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Executive Summary

[Rhythm Reloaded] is a team of electrical and computer engineering students at Calvin College who participated in

a yearlong senior design project. The team has designed a wirelestronic stethoscope that streams, filters,

records, stores, and plays audio data from a medical patient. Some electronic stethoscopes currently on the
market have a few of these features, but none of them combine all of the features into one cohawawge. A

survey of the medical community has indicated that medical personnel would respond favorably to the proposed
device. The team originally hoped to design a microproceSsdry i N2 f £t SR LINRP G238 LIS GKI G
operating system. The deeiovould make use of Bluetooth audio streaming modules, an LCD module, button
interfaces, a hardware CODEC, an electret microphone, flash storage, and a USB interface. With much of this
RSOSt2LIYSy i O2YLX SGS3 K296SOSNE Ganéged) Gusivgashiftyirt fdcys torRus @S £ 2 LJ
emulation of the embedded system on a PC. [Rhythm Reloaded] was successful in demonstrating this emulation of
their prototype embedded system. The team was also successful in keeping to a budget and scheduigh althou
some variations were caused by unforeseen development issues. The team has concluded that it was successful in
fulfilling the project and class requirements.
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Glossary of Terms and Abbreviations

Term or Abbreviation Definition

AC Alternating Current

ADC Analog to Digital Converter

ALSA Advanced Linux Sound Architecture
API Application Program Interface

ASIC Application Specific Integrated Circuit
Auscultation The technique of listening to specific characteristics of body sounds
BDM Backgroundebug Module

BGA Ball Grid Array

BJT Bipolar Junction Transistor

BOM Bill of Materials

CEAC Calvin Engineering Advisory Council
Chestpiece The part of the stethoscope placed on the patient during auscultation
CODEC Encoder/Decoder

COTS CommerciaDff the Shelf

CRC Cyclic Redundancy Checks

DAC Digital to Analog Converter

DC Direct Current

DDR Double Data Rate

DMA Direct Memory Access

DSP Digital Signal Processor / Digital Signal Processing
DSPI Master/SlaveSerialPeripheral Interface
DW DornerWorks

EMC Electromagnetic Compliance

EMAC Enhanced Multiply Accumulate

EMI Electromagnetic Interference

EPMOD Edge Port Module

FCC Federal Communications Commission
FDA Food and Drug Administration

FET Field Effect Transistor

FIR Finitelmpulse Response

FPGA Field Programmable Gate Array

GNU Db! Qa b2i ! yAE
GPIO General Purpose Input Output

GPL GNU General Public License

GRUB GRand Unified Bootloader

GUI Graphical User Interface

HIPAA Health Insurance Portability and Accountabilitgt
HMI Human Machine Interface

12C Inter-Integrated Circuit

IDE Integrated Development Environment
IR Infinite Impulse Response

v intravenous

JTAG Joint Test Action Group

kB Kilo Byte

LCD Liquid Crystal Display

LED Light Emitting Diode

Lilon Lithium lon

LJ Left Justified

LKM Loadable Kernel Module
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NiCD Nickel Cadmium

NiMH Nickel Metal Hydride

MB Mega Byte

MMU Memory Management Unit

OEM Original Equipment Manufacturer

(OF] Operating System

PBGA Plastic BalGrid-Array

PC PersonalComputer

PCB Printed Circuit Board

PPFS Project Proposal and Feasibility Study

PVC Polyvinyl Chloride

QSPI Queued Serial Peripheral Interface

RAM Random Access Memory

RAMFS Random Access Memory File System

RC ResistorCapacitor

RF Radio Frequency

RFID Radio Frequency ldentification

RoHS Reduction of Hazardous Substances

ROMFS Read Only Memory File System

RTOS Real Time Operating System

SDRAM Synchronous Dynamic Random Access Memory

SNR Signal to Noise Ratio

Spectrogram A visual display of fopiency versus time with the intensity of the sound indicat
by a color gradient

SPI Serial Peripheral Interface

SREC Motorola SRecord

Tap Coefficient and delay pair used to implement digital filters

TFTP Trivial File Transfer Protocol

UART UniversalAsynchronous Receiv@ransmitter

UML Unified Modeling Language

USB Universal Serial Bus

VDC Voltage Direct Current

WAH Wireless Audio Headset

WAV Waveform audio format
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1 Introduction

The following report documentfRhythm Reloadd@ad RSaA 3y 27T | ofpe &d parOdi BRENER & G S |
339/340 Senior Design Engineering Project at Calvin Coll&getion2 gives an overview ahe challengdacing

the team Sectiom@ RS&AONA 6 Sa (KS (i Schafege Seé@ignfA®READWA 6 34 1 EKE (S YQa
marketable device, and Sectiorcbncludedi KS (Sl YQa SELISNASyOSao

1.1 Engineering Senior Design

The engireering program at Calvin College culminates in a senior design project sequérseries of courses
Engineering 339 and 340, servesaasansitionfrom the academic to th@rofessionalworld. In Engineering 339
studentsform teams of three tofive students andselecta project within their fieldof studyto completeover the

duration of their senior year. TheF ANE G &SYS&AGSNJ F20dzaSa 2y RSTAYyAy3 (KS
feasibility. The class lectures foausthe design procesggamwork, design norms, communication, management,

conflict resolution, research, and ethicend the integrationof these themeswith a Christian worldview.
Engineering 340 focuses primarily on tHesign and prototyping of the teamd OK2 &Sy LINR2SOG®
continue to teach the integration of faith and design. The coergminateswith a finalpublicpresentation of the

project on senior design night at the end of the spring semester.

1.2 Team [ Rhythm Reloaded ]

[Rhythm Reladed] is an engineering senior design team consisting ofdogineeringseniors inthe electrical and
computer concentrationNathan Brinks, Andy Gabler, Ben Moes, and David van Geest. Nathan grew up in Grand
Rapids, Michigan and is interestedaudio power amplifiers, automotive electronics, andbotics He also enjoys
working on automobiles and flying radamntrolled aircraft. Andy is son ofmissionaiesand has lived in Bolivia,
Colombia, the Philippines, and the US. He is intrigued by eteatyoetic 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, medical devices, and renewable eAside fromhis
academic workBen spends his time playing lacrosse, snowboarding, ministering with his Church, and being a
wonderful husband. Dad hails from London, Ontaridganada. He is passionate about digital hardware and
software design as weehs the French language. In his spare filDavid enjoys playing guitar, travelling, and
downhill skiing. The teais pictured inFigure 1.1.
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Figure 11: Team[Rhythm Reloadefi(from left: Nate Brinks, Ben Moes, Andy Gabl®avid van Geest)

2 The Problem

2.1 Description of the Challenge

Medical personnel who are actively involved in the treatment and diagnosis of patients use stethosagylasly.
Stethoscopes are used for pulse measuring, blood pressure monitoring, deghosis of cardiovascular,
respiratory, and digestive diseases.

The majority of stethoscopes currently on the market are acoustic devices that use purely passive mechanical parts
to isolate and focus sound generated by the bodythough these method$ave been used for years, the
simplicity of such devices is overshadowed by poor sound quality, discomfort to the user, and high cost. These
devices are also difficult and impractical to interface with modern technologies such as computers to record and
analyze body sounds.

The goal of this project is to design and prototype an electronic stethoscope that is comparable in cost, has better
acoustic response, and can interface with modern technologies better than the current electronic and acoustic
stethoscopes.

2.2 Definition of Project Success

The teamdefined success athe completion of a project that mehe requirements outlined in Sectioh.3. The
project should abo haveproduced a prototype that demonstratd these requirements.

2.3 Prototype Requirements

¢CKS F2fft2¢gAy3 NBldZANBYSyGa NBFfSOG GKS GSIYQa FAyL f
of the requirements for a final market product astteam nowenvisions it can be seen ie&ion4.1
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