : DESIGN DEVELOPMENT

Microphone testing

In i3 Col 18 F5PA2 Dev Modsle on MG (32 B

ing & volume th d to trigger

zzing capabilities that achieve

of hreathing patterns
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Prototyping in
Semester 2

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

Section 03 - Prototyping in Semester 2 OSAT - Leo Burness



SECTION 3 : PROTOTYPES

Microphone testing

Section 2 - Design Development OSAT - Leo Burness



SECTION 3 c PROTOTYPES

Microphone testing
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SECTION 3 : PROTOTYPES

Microphone testing

Create a plastic housing for me to test my Microphone set up.
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SECTION 3 c PROTOTYPES

3D Printing

Explore housing for my Sensor Hub

Section 2 - Design Development OSAT - Leo Burness



SECTION 3 c

3D Printing

=File ~ D &«

Prepare $ Preview Zg Device [Z] Project
P (] )

= Printer

-
Lab X1 Carbon Texture... Sync info

Diameter - 0.4 Flow - Standard
() Project Filaments + - &
B} PLA Basic

Process Advanced
0.20mm Standard @BBL X1C

Quality
£ Layer height

Layer height

Initial layer height
[F] Seam

Seam position

f§§; Advanced

Only one wall on top
surfaces

Only one wall on first layer

o
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PROTOTYPES
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SECTION 3 c PROTOTYPES

Prototyping
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SECTION 3 c PROTOTYPES

3D Printing

Explore housing for my Sensor Hub
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SECTION 3 : PROTOTYPES

3D Printing

Explore housing for my Sensor Hub

Section 2 - Design Development OSAT - Leo Burness



SECTION 3 c PROTOTYPES

3D Printing
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SECTION 3 : PROTOTYPES

Sensor Hub

Section 2 - Design Development OSAT - Leo Burness



SECTION 3 c PROTOTYPES

3D Printing

Explore housing for my Sensor Hub

Section 2 - Design Development OSAT - Leo Burness



SECTION 3 : PROTOTYPES

3D Printing
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Explore housing for my Sensor Hub
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SECTION 3 : PROTOTYPES

3D Printing
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SECTION 3 c PROTOTYPES

3D Printing

Explore housing for my Sensor Hub
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SECTION 3 : PROTOTYPES

3D Printing

Explore housing for my Sensor Hub
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SECTION 3 c PROTOTYPES

Design Pivots

Section 2 - Design Development

Updated Design

What I've changed and why:

after consulting with ergonomics experts
Prof. Mike Fray and Prof. Simon Hodder, |
pivoted the design to solve for stability and
heat regulation.

By using the chin as a fixed anchor point,
eliminated the risk of the device shifting to
ncorrect neck areas. Additionally, | moved
away fram a bulky "neck pillow” style to
mprove thermal management and prevent
the device from twisting overnight, which
would lead to misplaced EMS.

The electronics will be placed in the chin

cap and reach underneath the chin to the

submental triangle where they will deliver
the EMS.

Google Gemini Prompt: Generate me an image
of @ man wearing this product. it is a plastic cap
with straps attached to it. The middle of the cap
is made from plastic and the straps are neoprene.
Show this from the angles found in the drawings.
Frofessional lighting.

OSAT - Leo Burness




SECTION 3 c PROTOTYPES

Prototyping

Section 2 - Design Development OSAT - Leo Burness



SECTION 3 : PROTOTYPES

Prototyping

Section 2 - Design Development OSAT - Leo Burness



SECTION 3 : PROTOTYPES

Live Mic/ Positional Data Visualisation

Sleep

RESTRICTED AIRFLOW o

1m 17%

1,626,750

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

Section 5 - Volumes OSAT - Leo Burness



SECTION 3 : PROTOTYPES

Data Visualisation.

SLEEPFREE

Snoring vs. Sleep Apnea?
(Real sounds explained!)

(And How to Snore Less)

Y of people with sleep apnea snore

of people who snore have sleep apnea “# /1

Here we see the audio pattern of snoring (Above) and sleep apnea
w) Snoring is frequent and constant spik rereas sleep
apnea has long gaps of silence the airway is blocked, followed

by a loud unb ing when the a y does start to ocpen slightly

What To Do
1.Measure with Snorclabs
¥ 2.Decide and Act (Nasal breathing, mouth t ape, positional therapy)  again.

3. Re-measure!

Section 2 - Design Development OSAT - Leo Burness



SECTION 3 : PROTOTYPES

Prototyping
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SECTION 3 : PROTOTYPES

Progression of prototypes

HaRuEn R o
L el .

4
IE=——agas

Each prototype tied to a specific design question. Folio carries the photo evidence.
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SECTION 3 : PROTOTYPES

Progression of prototypes

Section 3 - Prototypes OSAT - Leo Burness



SECTION 3 c PROTOTYPES

Progression of prototypes

I‘I
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SECTION 3 : PROTOTYPES

Progression

Section 3 - Prototypes

of prototypes

Final prototype

Here we see some
experimentation for different
display models. Clocks, Live
Biometric displays, a calibration
mode. A microphone mode to
record.

OSAT - Leo Burness



SECTION 3 : PROTOTYPES

Progression of prototypes

Section 3 - Prototypes

OLED
Toutchscreen

Here Im.
creating a fitting for the screen.
Modifying small details to ensure
a snug fit.

OSAT - Leo Burness



SECTION 3 c PROTOTYPES

Progression of prototypes
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SECTION 3 : PROTOTYPES

Progression of prototypes
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SECTION 3 c PROTOTYPES

Progression of prototypes
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SECTION 3 c PROTOTYPES

Progression of prototypes
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SECTION 3 : PROTOTYPES

Progression of prototypes
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SECTION 3 : PROTOTYPES

Progression of prototypes
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SECTION 3 c PROTOTYPES

Progression of prototypes
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SECTION 3 : PROTOTYPES

Progression of prototypes
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SECTION 3 c PROTOTYPES

Prototyping

Section 3 - Prototypes OSAT - Leo Burness



SECTION 3 - PROTOTYPE

Screen Display

5wl
e
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SECTION 3 : PROTOTYPES

Progression of prototypes

t®

P5

Final prototype

/ End-to-end demonstrator
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SECTION 3 : PROTOTYPES

Progression of prototypes

Section 3 - Prototypes OSAT - Leo Burness



SECTION

User Evaluation &
Testing

How we tested, who took part, and what we learned.

Section 04 - User Evaluation & Testing OSAT - Leo Burness



SECTION 4 c USER EVALUATION

Methods & participants

User Testing

Ergonomics

Prototype Stability after 10 rolls on
Number bed

1 ] 3 3 -slipped Slippin

Tangled in hai

0 -Slips down neck

Section 4 - Methods & Participants
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SECTION 4 c USER EVALUATION

Methods & participants

Section 4 - Methods & Participants OSAT - Leo Burness



USER EVALUATION

User Test

4

SECTION

ing

Leo Burness

OSAT -
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SECTION 4 c USER EVALUATION

User testing

Section 4 - Methods & Participants OSAT - Leo Burness



SECTION 4 c USER EVALUATION

User Testing

>
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SECTION 4 c USER EVALUATION

Methods & participants

Section 4 - Methods & Participants OSAT - Leo Burness



SECTION 4 USER EVALUATION

What it does — and what it does not

Prototype Comfort/ 10

Number

uncomfortable.
But the chincap
is comfortable.

5 -loose but not
annoying

Section 3 - Final Prototype

Time taken to
wear

Stability after 10 rolls on
bed

0 - slipped onto mouth

9 Solid stability - seems
thereis a trade
between comfort a

arah

stability.

ff occurring

The single strap
configurations have a

6 - Device is falling down the
neck.

ot noticed how to divide the
eate the halo support mec

When the tension is pulled through the plastic chincaps
nearer the front of the chin the product remains more
stable and isn't moved by neck pressing into it so much.
The force must concentrate through the anchor point of
the chin and not be pulling to hard against the squishy
bits of the neck.

chin didn't fit

Slight sharp digging inte neck but barely noticeable.

OSAT - Leo Burness



SECTION 4 : USER EVALUATION

Prototyping

Section 3 - Final Prototype OSAT - Leo Burness



SECTION 4 c USER EVALUATION

Chin Pillow

Section 4 - Methods & Participants OSAT - Leo Burness



SECTION 4 c USER EVALUATION

Key findings

WORKED

Comfort & fit

WORKED

Small Chin Pillow

MIXED

Many designs fell off

NEXT

Embedding electronics

Section 4 - Key Findings

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

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

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

OSAT - Leo Burness



SECTION

Design for
Manufacture

Commercial production — volumes, materials, processes,
costing.

Section 05 - Design for Manufacture OSAT - Leo Burness



SECTION 5
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Materials & processes
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Leo Burness  15/05/2026
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Section 5 - Materials & Processes
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SECTION 5 : DFM

Bill of Materials and cost build-up

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

Headwear sub-

£32.65 £16.47 £8.99
total

Bedside dock
sub-total

System COGS
(factory gate)

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.xIsx. Headline tier table:

Per-line breakdown at the 100k tier:

Section 5 - Materials & Processes

Cost line (£/unit, 100k)

Injection-moulded shells
Tooling amortised
PCBA (4-layer, SMT, test)

1.28" round LCD +
CST816S touch

LiPo 600 mAh +
protection

USB-C 5V/1A wall PSU
Vibration motor (haptic)

Strap + textile electrode
assembly

Final assembly + EOL
test (labour)

Cabling + dock contacts

Packaging (shared box,
insert, manual)

Indirect overhead
allocation

Other NRE amortised
(cert, EMC, fixture)

Sub-total COGS, 100k
tier

Headwear
0.55
0.30
8.50

Bedside dock
0.90
0.20
4.50

5.20

System total
1.45

0.50

13.00

5.20

1.55

1.80
0.42

2.10

2.30
0.30

1.10

1.20

0.85

£31.77

OSAT - Leo Burness



SECTION 5 : DFM

5.1 Commercial manufacturing strategy

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 Ila MDR submission. The V2+ therapeutic
configuration is explicitly framed as a future regulated route under UK MHRA Class lla;
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.

Section 5 - Materials & Processes OSAT - Leo Burness



SECTION 5 : DFM

5.7 DFM reflections and simplifications

Three consolidations were carried through &0 '

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.

Section 5 - Cost & Retail OSAT - Leo Burness



SECTION

Final Design Proposal

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

Section 07 - Final Design Proposal OSAT - Leo Burness



SECTION 7 : FINAL PROPOSAL

OSAT — the final design

Section 7 - Final Design OSAT - Leo Burness



SECTION 7 : FINAL PROPOSAL

OSAT — the final design
-y
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 'BST - London
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SECTION 7 : FINAL PROPOSAL

OSAT — the final design
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