PRODUCT & SYSTEM




Introduction

> 25 years of product development experience
- Naval Undersea Warfare Center
Mechanical Design Engineer/Analyst
Exercise Torpedos / Countermeasure sub-systems / Shock&Vibration
- Bose Corporation
Mechanical Design Engineer
Program Manager
Product Architect / Lead System Engineer
Research Team Leader (ANR Sub-System)
Category Lead System Engineer

BSME University of Rhode Island
MSME Worcester Polytechnic Institute - Dynamics and Vibrations






A Few Product Examples




Product Development

Start — .

Goal

Progress



Product Development
Reality

Start
Goal

Progress



Basic Development Process

Product and System Design Fundamentals to Help
Get off to a good start !

Product Technology Proof of Concept Design
Vision Exploration Concept Build Phase Validation

Process Mass Customer Continuous
Qualification Production support Improvement




Product and System Design Fundamentals

01| Requirements Management
Understand What Customer is Asking for
Convert to Engineering Requirements (System and Component)
Map out “How to Know When You’ve Succeeded” (How/What to Measure)
Track It !

02 | Design Approach - Getting Started
System Partitioning
Develop Integration Plans (Dependencies, What comes first/second)
Execution Cycles (Design, Build, Test)

03 | Tradeoffs
Identify Conflicts / Possible Friction Points
Best Practices
Decision Tools
Examples

04 | Real Life Examples
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01 Requirements Management

High Level Customer Facing Needs / Goals (THE WHAT)

MITOS

1. It should measure the local weather, at least temperature and humidity and
ideally also sun exposure and ground surface temperature and air pressure, all
with dynamics appropriate for the use case.***

o

It should be able to measure how many people are in the area passing through
(e.g., foot traffic) and lingering.***

w

It should operate without being connected to line voltage. ***

It should rtable and at
r environments on tk

f various dimensions

o be set up by an average
MIT campus, including on a

on in a variety of
i or attached to

It should be able to be physically attached to a HOBO MX2302A data logger.*

o

It should report faults, such as battery failure, falling, vandalism, etc.**

o

It should be as inexpensive as possible. *

8. Data from a sensor node should be able to be tied to a location. ***

9. It should maintain privacy. ***

10.It should operate independently without user intervention for 2+ weeks. ***

11.It should be rugged and able to withstand a summertime Boston
environment (heat, rain, wind and curious people). ***

12.Multiple systems should be able to be used simultaneously. ***

I-time
wnloading of raw data

the information on a dashboard (with r

13.The system should ¢

outputs to a dash

ard if possible), and also allow do

Sentimet

Miami-Dade

1. It should measure the "heat experience" at each bus stop, at least temperature
and humidity, but also could include air quality, all with dynamics appropriate
to the use case.***

2. It should be able to measure how many people are waiting, and for how
long. ***
3. It should operate without being connected to line voltage. ***
t should be installable by a technician, and shoul hias
5. It should report faults, such as battery failure, falling, vandalism, etc.**
6. It should be as inexpensive as possible. *
7. Data from a sensor node should be able to be tied to a location.***
8. It should maintain privacy. ***
9

It should operate independently without user intervention for at least a
month. ***

setup, and operation in the

10.It should be rugged and able to withstand s

Miami-Dade environment

11.Multiple systems should be able to be used simultaneously. ***

rate data from Swift.ly and present that ir

il way. ***

12.The system should inco ‘ormation

to the operator in a

Mostly the same...could make one overall system, or two slightly different systems

Make sure you understand what is desired
Understand Priorities (Need vs Would Like)

Write Them Down !!

{Control Module Requirements:

1
5

w

©

Size <= AHX
Dual Volume Control
a. Thumb Wheels — analog potentiometers
b. IndependentL &R
c. 12dB range (same as AHX)
d. By-pass controls and set volume to max when no power (passive)
e. Knobs need to be protected from inadvertent operation
f. Knobs need to be able to be used in tandem or independently (closer
together than AHX)
g. There needs to be visual indication of volume level of each channel
(numbers on wheels, ramp/wedge)
Auto-off is required (same method as current AHX)

Indication of battery life (fuel gage)

a. Similar to AHX — 3 levels minimum

b. Colors, # of lights, placement are TBD but WL can copy AHX for now.
Dual Power supply

a. Install version will be able to be powered from either batteries or panel.
Aux jack for audio only — no cell

a. Only for headphone interface

b. Inactive in no-power mode — make it prohibitive
Prioritization

a. ICS over audio jack

b. Over-ride switch — location TBD (UI)_Dip or on main control

¢. No priority for blue tooth
Auto-sense stereo / mono

a. Need override switch

b. Need traditional switch as well for passive operation and when gveriride is

on




01 Requirements Management

Convert to Engineering Requirements (THE HOW)

Customer Need:

Best-in-Class Audio Quality

Component Req Speaker:

1. 40mm diameter speaker
2. R=32+/1 Ohms
3. Sensitivity 110 +/- 3 dBSPL/V
4. THD < 1%
Engineering/System Requirements:
Frequency Response matches Bose target within 2dB Component Req Output Ampilifier :
Maximum Loudness must be 97dBA-100dBA 1. Ripple/Noise <
Noise Floor must be less than 28dBA 2. THD <

NOOAWN

Linear THD levels must be less than -40dB 3. Output Voltage
Non-linear THD levels must be less than -20dB

No noise greater than -60dB during frequency sweep

No audible pop or click during state changes



01 Requirements Management

Convert to Engineering Requirements (THE HOW)

Customer Need:

What happens when it’'s something new / no clear line to engineering requirements ?

Use Benchmarking
Find products doing something similar - even if it is for a different purpose or function
Use them in the real world and characterize what you can in the lab
Develop a sense for what may be important

Develop your own ideas for other objective measurements

Plan on less conventional metrics for success
Field testing, Subjective Evaluations to tie back to objective measurements



01 Requirements Management

Define How you Measure Success (THE HOW cont.)

Engineering/System Requirements:

1.  Frequency Response matches Bose target within 2dB
2. Maximum Loudness must be 97dBA-100dBA
3. Noise Floor must be less than 28dBA

Engineering/System Requirements:

1.  Frequency Response matches Bose target within 2dB
a. Raw Acoustic Measurements on Fixture XXX plus EQ Simulation
b. Full system measurements on Fixture XXX
c. Subjective Evaluation
2. Maximum Loudness must be 97dBA-100dBA
a. Simulated system output using acoustic model with speaker specification
b. Full system measurements on Fixture XXX per EU Standard YYY
3. Noise Floor must be less than 28dBA
a. Subjective evaluation of bread-board prototype vs benchmark
b. Full system measurements on Fixture ZZZ per procedure 123



01 Requirements Management

Define How you Measure Success (THE HOW cont.)

Engineering/System Requirements:

1.  Frequency Response matches Bose target within 2dB
2. Maximum Loudness must be 97dBA-100dBA
3. Noise Floor must be less than 28dBA

Engineering/System Requirements:

lus EQ Simulation

| with speaker specification
r EU Standard YYY

3. Noise Floor must be less than 28dBA
a. Subjective evaluation of bread-board prototype vs benchmark
b. Full system measurements on Fixture ZZZ per procedure 123



01 Requirements Management

1

Track it

L

Documented

THE HOW cont.)

2 |Reg.Para.#
ik

121

Reguirement

Insp. P{ra. #

REQUIREMENTS

The talk-through circuit shall provide at least 240 hours
fransmission in a 90 dB, 1 KHz noise field using a fresh
battery

/A, \

No

Notes JJ

122[324

Acoustical Characteristics

MNIA

123[32.41

124

125

Frequency Response

In the Intercom or Low Power Mode, with the headset
mounted on a simulated real head fixture (mannequin), the
headset at 22°C, 50% RH shall preduce an acoustic
frequency response that fits within the limits identified in
Figure 1 of PRFA3261202 when driven by a -10 dBV input
audio signal when measured in 1/3 octave frequencies
between 300 Hz and 4500Hz and corrected for the diffuse
field response of the fixture.

In the Unpowered Mode, the headset at 22°C, 50% RH
shall produce an acoustic frequency response that fits
within the limits identified in Figure 1 of PRFA2261202
when driven by a -10 dBY input audio signal when
measured in one octave frequencies between 300 Hz and
4500Hz and corrected for the diffuse field response of the

423417

Test method similar to FAT methods, but
different equipment used

Test method similar to FAT methods, but
different equipment used

1263242

127

128

Output Level

The headset at 22°C, 50% RH shall produce an output
level of 106 + 2dB SPL corrected for the diffuse field
response of the fixture for a 0+ 0.1 dBY input audio signal
at 500Hz when in either the Intercom or Low Power Mode.

With the headset in the Unpowered Mode, the output level
shall be 94 + 4 dB SPL corrected for the diffuse field
response of the fixture in the octave around 500 Hzfora 0+
0.1 dBV input audio signal.

423412

Test method similar to FAT methods, but
different equipment used

Test method similar to FAT methods, but
different equipment used

1293243

130

131

Harmonic Distortion

The harmonic distortion of the earphone assembly in Low
Power and Intercom Modes shall not exceed 5% for a0+
0.1dBY input at 500 Hz and it shall not exceed 10% with the
input adjusted for an output of 100 dB SPL at 500 Hz and
then swept from 300 Hz to 4500Hz

The harmonic distortion of the earphone assembly in
Unpowered Mode shall not exceed 5% for a -6 £ 0.1dBY
input at 500 Hz and it shall not exceed 10% with the input
adjusted for an output of 94 dB SPL at 500 Hz and then
swept from 300 Hz to 4500Hz.

423413

132[3244

133

Earphone Linearity

From an initial output of 85dB SPL, the output shall remain
linear to within + 2dB for an increase ininput of 10 £ 0.1dB
and +3dB for an increase in input of 20 + 0.1dB.

423424

Design analysis based on prior art

Compliance:

Pass
Fail
Unknown

Method:

Formal Test

Eng Eval
Simulation/Analysis
Inspection / Subjective

Documented:

Yes
No



01 Requirements Management

V Model

Customer Level
Requirements

System Level
Design Requireme

System Level

Subsystems

tem Level
Design Requirements

Configuration ltems

Assemblies

All Design Requirements Complete

SFR = System Functional Review TRR = Test Readmness Review
POR = Preliminary Design Review SVR = System Verification Review
COR = Critical Design Review
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02 Design Approach

System Partitioning

Discover
Advance y
z ~ Develop/Integrate "9”’

Break into Pieces Mature Individual Elements Put it all Together



02 Design Approach

System Partitioning

PLUG_Boom_Mic

< |

Control Module

> To Earcup Assambly

i EC_VCC
J‘ 1 1 3
Mic_High 1 1 1 Mic_High
Mic_High ™ 2 .
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3
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02 Design Approach

System Partitioning

Gontrod Modul 2 i
M2. Left EarCup Electronics T
Vo Passive
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 Audio
i s A e i [ ” Controler
H i
i i
3 st Audio EQ 1
Aud_LeRt = : = [
2 — Passive ! o
Aud_Right ; e
b b i Feed Fwd
a S i Compens
EC_GND L8]} Audio EQ }
y Active 2 1
' AMP4 [ AMPS
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i
il Audio EQ \I !
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i
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: : L
? e = 51 ?E/FF Mic
LS1  System Mic
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EC aND AT
T
M3. Right EarCup Electronics
[N_EC vce i
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EC_Audio Right | |
JFET_NegBIAS : !
8 EC_GND : ‘I
7
| I




02 Design Approach

System Partitioning

Signal Flow for One Cup

FB MIC
Di ieTea | Km3-7TBE
FF MICs
Di 10d8 ADC K {3 -7 BQ)
Fs=384KHz
LINE IN
—LINE [N—  -8dB. 8P ADC 1PTBQ Keq 7 BQ's

Passive
Audioc

F==D8KHz
Fs=48KHz




02 Design Approach

System Partitioning

Input

™

Cup

Kf (3 -7 BQ)

DC Blocking
Filter

Zero=0Hz
Pole = 0.7 Hz

Acorn Ready
Kfb w/
3 Sample Delays

Controler

Qutput

Gds Data P\ —P /MIC Roll —P>
Up
Measured Remove WL1 Best = 0.5Hz
Data w/ Nominal Low f Nom = 1.0Hz
Nominal . =
Microphone Dynamics Worst = 3.5Hz




02 Design Approach

Design Sequence - What Comes First ?




02 Design Approach

Design Sequence

22 .400 T

&5

&

AN

1=2.256

EAR TO TOP OF SYS-MIC

FRONT VOLUME: 74 CC (COMPRESSED CUSHION)
REAR VOLUME : 8wl G (7.7 TARGET FROM
PROTCO 12 MEASUREMENT)




02 Design Approach

Design Sequence

1=2.256

EAR TO TOP OF SYS-MIC

FRONT VOLUME: 74 CC (COMPRESSED CUSHION)
REAR VOLUME: 8.1 CC (7.7 TARGET FRCM
PROTCO 12 MEASUREMENT)




02 Design Approach

Design Sequence

—




02 Design Approach

Design Sequence and Integration Plans

Challenge:

3 Products in parallel, 1 team, share common core parts and algorithms

ANR, Continuous Use
Communting/At Work

Light Activity

r

1ot

|
\_/

Non-ANR, Espisodic
Music On-The-Go
Moderate Activity

1 F

|
__/

Non-ANR, HR Sensor Espisodic
Sports Enthusiast
High Activity




02 Design Approach

Design Sequence and Integration Plans

Top Level Program Components
Feb Mar Apr May

Product Development Phase 1: Pre-Development

Avalanche Products ID0.4 ID 0.6

Form Factor
Chosen ‘

Platform

1111

Technology Development

Sensing Platform
Form Factor

Comm Mic Selection
BT+ANR
ANR/NonANR Earbud
Sotto Compatibility

Stetson Compatibility

Supplier Development

Flextronics QuickStart

Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar
Phase 2: Development and Launch

DP Alpha Beta SopP

Separate, but coordinated technology development

efforts will be runningin parallelduring Phase 1. The
purpose of each is to feed the Platform and product
efforts with critical input needed to move forward.

Individuals working on these teams will in some cases

then integrate into the development phase work, but in
most cases will complete their work at the end of the pre-
developmentphase.

A separate team will begin working with Flextronics
immediately to build a DPO system comprised of tooled
QC20 earbuds and cable, a simple but compact version of
the Wolfcastle/Rushour electronics and a 3-button
switch/microphone housing with cost reduction
considerations.

Apr

May

SOs
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03 Tradeoffs

|dentify

Experience Helps - But what if | don’t have that ?

Study Full Requirements - Sometimes need to hunt

Create Block Diagrams and Sketches - think through the whole problem
Use Common Sense

Trust your instincts

Don’t Forget Cost and Time

Ask and challenge your teammates and colleagues

Common Asked for Conflicts at Bose:
Long Battery Life / Small Size A
Heavy Re-design / Low Cost
More ANR Performance / Better Comfort
New Components / Cost and Effort



03 Tradeoffs

Best Practices - Avoid Guessing or “Opinioneering”

Gather Information - Objectively!
Understand Goals and Priorities from Stakeholders

Quantify!!!
What are the Benefits? (Customer and Company)
What are the negative consequences?

\ - .
2. HN@

»

Always include Cost and Time

Q-} § —~



03 Tradeoffs

Best Practices - Make Robust Decisions

Use severity and likelihood
To weigh benefits / costs accordingly

LKELY POSSIBLE

MAJOR INJURY &

LIKELIHOOD

UNLIKLEY

SEVERITY

MINOR INJURY

4
Project the full scenario(s) into the future

What happens if it goes as planned
What if it doesn’t?

Create contingency
plans in advance!!

—
Maintain a “Plan of Record” ...
If “X” happens, | will do “Y”

Allow structured disruption
Document your rationale !!

e
—
| S

£
ﬁl
L8



03 Tradeoffs

Decision Tools: Simple Tables and Scoring Matrices

Leading Options for Delivering Roadmap

Plausible with significant rizk

B 1 ot et re e et

Time and Resource Constraints
Plausible path to delivery within currentéespected GR&D

resource and skill set constraints

Product B

Fiens simultaneous work
on ANFZ, AR, and

Option 2
Product & Spring C15, Product B Fall C¥15, TWIEAT
Prodout 1= ETSOCT+ AMRI

Froduct B (rizky mecting Dict
1), Banded has timing
flexibilk

Froarrimultar oo Larleon BHAT
and BTS00, Much afthe
BTS002 cadewillbe derived
framETS0C1 s de. [RFC]

Attribute

Overall: The ability to attract interest (perception)

mary Considerations Product 2= ETSOCZ « ANRT
TWIES & TWOE!E = BTSOC2 (AN TBD] Wariant Small Small Mledium Large Small Tedium Large
Adequate Smart Features| Product & Teed ba finish work
(ML) From ANRT and | Product B assessing BTS0C2
ETS0C Mercury TWIEMTWOEZE HiFi4+ML capability vs Appeal (ave) 20 27 28 23 10 a5 20
Analsiz) - new ML smart slgas.
features like Spesheasy
enabled for Produet B 2025 TWIE: Adequate Comfort (ave) 33 33 52 39
Smart Features [non-bL) @
Enhanced spatial sudic from ANRT and BTSOCT, =
) . and enfianeced [firbys) Coarditf i adequate spatial &

Delivers Key Features and Experiences e audic, Art's on BTSOCH 5 Sport Stability (avg) 28 34 86 25

Product B or ather incremental
woice IMprovements are
2025 TWIE: Cardiff i= adequate. Ease of Use (avg) 3.0 3.0 3.0 5.0
adequate spatial audio,
Arbus Lite on BTSOCT ar i
other incremental voice Fealdbility (el =2 =58
improvements are
TWIEFTWOE26 adequate

TWIETWOEZE \ 7
Produst £ Praduct £ BTSOCZ costing coming
CostiSizelPower el i
i 7 TWIETWOE2E TWIEITWOE2E Expecting BTSOCZ to
Ability tor deliver key pradust requirements
ostmore than BTSOCT = z
Litees i Dogtag - Split Dogtag - Single

Silicon Readiness

Froduction imingtstatus s Bose development schedule

TWIEFTWOEZE

Supply Chain and Support

Risk assaciated with path to Production Famp and

sustaining

“One Bose Platform™

Entensibility towards desired LAY and GRE&D Goals

ANRZ s 2boot & months
shead of BTSOC2.
BTSOCis is wel
established.

ANF ready March 2023,
[RFC]

Hew supplier For ANFZ

Dioes not align with "One
Bose Platiarm”. [FFC]
‘Warking to minimize
number of permutations
inthe platform roadmap
and mazimize SwiHW

reuse.

Product B
TWIEITWOEZE

ETS0CE silicon timing
vs. Praduct B CO/IC
[Timing sk i for 0!
[RFCT

Tirning risk of Product B
delay is understood by
product office

Eoth ETS0C and AHF:
chip suppliers are well
positioned to support
Takes us towards
reduced number of
Gompute platforms, and
opens up the possibiity
of a single-IC solution far
TWIETWOE

Form

Factor Avg

3.0




03 Tradeoffs

Decision Tools: More Complex - Step 1/3 Work Through Priorities

~ CRITERIA TRADE-OFF

o 5
$ & S 2 &/ &
/e 4 >
CRITERIA MATRIX £ 3‘1‘§8§@§ £ /&S o-f /875 ad. & A8
Description or Clarification Sy afans SIS S £ Ky gl? §/ /88
&S S S SETE 5 S S &/ FES
& S8 /8 g/ FlE/aS
£ £ /& s s/ E &
A 3 VAR VA £
& X &
ANC Perf E E T Eoa AR X
Audi Compared o campetitine Banchmarhs
e [xxEAAJ i —| X
Voice Piok Up “oice Fick Up comparcd to benchmarks
showing Bose necding improvement = 7 X
Physical Size Diszirability and sizs of sarbud relative ta
(Wearabilicy) goal f being better than cxsting = =4 X
Battery Life Cvarall Funtime - banchmark iz 6 howrs.
(Wearability) —|1 1 1 X
Comfort (Wearability] | Lengterm Combart - Benchmark iz 3 hours
— = |—| = | X
Stability ! Fit Etabl and Fit of Population vs Bose
(Wearability) e Ly == = = | = |4
UX - On Product Yol E benchmark and Uzer Research
"
w i I e R | x
UX - New Features :b\_u ta deh\;\;l[nuw lu_alur_ef nlum rucu:l
rainztorm, Minimum i crtical massthen |z =
R AE = LT = R
Aesthetics ¢ 1D icually different from swicting
—|=[1t]|=l=1|1|=|=|X
Development Time | Basling ic 24 menths - bettarimores etc
—l=|t|t|=|t|t|=|=|= X
Development Cost Dwerall Spend te develop
(roole aconrcss,capital otc) —l=5 i b=l 5 l=l=l=]| i X
Product Cost BOM Cost
— =«—<—<—<—<—<—<—<—<—‘—X
Sets up Nest AEIlty oF thiz product to 52t the table for
Product in Portfolio | Product = e T T T T T T T T T T T X
Total 4 ] w]w]s]=21]za]2]7]3[s[2]25]3]0a
RankiPriority 2| 7] slalJw|s|zlu]ln]s]e]|al1]is
Weighting 2w | B | 9 | 10| 4% |12 | 13 ] 1 | 4z | T | 8% | Tx | Mx | 2%




03 Tradeoffs

Decision Tools: More Complex - Step 2/3 Develop Scoring Definitions

r

e

Attributes Ranking Definitions

Ranking Division

Criteria Definition
5 4 3 2 (Discretionary) 1
Equivalent/ Competitive but
Comparable worse
More than -
: == +3 dphons +/- 2dphaons - 3-4 dphons
ANC Perfarmance il dphons- Bene s (Noticeably better | (Comprable to (Comparable to i s
Bose IE ANR : (Warse than
than Bose A) Bose A) Competitor B)
Comp)
s Obvious Most customers | Many customers Obvious
: Compared to competitive 1 : o,
Audio preference for don't notice any | prefer competition preference for
benchmarks (X,Y,Z,AA) : e,
Bose difference and can say why competition
Amaong best at : : : .
Woice Pick Up compared to Amo”g I_E!es_t E noise rejection, Dlstractlng_ Dlstractlng_
: : ; noise rejection : . background noise background noise
Voice Pick Up benchmarks showing Bose voice artifacts : : 2 :
3 AND among best OR distracting AND distracting
needing improvement : . present but non- ; : : :
at voice artifacts distracting voice artifacts voice artifacts




M =] 15 u £ 2 = H o K £ "l N o Ll =] M HE M HU
= = " &
& £ C g g/ g g
o s /., 55 g g
g 3 /85/es/ e/ 5/5/3/5/8/8/3
P& 5 R L5 8 s ¥ E]ELE ST
& S /88 /gs] 5 /82 2/s/ 3/ 83 /328
oS = e = e B
g /< § S &/ 4 g
15 o 2 @
Priority | 12 T B 4 10 3 2 14 1 8 6 9 1 13
Total . .
Idea Weight | Weghied | MO REGlEd | NE=OTE
2% 8% 9% 10% 4% 12% | 13% 1% 4% T 8% T% 14% 2% Score
Concept A Form 4 4 4 3 4 3 4 4 3 4 3 4 4
1260 battery
New Stability Feature 53 360 1 1
Platform=BTSOC1+ANR2
| Concept A Form 4
1260 battery
New Stability Feature 50 365 3
Platform=BTSOC1+ANR3
Concept C Form 3 4 4 4 3
10XX battery
New Stability Feature 48 352 a
Platform=BTSOC1+ANR4 i
Concept D Form 3 4 4 3 3
1260 battery, New driver
New Stability Feature
Platform BTSOC1+ANR2 > 260 2
4 4 3
48 3.57 4

simone Concept E

1260 battery, New driver

New Stability Feature
Platform BTSOC1+ANR4
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01| Requirements Management
Understand What Customer is Asking for
Convert to Engineering Requirements (System and Component)
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02 | Design Approach - Getting Started
System Partitioning
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04 Tradeoff Example - Comfort & Noise Cancellation

Main parameters =
T
Cup volume V 5 y; —
Cup mass M o e -
c
Combined cushion & flesh compliance C § 4 Transmission
Seal
Clamp force F & cushion design
Shape c?f ’Fhe head (leaks) | c s Seal, F
Transmission through cushion Z Zz >
S ~125Hz Frequency (f)
Transmission through cup

Through cup

Cc

Radial “

Leak Facial skin



04 Tradeoff Example - Comfort & Noise Cancellation

Back Back A
Front Front ™)
Volume Volume 2
S
N 5
- (]
an ol <
~ Baffle ™ Baffle
4 Passive Attenuation ¥ Passive Attenuation
¥ Active Attenuation 4 Active Attenuation
4 Clamping Force ¥ Clamping Force

¥ Comfort 4 Comfort



04 Tradeoff Example - Cost/Time vs Performance

Challenge:
3 Products in parallel, 3 core use cases
1 team, share common core parts and algorithms

A B C

t 1 F 1

h |
_ _

ANR, Continuous Use Non-ANR, Espisodic Non-ANR, HR Sensor Espisodic
Communting/At Work Music On-The-Go Sports Enthusiast
Light Activity Moderate Activity High Activity




04 Tradeoff Example - Cost/Time vs Performance

Everything at the Ear

Time / Cost / Sharing
Battery Life

Comfort

Stability

Smallest Earbuds

00 @0
oY ok
(Y Y Yols

Time / Cost / Sharing
Battery Life

Comfort

Stability



04 Tradeoff Example - Cost/Time vs Performance

Everything at the Ear Smallest Earbuds

Time / Cost / Sharing
Battery Life

Comfort

Stability
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This approach for B&C This approach for A
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Smallest Earbuds - Where does everything else go?
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04 Tradeoff Example - Cost/Time vs Performance

Attribute Benchmark Scale 1-5
QOverall: The ability to attract interest (perception)
WVariant Small Medium Large Small Medium Large Small Small Medium Large Small Medium Large Small Medium Large
= ST - 1
Appeal (avg) 27 28 23 3.0 35 | 30 32 20 | 2o _:gﬁj 3.0
Comfort (avg) 33 32 29 28 31
=
Sport Stability (avg) 34 36 . 33 3.1
Easze of Use (avg) 3.0 3.0 3.0 19
Scalability (avg) 20 | 32 34 32 27 32 32 3.0 3.0

X | O

+ + ¢ @

Chorus Dogtag - Split Dogtag - Single Lester Pendant Uber Pendant Uber Clip At Ear W/ Neck

;033 28

Form
Factor Avg

o [za 2o [N s 30




04 Tradeoff Example - Cost/Time vs Performance

ANR, Continuous Use
Communting/At Work
Light Activity

B

Non-ANR, Espisodic Non-ANR, HR Sensor Espisodic
Music On-The-Go Sports Enthusiast
Moderate Activity High Activity






