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Abstract

[ Rhythm Reloaded ] is a teamadéctrical and computer engineering students at Calvin College
participating in a yealong senior design projectThe team aims to design an electronic stethoscope

that records, filters, stores, and transmits to a computer audio data from a medicahpatBame

electronic stethoscopes currently on the market have a few of these features, but none of them

combine all of the features into one coherent package. A survey of the medical community has
indicated that medical personnel would respond favorablyhe proposed device. The team has

decided to design a microprocesswntrolledprototypei K & NXzy & >/ f AydzE & AdG& 2
device shall make use of a an LCD module, button interfaces, hardware CODEC, electret microphone,
flash storage, md USB interface. A budget has been created that the team will meet. The many project
tasks have been assigned to different team members and scheduled throughout the year. Based on the
planning and design work completed in the first semester, the teantlades that this project is

feasible.
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Glossary of Terms and Abbreviations

Term or Abbreviation Definition
ADC Analog to Digital Converter
ASIC Application Specific Integrated Circuit
Auscultation The technique of listening to specific characteristics of body sounds
BDM Background Debug Module
BGA Ball Grid Array
BOM Bill of Materials
Chest Piece The part of the stethoscope placed on the patient during auscultation
CODEC Encoder/Decoder
COTS Commercial Off the Shelf
DAC Digital to Analog Converter
DDR Double Data Rate
DMA Direct Memory Access
DSP Digital SignaProcessor / Digital Signal Processing
DSPI Master/Slave Seriel Peripheral Interface
DW DornerWorks
eMAC Enhanced Multiply and Accumulate
EMC Electromagnetic Compliance
EMI Electromagnetic Interference
FDA Food and Drug Administration
FET FieldEffect Transistor
FIR Finite Impulse Respores
FPGA Field Programmable Gate Array
GNU Db! Qa b2d ! yAE
GPIO General Purpose Input Output
GPL GNU General Public License
HIPAA Health Insurance Portability and Accountability Act
HMI Human Machindnterface
IDE Integrated Development Environment
IIR Infinite Impulse Response
JTAG Joint Test Action Group
LCD Liquid Crystal Display
LED Light Emitting Diode
LiHon Lithium lon
NiCD Nickel Cadmium
NiMH Nickel Metal Hydride
OEM Original EquipmentManufacturer
(O Operating System
PBGA Plastic BalGrid-Array
PCB Printed Circuit Board
QSPI Queued Serial Peripheral Interface
RAM Random Access Memory
RFID Radio Frequency Identification
RoOHS Reduction of Hazardous Substances
RTOS Real TimeDperating System
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SDRAM

Synchronous Dynamic Random Access Memory

SNR Signal to Noise Ratio
Spectrogram A visual display of frequency versus time with the intensity of the soun

indicated by a color gradient

SPI Serial Peripheral Interface

SREC Motorola SRecord

Tap Cecoefficientand delay pair used to implement digital filters

TFTP Trivial File Transfer Protocol

UART Universal Asynchronous Receiv@&ransmitter

USB Universal Serial Bus
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1 Introduction

1.1 Engineering Senior Design

Theengineering program at Calvin College culminates in a senior design project seqéeseges of
courses Engineering 339 and 340, servesdgansitionfrom the academic to th@rofessionalvorld. In
Engineering 33%tudentsform teams of three tofive students andselecta project within their fieldbf
studyto completeover theduration of their senior year.Thefirst semester focuses on defining the
a021LIS 2F (KS a Gsdeasoiiti. ek cladslkci@Ofdausthe/dBsigi process,
teamwork, design norms, communication, management, conféisblution, research, and ethicsnd
the integrationof these themeswith the Christian worldview. Engineering 340 focusesarily on the
design and prototyping of theteamd OK2a Sy LINRP2SOG ® ¢ KS f SO0 dzNBa
faith and design. The coursealminateswith a finalpublicpresentation of the project on senior design
night at the end of the springesester.

1.2 Team [ Rhythm Reloaded ]

[Rhythm Reloaded] is an engineering senior design team consisting adéotnicaland computer
engineering seniors: Nathan Brinks, Andy Gabler, Ben Moes, and David van Geest. Nathan grew up in
Grand Rapids, Michigand is interestedn audio power amplifiers, automotive electronics, and

robotics He also enjoys working on automobiles and flying radio controlled aircraft. Andgnsod
missionaiesand has lived in Bolivia, Colombia, the Philippines, and theHgSs intrigued by
electromagnetic propagation and audio signal processing. His hobbies include running live sound, fixing
things, and working with kids at his church. Ben is a native of Sioux Center, lowa and enjoys studying
embedded systems, medicatdces, and renewable energy. Aside frioismacademic worlBen spends

his time playing lacrosse, snowboarding, ministering with his Church, and being a wonderful husband.
David hails from London, Ontari@anada. He is passionate about digital hardveaue software design

as well as the French language. In his spare,iidagid enjoys playing guitar, travelling, and downhill
skiing. The tearis pictured inFigure 1.1.
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Figure 11: Team[Rhythm Reloade{l

1.3 Introduction to the Problem

Nearly all medical personnel actively involvedha treatment and diagnas of patients use
stethoscopes on dailybasis.Stethoscopegre used for pulse measuring, blood pressure monitoring,
and diagnoss of cardiovascular, respiratory, anligestive diseases.

The majority oftethoscopes currently on the market are acoustavices that use purely passive
mechanical parts to isolate arffdcussound generated by the body. Though these methods have been
used for years, the simplicity of sudbvicess overshadowed byoor soundquality, discomfort, and
highcost. These devices are also difficulintterface with moderntechnologies such as computers
record andanalyze bodgounds.

The goal of this project is @esign and prototypan electronic stethoscope that is compalalin cost,
has better acousticesponse, and can interface withoderntechnologies better than the current
acousticstethoscope.

2 Objectives
A detaikd requirement outline can be seen in AppendixXTAis sectiortontains a breakdown and
explanation of the variousbjectivesassociated with the teaf@ @lectronic stethoscope project.
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2.1 Definition of Project Success

The team defines success as completing a project that meets the requirements outlined in Section 2.2,
2.3, and 2.4. The project shall produce a prototyipet demonstrates these requirements. The

prototype shall be, at minimum, implemented on a development board; however, the team shall strive
to implement the design on a custom PCB.

2.2 Main Requirements
Theproject consists of three main objectives. All successive requirements and design decisions must
take into account the following core requirements.

1. The team must present the client with a demonstrable electronics stethoscope that meets
or exceeds the succeeding requirements.

2. The team must assemble a project which includes the stethoscope design, prototyping, and
business aspect of a full scale protioe.

3. The device must conform to the following three design norfiransparencylintegrity, and
Stewardship

Although other design norms such as Cultural Appropriateness, Justice, Mercy, Caring, and Trust will
play important roles in the overall desigfithe devicethe teamhasdecided that the three selected
design normswill govern the majority of the workerformedby the team.

The device must be transparent for itlh@ accepted by the markeA device that is used on a daily basis
must be intuitive for even a nostechnical user. A doctor or nurse must be able to pick up the device and
use it, without instruction, within a few minutes. Without thiBaracteristic the devicewill not be

accepted in a @mrket dominated by a acousticsolutionrecognized for its simplicity

The device must have integrity conply with health regulations, electronics regulations, @and

accurately reproduce body sound& poor representation of the sounds produced by the body will make
the device an unviable option féinose working in the medical field, and meguse amedical

professional to misdiagnose a disease.

The device must also use resources in a stewardly matirtbe device costs more than an acoustic
stethoscope without providing improved features, it ip@or use of financial resourceBhe device
must also minimize environmental impadtftthe device is no¢énergy efficientit will use up too much
energy to beusefulfor long shifts and higistress environments.

2.3 Course Requirements

Several course requineents must be met by the team. The team shall strive to cooperate in a civil and
professional manner. The team members are required to giweeklystatus report of their progress

and present any issues they have discovered for the team to discuss.mlieremust seek the

approval of the team before making any final design choices. As well, the team as a whole must meet all
course deadlines and submit all course required documents.
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2.4 Product Requirements

2.4.1 Functional

The device must provide the user witlway to listen to the internal body sounds of a patiemnid
should operate in a similar fashion to a traditioaabusticstethoscope. The device will require an
instrument to hear thebody sounds the ability to electronically process these soundadthe

capability to output these sounds to the us&urthermore, he device must provide a way emphasize
and separate the sounds the heart, lung, andowels.Also, it must allowthe user to record these
sounds and play them back at a later time.

2.4.2 Power

The device must be provided with its own portable power source. The power source must enable the
device to function continuously faminimum of 8 hous. The power source and circuitry must provide
adequate voltage for the electronic components to ftion properly. The selected power source must
be simple tarecharge and replace

2.4.3 Interface

2.4.3.1 HumanMachine Interface

The human interfacshallbe intuitive and simple to use. It provides the user with a first impression of
the deviceand often is a decidi factor in itsacceptanceoy the market. The essentigiMIthat the

device must provide are visuahdtactile.

2.4.3.1.1 Visual

The vsualinterface must provide the user with information about operating modes, recording
information, and audio file names. Thdaerface must give timely feedbac& the user when the user
providestactile input.

2.4.3.1.2 Tactile

Thetactileinterface must be able to pass user commands to the device to catgagperation. This
interface must be intuitive and simple, but with enough ftiogality to fulfill the device operating
requirements.

2.4.3.2 Data

Thedatainterface must provide the user with a methodtadinsferringaudio filesfrom the device b a
computer. This interface must be readily available, easy to understand, and have daltégtnansfer
rate.

2.4.3.3 Audio
Theaudio interface must provide the user with atcurate representation of bgdsounds. This means

that there must be no noticeable time delay distortion betweenanalogaudio input and output.

2.4.4 Audio Storage
The device shall be able to store audio recordings irvalatile memory.
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2.4.5 File Protection
The stored audio files must be protected to abide by HIPAA regulations. A third party must not be able
to access the stored data without authorization.

2.4.6 Environmental
The materials and components selected for the devasewell as any proposed manufacturing
processesmust have minimal impact on the environment relative to alternative solutions.

2.4.7 Economic
The final market device must be constructed so that the piadis fvithin or below the price of similar
St SOUNRYAO aiGSGiK2a02LIJS LINRPRdAzOGaAD® ¢KS LINRPG20G8 LIS Ydz

2.4.8 Safety
The device must not harm the patient or the user. The component and materials selection should not
cause discomfdror pain.

3 Market Research

3.1 Medical Community Surveys

¢2 RSGSNINAYS 6KSGKSNI GKS YSRAOFE YIN)YSG g2dA R NBa
surveys were distributed to any accessible member of the medical community. Receivers of the survey
included hospice nurses &fospice of Michigamurses and doctors &iospice of Union County

aldzRSyida Ay /It @AyQa ydzZNEAY I LINPINI YIS YR @I NR2dz
survey, including 21 nurses (70%), 2 doctors (7%), 6 studdd®s)(and 1 nurse practitioner (3%).

compilation of the survey questions and results can be seen in Appen@ixdtall, the response to the

product was favorable. Sevengight percent of respondents indicated that they would use the

stethoscope ift was provided by their employeThis is a relevant statistic because in some hospitals

and clinics, stethoscopes are purchased by the organization for use by their employees, especially when
these stethoscopes are specialty diagnostic devices. Twergpercent of survey respondents

indicated that they had not purchased their stethoscope with their own funds.

When asked whether they would purchase the stethoscope if they had to use their own funds, 18

percent indicated that they would, 46 percent indiedtthat they would not, and 36 percent indicated

that they were unsure. While the team would have liked more people ttaberable towards

purchasing the deviceith their own funds, there were a number of factors that influentiee

responses. Firstlfy KS ljdzSaidA2y RAR y20 | OlGdzarffte KIFIG@S |y WY! y:
eitheri2 OK22aS 06Si6SSy W, SaQ YR Wb2Q> 2NJ KIFIR (G2 &NJ
should have used a scale from 1 to 10 to indicate willingnesarithpse the device. Furthermore, most

of the survey respondents (89 %) were in the nursing field. While the stethoscope would also be used

by nurses, the team had envisioned doctors being the primary market because of their larger disposable
income and heir need for more specialized tools.
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Other valuable information was also obtained from the survey. Respondents indicated that they would
prefer to put the stethoscope casing in their pocket, they would like a rechargeable battery, and that
they would payon average, $150 for the device. Many respondents also indicated that they were
unsatisfied with their current stethoscope, citing problems such as uncomfortable earpieces, skin
irritation caused by rubber, difficulty in blocking out exterior noise, a# of amplification ability. All

of these problems are addressed by iheS I pr@pésed device.

In addition to distributing surveys, the team met with Dr. Srinivas Janardan of Grand River

Gastroenterology to discuss the proposed product. Dr. Janaegponded favorably to the idea,

Ff 6K2dzZaK KS gl a y2iG &adz2NB 2F GKS LINRPRdAzOGQ& dzaSTdzA vy
(gastroenterology the study of the digestive system). However, he did think that the product would be

helpful to cardiologistsand he was able to put the team in contact with two of these specialists. The

team is currently attempting to setup meeting times with these doctors.

3.2 Existing Products

3.2.1 Acoustic Solutions

Acoustic stethoscopes are comprised afhest piececonnected by hollow tubing to two earpieces
shown in Figure 3.1Thechest pieceaypically has two different sides, a bell and a diaphragm. The bell
side is in the shape of a hollow cup. When ethon the patient, the vibration of the skin is transmitted
as sound waves through the tubing to the

earpieces. The bell is used to listen to {ow

frequency sounds such as those produced by th

heart. The diaphragm side of tlchest pieceds

usually a plstic disc stretched over a hollow cup.

Sound waves from the body vibrate the Tunable
diaphragm, sending acoustic pressure waves Diephragm
through the tubing to the earpieces. The
diaphragm is used to listen to higlequency
sounds, such as those produced by the lungs.
The biggest problem with existing acoustic
stethoscopes is that they lack any kind of
amplification sometimes making bgtsounds
difficult to hear. In the survey conducted by the
team, 14 of 30 respondents, all of whom use acoustic stethoscopes, citedlty in hearing body

d2dzyRa Ay |YyagSNAYy3 GKS |jdzSadAiz2y a2KF{d R2 @&2dz RAa
these 14 respondents specifically cited ambient noise as a cause of this difficulty. Other difficulties given

by survey respondentacluded uncomfortable earpieces (6 of 30), and a dislike for having to carry it

around the neck (3 of 30). However, the acoustic solution does have some advantages. Acoustic
stethoscopes are typically less expensive than electronic stethoscopes, altbonnghhighend models,

such as the 3M Littman Master Cardiology, can cost as much as $250. When asked what they liked

about their current stethoscope, survey respondents primarily listed simplicity, durability, convenience,

and clarity.

Heaaset

Eartip —————

Eartube

Stem Chestpiece

Tubing

Figure 3.1: 3M® acoustic stethoscope
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3.2.2 Historical Electronic Solutions

Electronic stethoscopes have been used for the last couple decades, although it is only recently that
they havegained any acceptance in everyday medical practice. This is because historical electronic
stethoscopes were typically bulky andn-portable, requiring large separate cases to house the
electronics. Because of this, electronic stethoscopes were only used in research and advanced
diagnostic settings. Recent advances in microelectronics have led to smaller, more portable devices,
and a subsequent rise in electronic stethoscope usage in everyday medicine.

3.2.3 Existing Electronic Solutions
The existing electronic solutions to this problem are summarizdébie 3.1

Table3.1: Existing Market Electronic Stethoscopes

Company Product | ListPrice ‘ Features (As Given By Product Documentation)
3M Littmann®| $510.88 | 75% ambient noise reduction
Model IncludesPC or Pocket PC software to see hieeat
4100WS Infrared transmission to other stethoscope PQ(115 Kbps data
rate)

3 frequency modes: bell (200 Hz), diaphragm (16G00 Hz),
extended (20 1000 Hz)

Recording/playback of 6 tracks of 8 secorilsincompressed WAV
format

Heart rate display on LCD

20 hour use from 2 AABatteries

7.2 ounces, 27 inch length, normal form factor

3M Littmann®| $375.00 | 75% ambient noise reduction
Model Single AAA battery gives 200 hours use
3000 Auto shutoff after 3 minutes

Availablein 5 colours

5.6 ounce, 29 inch lengttraditional form factor

Low frictionchest piece

Different frequency modes

Thinklabs | ds32a $279.00 | Acoustic/electronic mode, tunable diaphragm

2 AAA batteries, 6.4 ounces

Ambient noise reduction

Power, beltdiaphragm, amplify buttons;olume control
Auto shutoff (customizable)

Analog audio input/output

15 Hz 20000 H4requency response

Cardionics| EScope Il| $335.00 | Optional PDA interface, PDA display software
Frequency switch: heart (201000 Hz)lungs(70- 2000 Hz)
2 minute auteoff

AAA battery with6 month life

Volume control, frequency switch

$430.00 | Headphone model
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$575.00 | EMS model (higlyuality studiestyle headphones)

Welch Master | $281.38 | Rotating earpieces

Allyn Elite Bell/diaphragmmodes 20- 20000 Hz
1 year battery life

170 gams

PC software

ADSCOPE 657 $249.98 | Bell (15200 Hz), Diaphragm (1000 Hz), Extended (33000 Hz)
16 level volume control

3 V lithium battery (150 hours)

3 minute auto shutoff

While some of these existing electronic stethoscopes have some features in common wiittStheY Q &

proposed device, only one, the 3M Littman 4100, has recording capability. However, this recording

ability is limited to six tracks of eight seconds each. The team recognizes that storage capacity is

typically easy to increase, but because the 4a@intainsthe form factor of a traditional acoustic

stethoscope, adding enough flash memory to this device to compete with the memory offered by the
GSFYyQa RSOAOS YIé& 6S I Y2NB RAFFAOMA G 2LISNI GA2y
numerous recatings may be taken during a shift, the data on the 4100 stethoscope would need to be
downloaded to a PC at regular intervals, a task that busy medical personnel do not have time for.

Furthermore the audio datanust be transferred by infrared; downloadiad) six tracks of

uncompressed wave audio at the data rate provided by the 4100 (115 kbps) takes 9.5 miFutber

exacerbating the problem is the fact that each track must be downloaded individually, meaning that

user input is required at least evety6 minutes.The 4100 also keeps the same form factor as existing

acoustic stethoscopes. The team feels that although it may require some adjustment, medical

personnel will be open to the form factor proposed by our device, and will actually likeér xeicause

they will no longer have to deal with uncomfortable ear pieces and having to carry it around their neck.

Lastly, this stethoscope has a list price of $511, although it may be bought online for approximately

$420. Even the loweronline pricei G 6 A OS G KS LINE 2SO SrRighto2thee 2 F G KS
disadvantages, the team feels that it can present a product that is superior to the 4100.

4 Intellectual Property Concerns

4.1 Previous work

An electronic stethoscope is not a new idea. Thar@erpatent websitevww.depatisnet.de an

SEOStESYd AYGSNYFGA2YFE LI G8SyG 6S0aArAiGSsT FAYRA MT
entered as the search termThe team briefly reviewed severdlthe international patentsnd did not

find any that itgoroduct would be violating. The team did a more in depth review of all the US patents

listed newer than 1974and the results of this review can be seen in Appedifgaini KS (S& YQ&a AR
seens to be fairly unique. However it doese ideas found in some of the patenfisr example the use

of different listening modes, placement of the microphone within the chest piece, recotdamgfer to

computer, and_CD display. One or more ofthed¢¥a LJ- NIla 2F RAFFSNByd LI GSyd
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designcombines themin a new way. A few of the patents summarized in Appe@dpat were fairly

closetoond aLJISOG 2F GKS G4SIFYQa RSaAday o SNTabEUNIhER | 002
team, acknowledging its lack of experience in this ades not feel thafTable 4.lisan exhaustive lis

of the different patents that itslesign may build onTherefore, itisa dzZ23S&AGSR GKI G 06 SF2NB
final electronic stethoscope desiggoes tomarket, or before any patent application is made, gatent

lawyer or someone more skilled in understanding patents be engaged to help in the patent reviews.

Table 41: Intellectual Property Concerns

Publication number Title Comments/Description Year
US020030002685A7 [ ] Electronic An ausculation aid that couples with a| 2003
stethoscope acoustic stethoscope, but also could

transmit wirelessly to a base station
which transfers real time data to a
computer.

US000006396931B] [ ] ELECTRONI({ Describes a setfontained device witla | 2002
STETHOSCOPE| screen and buiftn speaker thastores

WITH typical sounds to compare with what ig
DIAGNOSTIC heard. Chest piece is built into device
CAPABILITY

US000005825895A | [ ] Electronic Describes a stbbscope with several | 1998
stethoscope "modes" of operation: heart, lungs,

abnormal heart and normal heart
boost. Same package as a traditional
stethoscope. Digital but no recording.

US000005774563A | [ ] COMBINED | Describes a dual electronic/acoustic | 1998
ELECTRONIC | stethoscope. Rotatablehest piece
ACOUSTICAL | Mic placement in thehest piecas the
STETHOSCOPE| only concern.

US000005932849 | Stethoscope Describes a chest piece with a 1999
having microphone within the acoustic
microphone pathway.
therein

4.2 Current IP issues

On October 23, 2007, the team gave a presentation to DornerWorks, an embedded systems design firm
that maintains ties to Calvin. Currently, DornerWorks has offered $1000 of funding to the team,
however, due taquestions rgarding ownership of intellectuarpperty, the team has not yet agrd¢o
termsof the relationshipwith DornerWorksThe situation is further complicated by the fabat Dr.

Steven VanderLeesihe team adviseyis the Director of Engineering at Dorneovis Meeting with the

team, Dr. VanderLeest divulged his conflict of interest amdmemended that the team speak to Dr.

Sykes or Prof. Nielson regarding patent issié® team will continue to report to Dr. VanderLeest

through the year; howevert will meet with either Dr. Sykes or Prdfielson orall matters relatingio
patentable ideas and issues over sponsorship.
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5 Alternative Solutions

5.1 Form Factor

There werethree main form factors considered for théeetronic stethoscope. The traditional form
factor, which is based on a standard acoustic stethoscoefirst considered It follows an inline
approach that is demonstrated fy A G G Y I Yy Q& nRigare B.{Thisfdenay/is v&ry popular with
electronic stethoscopes found market research.

Figure5.1:Littman 4100WSTraditional Form Factor

The second formafctor considered was a compact desighis form factoremoves the cord between

the headset and thehest piecdy placingeverything in a singlenit. The user is provided with a

headphone jack on the device and a small selection of buttons. This form has the benafiioeing

weightF NBY GKS KSFRaSidi FyR LXFTOAYy3a Ad Ay GKS dzaSNRa

A third option involves aomplete departuréfrom the traditional design. A centtanit contains the
electronics anda chest pieceand hreadphonesare connectedto this unitby cables The Cardionics-E
Scope Il Headphone Model demonstrates this form factor in Figure 5.2.
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Figure5.2: CardionicE=Scope I Non Traditional Form Factor

All of these solutions are viahlasthey each have certaiadvantages and disadvages. The traditional
design is widely accepted with medical personnel and beegonsideredas a status symbol. However,
traditional designs can be bulky and often cause the user discomfort when worn around the neck, as
discussed in the survey results.

The compact desigis beneficial becauseliasfewer cords. This would provide greater convenience to
the user who does not hawe spend time untangling cord¥he major disadvantage of the compact
design is that it requires a significant amount of mechanical design, which the team is not capable of
doing in a limited time framelt also limits the functionality of the HMI on tlievice because of its size.

The nontraditional design also has distinct advantages and disatdgges. The device can be
convenientlyclipped to a belt or waidband, or simply placed in a pockeklso, since the weight of the
electronics are not beingsug2 NIi SR 0 &  {itie Sasidgic&Mdntain f8atubedinot suitable for a
traditional stethoscopesuch as ah.CD screen, larger battery, and more storage capacity. The non
traditional design may also be favorable to the yowsgrbecause it is remistent of a portable media
player.Therefore, the team has chosen the traditional design bec#@uselsthat this form factorhas

the most potential.

5.2 Functional
5.2.1 Controller

5.2.1.1 Criteria

One of the main architectural decisions made by the team was the choice of a controller type. There
were a number of different criteria considered during this decision. Ease of desigleasldpment

time are very important factors because of the limitgne available and the inexperience of the team.
Power consumption is an important factor because the device must have a long battery life. Versatility
also an important aspectlescribes the potential of the architecture to implement different funogp

while included functionality describes the functions tlaaé already present without any design work.
Because this device shall be loast compared to other products, the price of the controller is
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important. Size also figures prominently becaukéhe portable nature of the device. Other factors
considered included durability, speed, availability, and hardware abstraction.

5.2.1.1.1 Controller Options

5.2.1.1.1.1 FPGA

FPGAs are extremely versatile because they can be used to implement a wide range of functionality.
They are priced comparably to microprocessors, and can be designed to process data very quickly.
However, FPGASs require long development tame have very weak hardware abstraction. Much of the
FPGA design work for this project would be redesigning comapts that have already been designed
and implemented in different forms; therefore the team felt that FPGA design was not a favorable
choice.

5.2.1.1.1.2 FPGA with SofCore Microprocessor

This option is more attractive than the FPGA option because it combinegitsatiity of the FPGA with
the included functionalityand hardware abstractionf the microprocessor. It retains many strengths of
the FPGA, such as speed and power consumption. However, the number of availabteesoft
processors is much smaller thive number of available microprocessors. The team does have
extensive experience with one FPGA/Softre Processor system, namely the Altera Nios, but this
experience has shown that while trivial designs can be implemented very easily and quickly, more
complicated designs frequently require exponentially increasing amounts of time and effort.

5.2.1.1.1.3 Microprocessor

Microprocessors are widely used in similar designs because of their many strengths in comparison to
other options. They are inexpensive, lpawer, ard small sized. The wide range of available parts
allows the designer almost the same degree of versatility as an FPGA, but without the added design
effort. Hardware abstraction is very strong; the designer can use complex software algorithms instead
of relying on harelired logical design. While software design can beoasplex as hardware design,

there are many resources available to the developer, and software is readily available in many different
forms. Development time for microprocessor softwésslightly better thandevelopment timefor an

FPGA.

5.2.1.1.1.4 ASIC

An ASIC is a similar solution to an FPGA, except that it refines the design process one step further. This
refinement results in lower power consumption and faster speeds. The many disadvainizigds the

fact that the team has never designed an ASIC, the extreme difficulty the team would have in finding a
manufacturer willing to produce a custom ASIC, and the additional design elements that must be
considered in comparison to an FPGA. The teansidered this option to be prohibitively difficult, and

thus it was not seriously considered.

5.2.1.1.1.5 Analog Control

Analog control does not present any advantages except for speed. Analog controllers must be
assembled from many different parts, causing the cost, sizepaner consumption to be very
unfavorable. They do not interface easily with other modern compts)eand the team has no

experience in their design. While it is theoretically possible for an analog controller to direct all the
Page |12



functionality of the proposed device, it is extremely impractical. These disadvantages are evidenced by

the lack of any sirtar modern devices using this control method. Because of these extreme
disadvantages, the team did not seriously consider this option.

5.2.1.1.2 Controller Decision

¢ KS LINBOSRAY3I ONRGSNAI YR K2¢ (KSe& FFSOGSR
shown inTable 5.1 The microprocessor option was clearly the most advantageoueftire it was
chosen

Table5.1: Controller Decision Matrix

Criterion . Weight | FPGA | FPGA w/ SofCore Microprocessor ASIC\ Analog Control
Cost 7 7 5 7 1 3
Versatility 8 9 10 8 9 2
Ease of Design 10 4 5 6 0 0
Included Functionality 8 3 9 9 3 3
Durability 5 5 5 6 7 1
Power Consumption 9 5 5 5 8 1
Speed 6 7 7 5 8 10
Availability 2 5 4 9 1 2
Hardware Abstraction 5 3 7 10 0 0
Development Time 10 3 2 5 0 1
Size 7 5 5 8 8 1

Total: 387 447 524 316 156

5.2.2 Power

There are two options for the portable power source. The first option is to use a standard alkaline
battery. This is not a favorable option. It promotes wasted resources because the user is forced to
continuously buy and dispose of batteries. Since the device would be usedhailyption is very
inappropriate.

The second option, which the team chose, is to use a rechargeable batterySpedkfic rechargeable
technologies, such as-lan, are moreversatile because they come in a convenjdiat form factor. This
option isalsofavorable because it promotes stewardship by the reuse of a battery pack. The general
response from the surveys also gave favor to this option.

5.2.3 Interface
5.2.3.1 HumanMachine Inteface

5.2.3.1.1 Visual

The visual interface provides the user with information about the status of the device. The visual
interface should assist the user in operating the device. There are two primary options to provide this
functionality: LEDs aan LCDmodule
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LEDs are popularmethod of informinga user of the condition of an electronic device. In many
electronicdeviceshey are the primary source of visual feedback to the user. The team has decided
however, that in this situation they are not adequate. LEM@suld limit the functionality of the device
because they cannot practically display enough information.

ALCDnoduleA & GKS GSIFYQa OK2aSy 2LIiA2Yy nlfDdaNRegehtRS A adz
wide variety of information. LGDby nature, ag very flexible devices. They allow the designer to easily

add or remove functionality. They also benefit the user by provigmaghical or textualeedback that is

easily understandable instead of relying on the simple logical state of an LED beingroffm added

advantage of LCD display is the ability to break the language barrier. The LCD display language can be
translated to make the device usable in a variety of demographic settings.

LCDmodulescome as graphical displays or character displaysléthe team feelshat a graphical

display would be beneficial in the final market product, a character display is suitable for the prototype.
This choice was made to minimize the development time for the LCD display. A character display
requires minimatlesign time and generally is less expensive than a graphical alternative. This allows the
team to focus its time on other crucial elements of the project while still maintaining a functional visual
interface.

5.2.3.1.2 Tactile

The tactile interface is used in conjtion with the visual interface. Based on feedback from the visual
interface the user can decide the appropriate tactile input. Possible solutions for the tactile interface
include: scroll wheel, buttons and a joystick.

Scroll wheels are an option suitalfor navigating through long menus and large amounts of data. Since
the device contains neither of those the team has decided that a scroll wheel would be inappropriate.

A joystick is another option. However, joysticks are obtrusive, and would notrgdddalitional
functionality to the device. They are also generally regarded as unprofessional and better suited for
devices such as video games requiring motion control and directional input.

The team has decided to use buttons for the tactile interfé&gtons provide a simple way for the user

to interact with the device. Since buttons are separate entities, the button layout can be ctsiloned

to provide maximum efficiency. Buttons are also v&@ngpleand intuitive to implement in an electronic
device. This allows the team to better balance the tactile interface development with other elements of
the project.

5.2.3.2 Data Interface

The datanterface of the device shglrovide communicatiorto acomputerin order totransferaudio

filesto or fromthe devte. Several options include USB;RS Infrared, Blueg 2 4 Ku>~ 2 ANBf Saa ! .
an electromagnetidnductionloop.

The slow speed of R&E32, electromagneticnduction, and infrarednterfacesrenderthese options
cumbersome and inconvenient for thiser. Lack of thee interfaces on most modern P@&lso preverd
them from beingusedeasily. These interfaces will not be implemented on the device.
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consumer; however hese interfaces require additiahexpense tde added tamost COT® G, and

demand that the user have a certain degree of technical expertise to configure the cimméttese

interfaces may also have additional hurdles to overcome in a hospital setting given the number of

restrictions on wireless deviceg-urthermore, wireless transmission of patient data raisesous

issues with data privagynless the transmissiois encryptedEncryption requires another level of

techincal expdise and configuration effort. The team has concluded that wireless data transmission

makes the device more complicated while not making it any more convenient.

| dZNNBy (it & X [.0)linferface preserisNiie m@stadvantagestRto @ Qa O2y adzYSNER P a
modern PG are eqipped with USB ports supportingersion2.Gand 1.x0 ¢ KS f2¢ 024G 2F &
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option to be implemented on the device.

5.2.4 Media Storage

5.2.4.1 Media Type
Many options are availabli®r media storagéncluding, flash, removable flash media (SD or thumb
drive), mini hard driveand optical media such as CDs or DVDs

Sizeand weightrequirements of the device preveoptical mediarom being usedOptical media
typically 12 cm in diametewould increase the overall siaad weightof the device beyond the
constraintsenvisioned for a final market product

While removabldlashmedia providethe possibilityof expandable memory capabilities (memory cards
may be replaced as larger capaafrdsbecomedess expensiyethese devices also pose potential
problems forphysicakize constraints. These media require gidthal connectorsincreasing the overall
size of the deviceSuch devices may also become obsolete as time goégongh current removable
flash media have large market shares, these may eventually be phased out by another technology.
Another disadvantage afsing removable flash media is the issue of data security. If patient data is
stored on media that is easily stolen or lost, the device will not comply with HIPAA regulations for
patient privacy.

On board memory presents the best option givesiow cost,small size, and larggemorydensity.
Flashmemorycan beeasilyincorporated internally to the devicé&iven its cost, size, and density
advantages, thetorage medidor the device will be interndlash.

5.2.4.2 Audio Recordings

Once an audio file has been prded, the file must be identified for latgrlayback or transferOptions

for file naming include automated numbering by sequential order, by date, by patient number (assigned
by health center), or by prompting the user to specify a file name.

Automatednumber schemesdsed on sequential order (filefile2, etc.) would be the simplest to
implementin the device. However, if several recordirage taken in a single shift and accessed at the
end of that shift, it may prove difficult for the user to rememmlehich recordings are foxrhich patient.
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File names specified by date and time would be more intuitive for the user than sequential numbering,
however, identification of these filemayalsoprove difficult during busy shifts if multiple recordirg®
taken in rapid succession. This method would also require dinealclock running on the device to

keep accurate measure of the date atiche. A realtime clock could require extra hardware on the
prototype, and would require a continuous power sourcerewdile the device was turned off.

File names automatically specified by patient number would allow for a more intuitive and faster
namingmethod for the user. However, in order to automatically upload the patient number, the device
would need an interfaceapable of reading the patient number. A barcode scanner, iRREHer, or

plugin data reader would need to be added to the device in order to access the patient number. These
interfaces would add cost not only to the device but also to the health oaméer.

Prompting the user for a filename is the most intuitive methodtf@ namingof audio files. The user
would be able to specifthe necessaryile information at the time of recordingA user accessing files
several days after recording wouidd it easier to identifyfiles theyhadnamed than if they were
accessing files specified by a date and time.

Prompting for a filename does have some drawbacks. Because the device will have a limited number of
buttons, the usemill be required to scroll throgh each character choice one by one, drastically
increasing the amount of time Will take to complete a recording. Using a patient name as the filename
also poses possible efiicts with HIPAA regulationbut the team defers to the user to comply with

these rules. To mitigate the timeonsuming process of entering filenames manually, the device will also
allow the user to use an autgenerated sequential filename as discussed previously.

5.2.5 Audio

5.2.5.1 Input

There are multiple microphoniypesthat can be used in the chest piece of an electratéthoscope

for converting bodysounds imo an electronic signallhere are four standard types of microphones that
maybe considered for application in an electronic stethoscope: electro dynamic, cgraoule,

electret condenser, and piezo electric microphones. The other two standard microphone types, ribbon
and condenser, would not be applicable for the electronic stethoscope for several reasons. The ribbon
microphone has a very godrequencyresponse bu it is very fragile and largeThe standard condenser
microphone requires a large polarization voltage to operate, generally on the order of +48V.

5.2.5.1.1 Electro Dynamic

A microphonein general, works on thprincipleof a circuit that generates a vialge in propetion to

the displacement of diaphragm. The electro dynamic microphofreguentlyabbreviated aslynamic
microphone is the simplestype. It consists of a permanent magnet surrounded by a coil of wire that
moves within the magnetic fields the diaphragm of the microphone moy#sus generating a current

in the coil. This current varies in proportion to the displacement of the diaphragm and gives the output
of the microphone (Microphone 2007Y.he challenge of a dynamic microphone iatti tends to have
limited sensitivity (Whitel998), a measure of the amount of electrical input compared to the sound
pressure level applied to the diaphragm (Bohn 2007).
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5.2.5.1.2 Carbon Granule

The carbon granule microphoneimexpensive and durable, thoughis an older technologyThe
carbon microphone consistdf carbon granulesompressed betweetwo metal plates A voltage is
applied across the two plates and the sound pressure on the one plate, acting as the diaphragm,
compresses the carbon granujesianging their resistancandvarying the output currenfMicrophone
2007). The sensitivity of the carbon granule microphone tends to be fairly Hogrever, the frequency
response is poor (Gentex Corporation 2007).

5.2.5.1.3 Electret Condenser

Electretcondensers wsthe sound pressure incident dine diaphragm to vary a capacitance attached to

the gate of a Field Effect Transistor (FET) and corresponding source resistors (Gentex Corporation 2007).
One disadvantage of thigpe is that the electret regires a bias current to operate; however, its

benefits outweigh this disadvantage. Electret microphones have good frequency response and high
sensitivity

5.2.5.1.4 Piezo Transducer

The piezo transducer differs from the previous three typesauseit is not air @upled but rather
directly coupled to the surface tmeasure the vibrations. These microphones work tuhe physical
properties of piezarystals which generate a voltage when stressed (Microphone 2007).

From this basic introduction one should bdeto better understand the decision matrix seenTiable
5.2

Table 5.2: Microphone Type Decision Matrix

Criterion i Hectret CarbonGranule = Hectro Dynamic
Integrity 5 7 4 5 4
Cost 5 6 9 6 5
Availability 5 9 5 5 6
Familiarity 1 10 5 10 7
Frequency Response 9 9 5 9 5
Sensitivity 5 8 4 5 3
Shock Resistence 3 9 9 5 7
Element Size 5 9 6 6 7
EMI mmunity 1 9 9 9 8
Weight 1 9 7 5 7

Total: 331 233 255 213

5.2.5.1.5 Major Microphone Criteria

Table5.2 compares the four types of microphones discussed above and assigns various weights to each
ONRGSNR2Yy ® | St LJFdzZf Ay SangoiTachriRISgP Wandodoly Rg & NBILIWV2ZY Sf € O
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criteriawarrant a brief description. The first of thesgteriais integrity. This is a design norm that the

team feels is important to this project. The electronic stethoscope that is designecdacuigiately

represent any signal it receiveand a high quigty microphone is crucial to fulfill this requirementhe

nextcriteria is costinexpensive microphones are rated more highBvailabilityrequires that many
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different models of the microphone type aewailablefor purchaseand easy to order from an OEM.
Frequencyesponse is the most significant factbecause if the microphone type does not respond well

to the frequency range needed, 10Hz to 2kHz (Andreesigtic, 1999), it cannot be used. Seidiy is

another important consideration. If the sensitivity level is too low, the signal to noise ratio becomes
intolerable. The last major criterionisthe sz (G KS St SYSy (i applicatdri tied Ly (G4KS
microphone needs to be fairly smab fit well within the chest fgce without major modification.

5.2.5.1.6 Minor Microphone Criteria

The other four minor criteria that can be seen in Tableadse2familiarity, shock resistance,

electromagnetic interference (EMI) immunity, and weight. Familiarég shosen as a criterion because

using a technology familiar to the team and widely used in many applications makes the design process

32 Y2NB avzz2iKfeo ' Y2GKSNI YAY2NJ ONRGSNR2Y A& (KS
because the elctronic stethoscope must be able to withstand a fall. EMI immunity is important for a
microphone that will be used in medical settings which have many electronic devices. Finally, the

weight of the microphone is considered because the chest piece shotile too heavy.

5.2.5.1.7 Microphone Decision

It canbe seen inrable 5.2hat the dectret condenser is an excellecitoice. It should be noted that this

is one of the most common microphones used in electronic stethoscope designs and was recommended
to the team by David Josephson, owner of Josephson Engineering and designer of multiple extremely
high quality measurement microphones.

5.2.5.2 Conversion

In order to store audio files in flash, the analog audio stream musbbeerted into a digital stream.
This convelign alsoallows the device tadigitally filter the audio stream. The digital audio stream must
be converted back into an analog audio streamréat-time listening as vell as audio file playback.
Theseconversiors may be done in several different wayscluding analog to digitalboverters (ADCS)
and digital to analog converters (DAGm)boardthe microprocessor, separate ADC and DAC
components, or by using a hardware CODEC.

ADCs and DACs-boardthe microprocessor require feaxtra components, thuseducing cost.
However, most oboard ADCs anBACoffer lower resolutionthan their discrete counterpartsThese
devices also require additiahsoftware implemented inside the microprocessor to control the input
and output volume.

External ADCs and DA&s often low cost and simple to implement, but also require addilon
software to control input and output volume levels as well as software to control each individual
component.

Hamdware CODECSs, though more expentinam either previous optiondo not add significant costs to

the device ($3.00 or less, typically). CODECsthavadvantage of internal gaedjusters forthe input

and output, internal headphone drivers, and audio stream mixing. These devices do require software to
control the device as all asthe interface with the audio stream; however, these interfaces are often
simple to implement.
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The difference between a hardware and software codec should be specifibdrdware CODE@hich

stands forencoder and decoders a device that uses HbADCs and DACs, along with additional

hardware to convert audio streams to digital arshalog, whereas a software codiscan algorithm

used to compress digital audio or digital video into a smaller file size. For the remainder of this

document, thewordd / h59/ ¢ @gAff 0SS dzaGODE@ 2 &ALISOATE | KIFNRgIF N

For this device, the team has decided to use a CODEC for conversion of audio to digital and analog
streams.The specific CODEC chosen will be presented in the preliminary déssgor(6.1.2).

5.2.5.3 Filtering

5.2.5.3.1 Auscultation

The purpose of a stethoscope is to aid in auscultation wmed ast G KS  NIi 2F f Aa0SyAy.
OKIF NI OGSNR&GAOA 2 T thedsktRascoge ndsyaRcrdély repbdice B2 fivé riajor
characteristics of body sounds$ming, frequency, duration, intensity, and shape (Andriesustics, 12

1990). Itis essential thatstethoscope not interfere with these characteristics. This is especially

critical for an electronic stethoscope when it filters the sounds it receifé&& microphones used in

electronic stethoscopes often pick up background noise, whii¢hansmittedto the user will distort

the intensity and shape of the body sound; therefdtés important to filter that signal and only

reproduce the sounds ofierest.

The major three organs listened to by an auscultator are the heart, lungs, and bowels (Andries Acoustics,
12 1990). The frequencies of the sounds produced by each of these organs primarily range from 20Hz to
2kHz (Durand, 9 1997). The expenitae study performed by Andries Acoustic while designing the
electronic stethoscope for the Space Station Freedom Health Maintenance Facility indicates a similar
rangeof 20Hz to 600Hz; with a range of 20Hz to 220Hz for the heart, 50 to 600Hz for thedndgs

20Hz to 600Hz for the bowels. This dexplainsthe primary reason the majority of modern acoustic

and electronic stethoscope offer different listening modes.

5.2.5.3.2 Mechanical Filtering

Most acoustic stethoscopes offer two operating modeshe user tsing mechanical filtering. The chest
piece of a traditional acoustic stethoscope is often designed with two :sidesll and a diaphragm. The
bell is used to listen to the heand the diaphragnto the lungs (Dicken, 5 2000). Some of the newer
stethoscopes use a pressurersitive diaphragm to simulateimilar mechanical filtering. The
mechanical filtering utilizes the shape of the chest piece iteglfass only the frequencies desired.

5.2.5.3.3 Analog Electronic Filtering

There are two kinds of electroniittering, analog and digital, that can be used in an electronic
stethoscope to reduce the ambient noise and increase the intensity of the desired signal. Analog
filtering uses combinations of active and passive componeni®ptement differentfilters such as the
Butterworth, Bessel, and Chebyshev. The biggestdliantage of the analog filter is the large number
of components needed to implemeatfilter that has sufficient rolbff at the desired cutoff frequency.
Another disadvantage is theonlinear group delay thatharacterizesnany of these analog
implementations. Alsdhe multiple analog comgnentsrequiredcan addnoise to the signal.
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5.2.5.3.4 Digital Electronic Filtering

Digital filters, however, can be implemented without this added noise and nonlinear group delay. The
two primary digital filter types, finite impulse response (FIR) and infinite impulse response (lIB)tlcan
be implemented on a microprocessor in soft@a The FIR filter has the advantagd easy desigfor

linear group delaysimpleimplementation andcoefficientsrequiringfewer bits of precision than the

IIR. The IIR filter differs from the FIR in that it utilizes feedbackreshkis that thellR suffers from
compounding calculation errors. The major benefit of the IR is that it can be implemented using less
memory and fewer taps (lowegian, 2006). The IIR filter, however, was derived from analog filters and
generally has a nonlinear grodielay (Lecture 8 2006). This delay is undesirable in an electronic
stethoscope because iaa cause delay in body sounds of different frequenai@smay lead to a
misdiagnosisTherefore, the FIR is a good choice for filtering the body sounds.

[Rhythm Rloaded] has chosen to use filtering to model the functionality provided by a traditional
stethoscopegand the team has chosen to implement a digital FIR filter because it will give the greatest
fidelity to the sampled body sound. This does not mean,gwan, that mechanical and analog filtering
will not also be used in the stethoscope. Mechanical filtering in thetghiese will be used to paske
bodysourd into the microphone and reje@mbient noise.Analog filters will be used for ardliasing
before the ADC, and for reconstruction after the DAC

5.2.5.4 Output

Li Aa ySOSaalNEB T2N owKeidKY wSf 2 RSR8 tdysdiidS Ol N2 y A
to the user. The output dhe electronic stethoscopenustbe capable ofeliablyreproducing sounds

from 20Hz to 5kHz. Because an audio codec is being used for the analog to digital and digital to analog
conversiona headgone (line level) driver witkkolume control is already provided.

The alternatives are then a choice of how the user will listen to the reproduced analog signal. There is a
choice of headphones, commercial or proprietary; an external speaker; or an internal speaker. The

internal speakerpecessarilysmall to fit insidehed § SG K23 02 1LJSQa RSAANBR F2N¥Y 7Tl
for the user to hear in loud noise situations. The external speaker option can easily be interfaced to the

most common commercial headphone interfaces. A gedary pair of headphonesouldals easily be

made to interface with that same interface; thus the choice is betweeeiginthinch or quarter inch

standard headphongck. The quarter inch jack is physically too large for the desiredftaror;

therefore, theteam chose a standard eitthinchheadphonegack

The team also had to decide between designing a proprietary pair of headphones or using a
commercially available pair. The latisrthe most reasonable approach because this team does not feel
confident designing a pair of healpnes that would be of high enough fidelity for the stethoscope.
Thus, for the prototypgehigh quality commercial headphones will be used for the output of the
electronic stethoscope.

5.3 Block Diagram

Theblockdiagram shownn Figure5.3 givesa systerdevd overviewof the deviceas described in the
previous sectionsThe components selected fulfill these functional block&ill be outlined inSection
6.
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Figure5.3: Overall Block Diagram

6 Preliminary Design

6.1 Hardware

6.1.1 Power

A rechargeable battery will power the deviddany different rechargeable battery types are available

includingNiMH, NiCD, and-ion. The team has chosen to use thédn technologyLkion cellspossess
almost double the energy densityf a typical NIH or NiCD cell, and tt#6 V nominal voltage makes
them very practical for portable electronic use. Currefithe team is planning to use a singledn cell.

The circuitry required to charge-ioin cellssafely can be challenging and the team hasdkstit cannot

be included in the scope of the proje&.COT&kion battery charger will be used to meet tiebarging

needs of the prototype. A set of linear voltage regulators will be used to provide the various voltages

used by the components.
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6.1.2 CODEC

Analog Devices, NXP, and Wolfson were all researched as paagipliers for the CODEC. Theidbn
matrix in Table 6.5hows the criteria with which the possible options wekaluated The decision
matrix shows thathe Wolfson WM8731 appea to be the best option for thisomponent Its high
degree of accuracy (low distortion, -4t encoding / decoding), and the availability of a development
board makes this device the bedtoicefor the team.The development board was loaned to the team
by JohnsorControls Inc., where Bda currentlyemployed.

The Analog Devices CODEESM602 and AD1981Billgng with the NXP CODRIDA1380performed
better than the Wolfson CODE®WM8731)in a few areas @wer, volume step size); however, these
devices seeno bepoorly supported in their datasheets atigeir available documentation found
online.

Table 6.1.CODEC &xision Matrix

Criterion \ Weight \ SSM602 AD 1981 BL WM 8731 UDA 1380
Transparency 7 5 5 8 6
Integrity 9 9 6 9 9
Stewardship 8| 10| RoHS 10 | RoHS 10 | RoHS 10 | RoHS
Format 8 AC '97
Cost 2 6 $2.80 5 $3.00 6 $2.80 7 $2.40
Inputs 1 7 3 7 9 4 3 4 3
Interface 8 8 | 4 wire 6 | 5wire 6 | 5 wire 4| 6 wire
Headphone Driver 1| 10| Yes 10 | Yes 10 | Yes 10 | Yes
Size 3 7|28LQFP 3| 48 L QFP 7|28 L QFP 5| 32L QFP
DAC Resolution 8 9 24 7 20 8 24 9 24
ADC Resolution 9 9 24 6 16 8 24 9 24
Internal Filtering 2 0| No 0| No 0| No 0| No
Digital Equalizer 6 0| No 4 | 3 Channel 0| No 0| No
Dynamic Range In 4 5 | unkown 9|90dB 9|90dB 10 | 135dB
Dynamic Range Ou 4 5 | unkown 7| 45dB 7| 90dB 10 | 135dB
Volume Step Size 3 9|15dB 8| 1.5dB 6|3dB 10| .5dB
SNR ADC 10 8 | 90 dB 8 | 85dB 8 | 90 dB 9| 97dB
SNR DAC 8 9 | 100 dB 9 | 100 dB 9 | 100 dB 9 | 100 dB
Analog Supply 5 8|33V 8|33V 7|36V 6|36V
Digital Supply 4 8|33V 8|33V 7|36V 6|36V
Power (Full Power) 7 7| 22 mW 9| 2.87 mW 7|22 mW 5| 70 mW
Power
(Passthrough) 1 7 7mW 9| 2.87 mW 8| 12 mW 5| 70 mwW
Dev Board 5 0 | No 0 | No 10 | Yes 0 | No
Sample Parts? 41 10| Yes 10 | Yes 10 | Yes 10 | Yes
Total: 850 811 892 837

6.1.3 Human-Machine Interface

The user interface consists of a character LCD and a variety of buttons. These interfaces combine to
form the HMI. The user interacts with these interfaces to control the device. The LCD provides

feedback to the user siha shecan select the desired fiction by pressing the appropriate button.
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6.1.3.1 Character LCD

The LCD interface displays the status of the device to the user and aids in using the device effectively.
The LCD must be easy to read and the interface must be simple to understand. It is itnihatdme
interfacebe intuitive to meet the transparency project requirement.

A character LCD was selected to provide visual feedback to the user and sewgpahentoptions

were researched. The device does not require a large amount of informatioa poesented to the

user; therefore, a large, muline LCD would be impractical and would occupy more space, forcing the
device to be larger. A twbne LCD is suitable to provide the user with all the necessary functionality.
The number of charactersep line was also an important factor in selectinglZD. Since it is a
requirement that the device be small, a modest 16x2 character display was selected by the team. This
will allow thedeviceto display all necessary informaticio, serve as a debuggiraid, andto provide the

user with the appropriate visual feedback.

Aesthetics were also a consideration in selecting the LCD. Given the options, the team felt that a blue
backilit display with white text was the easiest to read and the most aesthetidafigipg. An example,
available from Crystalfonts shown in Figure 6.1.
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Figure 6.1: Crystalfontz 16x2 STN Negative Blue Transmi¥ghite Edge LED Backlit LCD Module

The specific LCD that the team will be using in the prototype has not been selédttésitane.
However, the team already has experience interfacing with the indistengdard HD44780 LCD
controller. This experience will allow the team to quickly develop any LCD that uses the HD44780
controller. The team has a selection of Is@ih this controller atits disposable, so development can
begin immediately while the team waits for delivery of the seleatechponent

6.1.3.2 Buttons & Layout

The buttons allow the user to control the device by providing a way for the user to switch between
functionaland filtering modes, as well as naming audio recordings, changing the volume, and turning
the device on and off. The button layout must be intuitive to the user and provide satisfying tactile
feedback. Much of the button design and function depends orctireesponding mechanical case

design. Because of this fact, the team has decided that the button layout is more crucial than the button
type. Standard boarghountable normally closed buttons will be used in the prototype to keep the

design simple.

AppendixD demonstrates how the HMI will function and Figure @splays the basic layout.
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Figure 6.2: HMI Simulation and Layout

The LCD wishow the user which current functional mode the device is in, display the current filtering
selection, and prompt theser for input. The Mode button is used to change the filtering option. It is
necessary to make this a separate button because the user will be changing the filtering selection
frequently during use. The arrow keys are used to navigate the menus and éamterhes, as well as
control the rate of audio playback. The oval key in the middle of the arrow keys is an action key. It is
pressed to confirm a selection when the user is prompted for input and to control audio playback and
recording.

Other buttons thathe device will have, but are not pictured above in Figure 6.2, are a power button
and volume controls. At this time there has been no selection mode for these buttonis,rbust be
clear to the user what their function is.

6.1.4 Chest Piece

The quality of a acoustic stethoscope ggeatly affected byhe quality of its chest piece. [Rhythm
Reloaded] has considered this and kascludedthat the team does not have the technical expertise
necessaryo designthe mechanical aspects afhigh quality chespiece. Tie team has chosen to

modify an existinggOT$hest piece and place the microphone within it to maximize the benefits of
mechanical filtering thaare alreadypresent The decision has not been made as to which specific chest
piece to use; howewethere are two majocategoriesunder consideration. The first is a standard two
sided chest piece and the other is a pressure sensitive diaphragm chest piece. The first option is the
most comnon. It has one sidthat uses a diaphragm and is usedigten to the lungs and for general
auscultation. The other side is beHaped and is designed to specificalgnsmitheart sounds. The
secondchest piece optiomises a single diaphragm that changes its sound characteristics when pressure
is appliedand is designed to offeirsilar functionality to the twesided option.

6.1.4.1 Microphone

The team has chosen to use @lectret condenser microphone. The next step is to choose which

specific microphone to use. In this decision there are several criteriarthst be examined. The first
ONRAGSNAR2Y Aa (GKS YAONRLK2YySQa FTNBIljdsSSyoOe NBaLRyaSo
to 2kHz. Another option to consider is the directionality of the electret microph@mentdirectional

microphones pik upsignals equally well from all directignshile noisecancelling microphonesllow

the sound pressure to approhdhe diaphragm from both sided he disadvantage of using a noise
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