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Abstract  

 

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

participating in a year-long senior design project.  The team aims to design an electronic stethoscope 

that records, filters, stores, and transmits to a computer 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 coherent package.  A survey of the medical community has 

indicated that medical personnel would respond favorably to the proposed device.  The team has 

decided to design a microprocessor-controlled prototype ǘƘŀǘ Ǌǳƴǎ ˃/ƭƛƴǳȄ ŀǎ ƛǘǎ ƻǇŜǊŀǘƛƴƎ ǎȅǎǘŜƳΦ  ¢ƘŜ 

device shall make use of a an LCD module, button interfaces, hardware CODEC, electret microphone, 

flash storage, and 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 team concludes that this project is 

feasible.  
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1 Introduction  

1.1 Engineering Senior Design  

The engineering program at Calvin College culminates in a senior design project sequence.  A series of 

courses, Engineering 339 and 340, serves as a transition from the academic to the professional world.  In 

Engineering 339, students form teams of three to five students and select a project within their field of 

study to complete over the duration of their senior year.  The first semester focuses on defining the 

ǎŎƻǇŜ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǇǊƻƧŜŎǘ ŀƴŘ ƛts feasibility.  The class lectures focus on the design process, 

teamwork, design norms, communication, management, conflict resolution, research, and ethics, and 

the integration of these themes with the Christian worldview.  Engineering 340 focuses primarily on the 

design and prototyping of the teamΩǎ ŎƘƻǎŜƴ ǇǊƻƧŜŎǘΦ  ¢ƘŜ ƭŜŎǘǳǊŜǎ ŎƻƴǘƛƴǳŜ ǘƻ ǘŜŀŎƘ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ 

faith and design.  The course culminates with a final public presentation of the project on senior design 

night at the end of the spring semester.   

1.2 Team [ Rhythm Reloaded ]  

[Rhythm Reloaded] is an engineering senior design team consisting of four electrical and computer 

engineering seniors: Nathan Brinks, Andy Gabler, Ben Moes, and David van Geest.  Nathan grew up in 

Grand Rapids, Michigan and is interested in audio power amplifiers, automotive electronics, and 

robotics.  He also enjoys working on automobiles and flying radio controlled aircraft.  Andy is a son of 

missionaries and has lived in Bolivia, Colombia, the Philippines, and the US.  He is 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, Iowa and enjoys studying 

embedded systems, medical devices, and renewable energy.  Aside from his academic work, Ben spends 

his time playing lacrosse, snowboarding, ministering with his Church, and being a wonderful husband.  

David hails from London, Ontario, Canada.  He is passionate about digital hardware and software design 

as well as the French language.  In his spare time, David enjoys playing guitar, travelling, and downhill 

skiing.  The team is pictured in Figure 1.1. 
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Figure 1.1:  Team [Rhythm Reloaded] 

1.3 Introduction to the Problem  

Nearly all medical personnel actively involved in the treatment and diagnosis of patients use 

stethoscopes on a daily basis. Stethoscopes are used for pulse measuring, blood pressure monitoring, 

and diagnosis 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 body. Though these methods have been 

used for years, the simplicity of such devices is overshadowed by poor sound quality, discomfort, and 

high cost. These devices are also difficult 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 

acoustic stethoscope. 

2 Objectives 
A detailed requirement outline can be seen in Appendix A. This section contains a breakdown and 

explanation of the various objectives associated with the teamΩǎ electronic 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 prototype that 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  

The project 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 production.  

3. The device must conform to the following three design norms: Transparency, Integrity, and 

Stewardship.  

Although other design norms such as Cultural Appropriateness, Justice, Mercy, Caring, and Trust will 

play important roles in the overall design of the device, the team has decided that the three selected 

design norms will govern the majority of the work performed by the team. 

The device must be transparent for it to be accepted by the market. A device that is used on a daily basis 

must be intuitive for even a non-technical user. A doctor or nurse must be able to pick up the device and 

use it, without instruction, within a few minutes. Without this characteristic, the device will not be 

accepted in a market dominated by an acoustic solution recognized for its simplicity. 

The device must have integrity to comply with health regulations, electronics regulations, and to 

accurately reproduce body sounds. A poor representation of the sounds produced by the body will make 

the device an unviable option for those working in the medical field, and may cause a medical 

professional to misdiagnose a disease. 

The device must also use resources in a stewardly manner. If the device costs more than an acoustic 

stethoscope without providing improved features, it is a poor use of financial resources. The device 

must also minimize environmental impact. If the device is not energy efficient, it will use up too much 

energy to be useful for long shifts and high-stress environments. 

2.3 Course Requirements  

Several course requirements must be met by the team. The team shall strive to cooperate in a civil and 

professional manner. The team members are required to give a weekly status report of their progress 

and present any issues they have discovered for the team to discuss. All members must 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 with a way to listen to the internal body sounds of a patient and 

should operate in a similar fashion to a traditional acoustic stethoscope. The device will require an 

instrument to hear the body sounds, the ability to electronically process these sounds, and the 

capability to output these sounds to the user. Furthermore, the device must provide a way to emphasize 

and separate the sounds of the heart, lung, and bowels. Also, it must allow the 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 for a minimum of 8 hours. The power source and circuitry must provide 

adequate voltage for the electronic components to function properly. The selected power source must 

be simple to recharge and replace. 

2.4.3  Interface 

2.4.3.1 Human-Machine Interface  

The human interface shall be intuitive and simple to use.  It provides the user with a first impression of 

the device and often is a deciding factor in its acceptance by the market. The essential HMI that the 

device must provide are visual and tactile. 

2.4.3.1.1 Visual 

The visual interface must provide the user with information about operating modes, recording 

information, and audio file names. The interface must give timely feedback to the user when the user 

provides tactile input. 

2.4.3.1.2  Tactile 

The tactile interface must be able to pass user commands to the device to control its operation. This 

interface must be intuitive and simple, but with enough functionality to fulfill the device operating 

requirements. 

2.4.3.2 Data 

 The data interface must provide the user with a method of transferring audio files from the device to a 

computer. This interface must be readily available, easy to understand, and have a high data transfer 

rate. 

2.4.3.3  Audio 

The audio interface must provide the user with an accurate representation of body sounds. This means 

that there must be no noticeable time delay or distortion between analog audio input and output. 

2.4.4 Audio Storage 

The device shall be able to store audio recordings in non-volatile 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 device, as well as any proposed manufacturing 

processes, must have minimal impact on the environment relative to alternative solutions. 

2.4.7 Economic 

The final market device must be constructed so that the price falls within or below the price of similar 

ŜƭŜŎǘǊƻƴƛŎ ǎǘŜǘƘƻǎŎƻǇŜ ǇǊƻŘǳŎǘǎΦ ¢ƘŜ ǇǊƻǘƻǘȅǇŜ Ƴǳǎǘ ōŜ ŎƻƴǎǘǊǳŎǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǘŜŀƳΩǎ ōǳŘƎŜǘΦ 

2.4.8 Safety 

The device must not harm the patient or the user. The component and materials selection should not 

cause discomfort or pain. 

3 Market Research  

3.1 Medical Community Surveys  

¢ƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ǘƘŜ ƳŜŘƛŎŀƭ ƳŀǊƪŜǘ ǿƻǳƭŘ ǊŜǎǇƻƴŘ ŦŀǾƻǊŀōƭȅ ǘƻ ǘƘŜ ǘŜŀƳΩǎ ǇǊƻǇƻǎŜŘ ǇǊƻŘǳŎǘΣ 

surveys were distributed to any accessible member of the medical community. Receivers of the survey 

included hospice nurses at Hospice of Michigan, nurses and doctors at Hospice of Union County, 

ǎǘǳŘŜƴǘǎ ƛƴ /ŀƭǾƛƴΩǎ ƴǳǊǎƛƴƎ ǇǊƻƎǊŀƳΣ ŀƴŘ ǾŀǊƛƻǳǎ ƻǘƘŜǊ ŎƻƴǘŀŎǘǎΦ ¢ƘƛǊǘȅ ǊŜǎǇƻƴŘŜƴǘǎ ǇŀǊǘƛŎƛǇŀǘŜŘ ƛƴ ǘƘŜ 

survey, including 21 nurses (70%), 2 doctors (7%), 6 students (20%), and 1 nurse practitioner (3%).  A 

compilation of the survey questions and results can be seen in Appendix E.  Overall, the response to the 

product was favorable. Seventy-eight percent of respondents indicated that they would use the 

stethoscope if it was provided by their employer. This 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. Twenty-five percent 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 indicated that they would not, and 36 percent indicated 

that they were unsure.  While the team would have liked more people to be favorable towards 

purchasing the device with their own funds, there were a number of factors that influenced the 

responses.  Firstly, ǘƘŜ ǉǳŜǎǘƛƻƴ ŘƛŘ ƴƻǘ ŀŎǘǳŀƭƭȅ ƘŀǾŜ ŀƴ Ψ¦ƴǎǳǊŜΩ ǊŜǎǇƻƴǎŜΣ ǎƻ ǊŜǎǇƻƴŘŜƴǘǎ ǿŜǊŜ ŦƻǊŎŜŘ 

either ǘƻ ŎƘƻƻǎŜ ōŜǘǿŜŜƴ Ψ¸ŜǎΩ ŀƴŘ ΨbƻΩΣ ƻǊ ƘŀŘ ǘƻ ǿǊƛǘŜ ƛƴ ǘƘŜƛǊ ƻǿƴ ŀƴǎǿŜǊΦ  Lƴ ǊŜǘǊƻǎǇŜŎǘΣ ǘƘŜ ǎǳǊǾŜȅ 

should have used a scale from 1 to 10 to indicate willingness to purchase 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 their 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 pay, on 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, and lack of amplification ability.  All 

of these problems are addressed by the ǘŜŀƳΩǎ proposed device. 

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

Gastroenterology to discuss the proposed product.  Dr. Janardan responded favorably to the idea, 

ŀƭǘƘƻǳƎƘ ƘŜ ǿŀǎ ƴƻǘ ǎǳǊŜ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ǳǎŜŦǳƭƴŜǎǎ ƛƴ Ƙƛǎ ǇŀǊǘƛŎǳƭŀǊ ŀǊŜŀ ƻŦ ǎǇŜŎƛŀƭƛȊŀǘƛƻƴ 

(gastroenterology ς the study of the digestive system).  However, he did think that the product would be 

helpful to cardiologists, and 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 of a chest piece connected by hollow tubing to two earpieces, as 

shown in Figure 3.1.  The chest piece typically has two different sides, a bell and a diaphragm.  The bell 

side is in the shape of a hollow cup.  When placed on 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 low-

frequency sounds such as those produced by the 

heart.  The diaphragm side of the chest piece is 

usually a plastic disc stretched over a hollow cup.  

Sound waves from the body vibrate the 

diaphragm, sending acoustic pressure waves 

through the tubing to the earpieces.  The 

diaphragm is used to listen to high-frequency 

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 body sounds 

difficult to hear.   In the survey conducted by the 

team, 14 of 30 respondents, all of whom use acoustic stethoscopes, cited difficulty in hearing body 

ǎƻǳƴŘǎ ƛƴ ŀƴǎǿŜǊƛƴƎ ǘƘŜ ǉǳŜǎǘƛƻƴ ά²Ƙŀǘ Řƻ ȅƻǳ ŘƛǎƭƛƪŜ ŀōƻǳǘ ȅƻǳǊ ŎǳǊǊŜƴǘ ǎǘŜǘƘƻǎŎƻǇŜΚέ  {ŜǾŜƴ ƻŦ 

these 14 respondents specifically cited ambient noise as a cause of this difficulty.  Other difficulties given 

by survey respondents included 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, although some high-end 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.  

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 have gained any acceptance in everyday medical practice.  This is because historical electronic 

stethoscopes were typically bulky and non-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 summarized in Table 3.1. 

Table 3.1:  Existing Market Electronic Stethoscopes 

Company Product List Price Features (As Given By Product Documentation) 

3M 
  
  
  
  
  
  
  

Littmann® 
Model 

4100WS 
  
  
  
  
  
  

$510.88 
  
  
  
  
  
  
  

75% ambient noise reduction 

Includes PC or Pocket PC software to see heartbeat 

Infrared transmission to other stethoscope or PC (115 Kbps data 
rate) 

3 frequency modes: bell (20 - 200 Hz), diaphragm (100 - 500 Hz), 
extended (20 - 1000 Hz) 

Recording/playback of 6 tracks of 8 seconds in uncompressed WAV 
format 

Heart rate display on LCD 

20 hour use from 2 AAA batteries 

7.2 ounces, 27 inch length, normal form factor 

3M Littmann® 
Model 
3000 

$375.00 75% ambient noise reduction 

Single AAA battery gives 200 hours use 

Auto shut-off after 3 minutes 

Available in 5 colours 

5.6 ounce, 29 inch length, traditional form factor 

Low friction chest piece 

Different frequency modes 

Thinklabs ds32a $279.00 Acoustic/electronic mode, tunable diaphragm 

2 AAA batteries, 6.4 ounces 

Ambient noise reduction 

Power, bell-diaphragm, amplify buttons, volume control 

Auto shut-off (customizable) 

Analog audio input/output 

15 Hz - 20000 Hz frequency response 

Cardionics 
  

E-Scope II $335.00 
 

Optional PDA interface, PDA display software 

Frequency switch: heart (20 - 1000 Hz), lungs (70 - 2000 Hz) 

2 minute auto-off 

AAA battery with 6 month life 

Volume control, frequency switch 

$430.00 Headphone model 
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$575.00 EMS model (high-quality studio-style headphones) 

Welch 
Allyn 

Master 
Elite 

$281.38  Rotating earpieces 

Bell/diaphragm modes, 20 - 20000 Hz 

1 year battery life 

170 grams 

PC software 

ADSCOPE 657 $249.98 Bell (15-200 Hz), Diaphragm (100 - 500 Hz), Extended (15 - 4000 Hz) 

16 level volume control 

3 V lithium battery (150 hours) 

3 minute auto shut-off 

 

While some of these existing electronic stethoscopes have some features in common with the ǘŜŀƳΩǎ 

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 4100 maintains the form factor of a traditional acoustic 

stethoscope, adding enough flash memory to this device to compete with the memory offered by the 

ǘŜŀƳΩǎ ŘŜǾƛŎŜ Ƴŀȅ ōŜ ŀ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ƻǇŜǊŀǘƛƻƴ ǘƘŀƴ ǳǎǳŀƭΦ  Lƴ ŀ ōǳǎȅ ƘƻǎǇƛǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ǿƘŜǊŜ 

numerous recordings 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 data must be transferred by infrared; downloading all six tracks of 

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

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

user input is required at least every 1.6 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 like it better because 

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 lower online price iǎ ǘǿƛŎŜ ǘƘŜ ǇǊƻƧŜŎǘŜŘ Ŏƻǎǘ ƻŦ ǘƘŜ ǘŜŀƳΩǎ ŘŜǾƛŎŜΦ In light of these 

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.  The German patent website www.depatisnet.de, an 

ŜȄŎŜƭƭŜƴǘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǇŀǘŜƴǘ ǿŜōǎƛǘŜΣ ŦƛƴŘǎ мтф ŘƛŦŦŜǊŜƴǘ ǇŀǘŜƴǘǎ ǿƘŜƴ άŜƭŜŎǘǊƻƴƛŎ ǎǘŜǘƘƻǎŎƻǇŜέ ƛǎ 

entered as the search term.  The team briefly reviewed several of the international patents and did not 

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

listed newer than 1974, and the results of this review can be seen in Appendix C.  Again, ǘƘŜ ǘŜŀƳΩǎ ƛŘŜa 

seems to be fairly unique.  However it does use ideas found in some of the patents, for example, the use 

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

computer, and LCD display.  One or more of these aǊŜ ǇŀǊǘǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ǇŀǘŜƴǘǎΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ǘŜŀƳΩǎ 

http://www.depatisnet.de/
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design combines them in a new way.  A few of the patents summarized in Appendix C that were fairly 

close to one ŀǎǇŜŎǘ ƻŦ ǘƘŜ ǘŜŀƳΩǎ ŘŜǎƛƎƴ ǿŜǊŜ ƳŀǊƪŜŘ ŀŎŎƻǊŘƛƴƎƭȅ ŀƴŘ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ Table 4.1.  The 

team, acknowledging its lack of experience in this area, does not feel that Table 4.1 is an exhaustive list 

of the different patents that its design may build on.  Therefore, it is ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ōŜŦƻǊŜ ǘƘŜ ǘŜŀƳΩǎ 

final electronic stethoscope design goes to market, or before any patent application is made, a patent 

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

Table 4.1: Intellectual Property Concerns 

Publication number Title Comments/Description Year 

US020030002685A1 [  ] Electronic 
stethoscope 

An ausculation aid that couples with an 
acoustic stethoscope, but also could 
transmit wirelessly to a base station 
which transfers real time data to a 
computer. 

2003 

US000006396931B1 [  ] ELECTRONIC 
STETHOSCOPE 
WITH 
DIAGNOSTIC 
CAPABILITY 

Describes a self-contained device with a 
screen and built-in speaker that stores 
typical sounds to compare with what is 
heard.  Chest piece is built into device. 

2002 

US000005825895A [  ] Electronic 
stethoscope 

Describes a stethoscope with several 
"modes" of operation: heart, lungs, 
abnormal heart and normal heart 
boost.  Same package as a traditional 
stethoscope.  Digital but no recording. 

1998 

US000005774563A [  ] COMBINED 
ELECTRONIC 
ACOUSTICAL 
STETHOSCOPE 

Describes a dual electronic/acoustic 
stethoscope.  Rotatable chest piece.  
Mic placement in the chest piece is the 
only concern.  

1998 

US000005932849 Stethoscope 
having 
microphone 
therein 

Describes a chest piece with a 
microphone within the acoustic 
pathway. 

1999 

 

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 to questions regarding ownership of intellectual property, the team has not yet agreed to 

terms of the relationship with DornerWorks. The situation is further complicated by the fact that Dr. 

Steven VanderLeest, the team adviser, is the Director of Engineering at DornerWorks. Meeting with the 

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

Sykes or Prof. Nielson regarding patent issues. The team will continue to report to Dr. VanderLeest 

through the year; however, it will meet with either Dr. Sykes or Prof. Nielson on all matters relating to 

patentable ideas and issues over sponsorship. 
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5 Alternative Solutions  

5.1 Form Factor  

There were three main form factors considered for the electronic stethoscope. The traditional form 

factor, which is based on a standard acoustic stethoscope, was first considered.  It follows an in-line 

approach that is demonstrated by [ƛǘǘƳŀƴΩǎ пмлл²{ ǎŜŜƴ ƛƴ Figure 5.1. This format is very popular with 

electronic stethoscopes found in market research.  

 

Figure 5.1: Littman 4100WS -Traditional Form Factor 

The second form factor considered was a compact design. This form factor removes the cord between 

the headset and the chest piece by placing everything in a single unit. The user is provided with a 

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

weight ŦǊƻƳ ǘƘŜ ƘŜŀŘǎŜǘ ŀƴŘ ǇƭŀŎƛƴƎ ƛǘ ƛƴ ǘƘŜ ǳǎŜǊΩǎ ƘŀƴŘΦ  

A third option involves a complete departure from the traditional design. A central unit contains the 

electronics, and a chest piece and headphones are connected to this unit by cables.  The Cardionics E-

Scope II Headphone Model demonstrates this form factor in Figure 5.2. 
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Figure 5.2: Cardionics E-Scope II ς Non Traditional Form Factor 

All of these solutions are viable, as they each have certain advantages and disadvantages. The traditional 

design is widely accepted with medical personnel and may be considered as 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 design is beneficial because it has fewer cords. This would provide greater convenience to 

the user who does not have to spend time untangling cords. The 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 frame.  It also limits the functionality of the HMI on the device because of its size. 

The non-traditional design also has distinct advantages and disadvantages. The device can be 

conveniently clipped to a belt or waist band, or simply placed in a pocket. Also, since the weight of the 

electronics are not being supǇƻǊǘŜŘ ōȅ ǘƘŜ ǳǎŜǊΩǎ ŜŀǊǎ, the casing can contain features not suitable for a 

traditional stethoscope, such as an LCD screen, larger battery, and more storage capacity. The non-

traditional design may also be favorable to the young user because it is reminiscent of a portable media 

player. Therefore, the team has chosen the traditional design because it feels that this form factor has 

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 design and development 

time are very important factors because of the limited time 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 aspect, describes the potential of the architecture to implement different functions, 

while included functionality describes the functions that are already present without any design work.  

Because this device shall be low-cost compared to other products, the price of the controller is 
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important.  Size also figures prominently because of the 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, FPGAs require long development time and have very weak hardware abstraction.  Much of the 

FPGA design work for this project would be redesigning components 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 Soft-Core Microprocessor 

This option is more attractive than the FPGA option because it combines the versatility of the FPGA with 

the included functionality and hardware abstraction of the microprocessor.  It retains many strengths of 

the FPGA, such as speed and power consumption.  However, the number of available soft-core 

processors is much smaller than the number of available microprocessors.  The team does have 

extensive experience with one FPGA/Soft-Core 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, low-power, and 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 hard-wired logical design.  While software design can be as complex as hardware design, 

there are many resources available to the developer, and software is readily available in many different 

forms.  Development time for microprocessor software is slightly better than development time for 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 disadvantages include 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 team considered 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, size, and power consumption to be very 

unfavorable.  They do not interface easily with other modern components, and the team has no 

experience in their design.  While it is theoretically possible for an analog controller to direct all the 
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functionality of the proposed device, it is extremely impractical.  These disadvantages are evidenced by 

the lack of any similar 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 

¢ƘŜ ǇǊŜŎŜŘƛƴƎ ŎǊƛǘŜǊƛŀ ŀƴŘ Ƙƻǿ ǘƘŜȅ ŀŦŦŜŎǘŜŘ ǘƘŜ ǘŜŀƳΩǎ ŘŜŎƛǎƛƻƴ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ǘƘŜ ŘŜŎƛǎƛƻƴ ƳŀǘǊix 

shown in Table 5.1.  The microprocessor option was clearly the most advantageous, therefore it was 

chosen.  

Table 5.1: Controller Decision Matrix 

Criterion Weight FPGA FPGA w/ Soft-Core 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 used daily, this option is very 

inappropriate. 

The second option, which the team chose, is to use a rechargeable battery pack. Specific rechargeable 

technologies, such as Li-Ion, are more versatile because they come in a convenient, flat form factor. This 

option is also favorable 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 Human-Machine Interface 

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 or an LCD module. 
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LEDs are a popular method of informing a user of the condition of an electronic device. In many 

electronic devices they are the primary source of visual feedback to the user. The team has decided, 

however, that in this situation they are not adequate. LEDs would limit the functionality of the device 

because they cannot practically display enough information.  

A LCD module ƛǎ ǘƘŜ ǘŜŀƳΩǎ ŎƘƻǎŜƴ ƻǇǘƛƻƴ ǘƻ ǇǊƻǾƛŘŜ Ǿƛǎǳŀƭ ŦŜŜŘōŀŎƪ ǘƻ ǘƘŜ ǳǎŜǊΦ !n LCD can present a 

wide variety of information. LCDs, by nature, are very flexible devices. They allow the designer to easily 

add or remove functionality. They also benefit the user by providing graphical or textual feedback that is 

easily understandable instead of relying on the simple logical state of an LED being off or on. An 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. 

LCD modules come as graphical displays or character displays. While the team feels that 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 minimal design 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 conjunction 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 suitable for 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 not add any additional 

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 interface. Buttons provide a simple way for the user 

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

to provide maximum efficiency. Buttons are also very simple and 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 data interface of the device shall provide communication to a computer in order to transfer audio 

files to or from the device. Several options include USB, RS-232, Infrared, BluetƻƻǘƘϰΣ ²ƛǊŜƭŜǎǎ ¦{.ϰΣ ƻǊ 

an electromagnetic induction loop. 

The slow speed of RS-232, electromagnetic induction, and infrared interfaces render these options 

cumbersome and inconvenient for the user. Lack of these interfaces on most modern PCs also prevents 

them from being used easily. These interfaces will not be implemented on the device. 
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²ƛǊŜƭŜǎǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ .ƭǳŜǘƻƻǘƘϰ ŀƴŘ ²ƛǊŜƭŜǎǎ ¦{.ϰ Ƴŀȅ ōŜ seen as convenient for the 

consumer; however, these interfaces require additional expense to be added to most COTS PCs, and 

demand that the user have a certain degree of technical expertise to configure the connection. These 

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

restrictions on wireless devices.   Furthermore, wireless transmission of patient data raises serious 

issues with data privacy, unless the transmission is encrypted. Encryption requires another level of 

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

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

/ǳǊǊŜƴǘƭȅΣ ŀ ¦{.ϰ ό±ŜǊǎƛƻƴ 2.0) interface presents the most advantages to toŘŀȅΩǎ ŎƻƴǎǳƳŜǊǎΦ aƻǎǘ 

modern PCs are equipped with USB ports supporting Version 2.0 and 1.1Φ ¢ƘŜ ƭƻǿ Ŏƻǎǘ ƻŦ ǎǘŀƴŘŀǊŘ ¦{.ϰ 

cables are also ideal. The hƛƎƘ ǎǇŜŜŘ Řŀǘŀ ǘǊŀƴǎƳƛǎǎƛƻƴ ǊŀǘŜǎ ƻŦ ¦{.ϰ ŀƭǎƻ ƘŜƭǇ Ƴŀƪe this the best 

option to be implemented on the device. 

5.2.4 Media Storage 

5.2.4.1 Media Type  

Many options are available for media storage including, flash, removable flash media (SD or thumb 

drive), mini hard drive, and optical media such as CDs or DVDs. 

Size and weight requirements of the device prevent optical media from being used. Optical media, 

typically 12 cm in diameter, would increase the overall size and weight of the device beyond the 

constraints envisioned for a final market product.  

While removable flash media provide the possibility of expandable memory capabilities (memory cards 

may be replaced as larger capacity cards becomes less expensive), these devices also pose potential 

problems for physical size constraints. These media require additional connectors, increasing the overall 

size of the device. Such devices may also become obsolete as time goes on. Though current removable 

flash media have large market shares, these may eventually be phased out by another technology.  

Another disadvantage of using 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 given its low cost, small size, and large memory density. 

Flash memory can be easily incorporated internally to the device. Given its cost, size, and density 

advantages, the storage media for the device will be internal flash. 

5.2.4.2 Audio Recordings 

Once an audio file has been recorded, the file must be identified for later playback or transfer. Options 

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. 

Automated number schemes based on sequential order (file1, file2, etc.) would be the simplest to 

implement in the device. However, if several recordings are taken in a single shift and accessed at the 

end of that shift, it may prove difficult for the user to remember which recordings are for which 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 files may also prove difficult during busy shifts if multiple recordings are 

taken in rapid succession. This method would also require a real-time clock running on the device to 

keep accurate measure of the date and time. A real-time clock could require extra hardware on the 

prototype, and would require a continuous power source even while the device was turned off. 

File names automatically specified by patient number would allow for a more intuitive and faster 

naming method for the user. However, in order to automatically upload the patient number, the device 

would need an interface capable of reading the patient number. A barcode scanner, RFID receiver, or 

plug-in 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 care center. 

Prompting the user for a filename is the most intuitive method for the naming of audio files. The user 

would be able to specify the necessary file information at the time of recording. A user accessing files 

several days after recording would find it easier to identify files they had named 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 user will be required to scroll through each character choice one by one, drastically 

increasing the amount of time it will take to complete a recording. Using a patient name as the filename 

also poses possible conflicts with HIPAA regulations, but the team defers to the user to comply with 

these rules. To mitigate the time-consuming process of entering filenames manually, the device will also 

allow the user to use an auto-generated sequential filename as discussed previously. 

5.2.5 Audio 

5.2.5.1 Input 

There are multiple microphone types that can be used in the chest piece of an electronic stethoscope 

for converting body sounds into an electronic signal. There are four standard types of microphones that 

may be considered for application in an electronic stethoscope: electro dynamic, carbon granule, 

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 good frequency response but it is very fragile and large.  The standard condenser 

microphone requires a large polarization voltage to operate, generally on the order of +48V.   

5.2.5.1.1 Electro Dynamic 

A microphone, in general, works on the principle of a circuit that generates a voltage in proportion to 

the displacement of a diaphragm.  The electro dynamic microphone, frequently abbreviated as dynamic 

microphone, is the simplest type.  It consists of a permanent magnet surrounded by a coil of wire that 

moves within the magnetic field as the diaphragm of the microphone moves, thus 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 2007).  The challenge of a dynamic microphone is that it tends to have 

limited sensitivity (White 1998), 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 microphone is inexpensive and durable, though it is an older technology.  The 

carbon microphone consists of carbon granules compressed between two 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 granules, changing their resistance, and varying the output current (Microphone 

2007).  The sensitivity of the carbon granule microphone tends to be fairly high. However, the frequency 

response is poor (Gentex Corporation 2007).   

5.2.5.1.3 Electret Condenser 

Electret condensers use the sound pressure incident on the 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 this type is that the electret requires 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 types because it is not air coupled, but rather 

directly coupled to the surface to measure the vibrations.  These microphones work due to the physical 

properties of piezo crystals which generate a voltage when stressed (Microphone 2007).   

From this basic introduction one should be able to better understand the decision matrix seen in Table 

5.2.  

Table 5.2:  Microphone Type Decision Matrix 

Criterion Weight Electret Carbon Granule Electro Dynamic Piezo 

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 Immunity 1 9 9 9 8 

Weight 1 9 7 5 7 

  Total: 331 233 255 213 

5.2.5.1.5 Major Microphone Criteria 

Table 5.2 compares the four types of microphones discussed above and assigns various weights to each 

ŎǊƛǘŜǊƛƻƴΦ  IŜƭǇŦǳƭ ƛƴ ǘƘƛǎ ŘŜŎƛǎƛƻƴ ǿŜǊŜ Wƻƴ {Φ ²ƛƭǎƻƴΩǎ Sensor Technology Handbook ŀƴŘ ά!ǇǇƭȅ ŜƭŜŎǘǊŜǘ 

microphones to voice-input designs,έ ŀ ǿƘƛǘŜ ǇŀǇŜǊ ǇǳōƭƛǎƘŜd by Gentex Corporation.  The major 

criteria warrant a brief description.  The first of these criteria is integrity.  This is a design norm that the 

team feels is important to this project.  The electronic stethoscope that is designed must accurately 

represent any signal it receives, and a high quality microphone is crucial to fulfill this requirement.  The 

next criteria is cost; inexpensive microphones are rated more highly.  Availability requires that many 
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different models of the microphone type are available for purchase, and easy to order from an OEM.  

Frequency response is the most significant factor, because if the microphone type does not respond well 

to the frequency range needed, 10Hz to 2kHz (Andries Acoustic, 1999), it cannot be used.  Sensitivity is 

another important consideration.  If the sensitivity level is too low, the signal to noise ratio becomes 

intolerable.  The last major criterion is the size ƻŦ ǘƘŜ ŜƭŜƳŜƴǘ ƛǘǎŜƭŦΦ  Lƴ ǘƘŜ ǘŜŀƳΩǎ application the 

microphone needs to be fairly small to fit well within the chest piece without major modification.   

5.2.5.1.6 Minor Microphone Criteria 

The other four minor criteria that can be seen in Table 5.2 are familiarity, shock resistance, 

electromagnetic interference (EMI) immunity, and weight.  Familiarity was chosen as a criterion because 

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

Ǝƻ ƳƻǊŜ ǎƳƻƻǘƘƭȅΦ  !ƴƻǘƘŜǊ ƳƛƴƻǊ ŎǊƛǘŜǊƛƻƴ ƛǎ ǘƘŜ ƳƛŎǊƻǇƘƻƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜǎƛǎǘ ǎƘƻŎƪΦ  ¢Ƙƛǎ ƛǎ ƛƳǇƻǊǘŀƴǘ 

because the electronic 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 should not be too heavy. 

5.2.5.1.7 Microphone Decision 

It can be seen in Table 5.2 that the electret condenser is an excellent choice.  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 must be converted into a digital stream. 

This conversion also allows the device to digitally filter the audio stream. The digital audio stream must 

be converted back into an analog audio stream for real-time listening, as well as audio file playback. 

These conversions may be done in several different ways, including analog to digital converters (ADCs) 

and digital to analog converters (DACs) on-board the microprocessor, separate ADC and DAC 

components, or by using a hardware CODEC. 

ADCs and DACs on-board the microprocessor require few extra components, thus reducing cost. 

However, most on-board ADCs and DACs offer lower resolution than their discrete counterparts. These 

devices also require additional software implemented inside the microprocessor to control the input 

and output volume. 

External ADCs and DACs are often low cost and simple to implement, but also require additional 

software to control input and output volume levels as well as software to control each individual 

component. 

Hardware CODECs, though more expensive than either previous option, do not add significant costs to 

the device ($3.00 or less, typically). CODECs have the advantage of internal gain adjusters for the input 

and output, internal headphone drivers, and audio stream mixing. These devices do require software to 

control the device as well as the 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 specified.  A hardware CODEC, which 

stands for encoder and decoder, is a device that uses both ADCs and DACs, along with additional 

hardware, to convert audio streams to digital and analog, whereas a software codec is an algorithm 

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

document, the word ά/h59/έ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ǎǇŜŎƛŦȅ ŀ ƘŀǊŘǿŀǊŜ CODEC. 

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 design (Section 6.1.2). 

5.2.5.3 Filtering 

5.2.5.3.1 Auscultation 

The purpose of a stethoscope is to aid in auscultation which defined as άǘƘŜ ŀǊǘ ƻŦ ƭƛǎǘŜƴƛƴƎ ǘƻ ǎǇŜŎƛŦƛŎ 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ōƻŘȅ ǎƻǳƴŘǎΦέ  ¢ƻ Řƻ ǘƘƛǎ, the stethoscope must accurately reproduce the five major 

characteristics of body sounds: timing, frequency, duration, intensity, and shape (Andries Acoustics, 12 

1990).   It is essential that a stethoscope not interfere with these characteristics.  This is especially 

critical for an electronic stethoscope when it filters the sounds it receives.  The microphones used in 

electronic stethoscopes often pick up background noise, which, if transmitted to the user, will distort 

the intensity and shape of the body sound; therefore, it is important to filter that signal and only 

reproduce the sounds of interest.   

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 experimental study performed by Andries Acoustic while designing the 

electronic stethoscope for the Space Station Freedom Health Maintenance Facility indicates a similar 

range of 20Hz to 600Hz; with a range of 20Hz to 220Hz for the heart, 50 to 600Hz for the lungs, and 

20Hz to 600Hz for the bowels.  This data explains the 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 modes to the user using mechanical filtering.  The chest 

piece of a traditional acoustic stethoscope is often designed with two sides: a bell and a diaphragm.  The 

bell is used to listen to the heart, and the diaphragm to the lungs (Dicken, 5 2000).  Some of the newer 

stethoscopes use a pressure sensitive diaphragm to simulate similar mechanical filtering.  The 

mechanical filtering utilizes the shape of the chest piece itself to pass only the frequencies desired.   

5.2.5.3.3 Analog Electronic Filtering 

There are two kinds of electronic filtering, 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 components to implement different filters such as the 

Butterworth, Bessel, and Chebyshev.  The biggest disadvantage of the analog filter is the large number 

of components needed to implement a filter that has sufficient roll-off at the desired cutoff frequency.  

Another disadvantage is the nonlinear group delay that characterizes many of these analog 

implementations.  Also, the multiple analog components required can add noise 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 (IIR), can both 

be implemented on a microprocessor in software.  The FIR filter has the advantages of easy design for 

linear group delay, simple implementation, and coefficients requiring fewer bits of precision than the 

IIR.  The IIR filter differs from the FIR in that it utilizes feedback.  The result is that the IIR suffers from 

compounding calculation errors.  The major benefit of the IIR is that it can be implemented using less 

memory and fewer taps (Iowegian, 2006).   The IIR filter, however, was derived from analog filters and 

generally has a nonlinear group delay (Lecture 8 2006).  This delay is undesirable in an electronic 

stethoscope because it can cause delay in body sounds of different frequencies and may lead to a 

misdiagnosis. Therefore, the FIR is a good choice for filtering the body sounds. 

 [Rhythm Reloaded] has chosen to use filtering to model the functionality provided by a traditional 

stethoscope, and 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, however, that mechanical and analog filtering 

will not also be used in the stethoscope.  Mechanical filtering in the chest piece will be used to pass the 

body sound into the microphone and reject ambient noise.  Analog filters will be  used for anti-aliasing 

before the ADC, and for reconstruction after the DAC. 

5.2.5.4 Output 

Lǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ώwƘȅǘƘƳ wŜƭƻŀŘŜŘϐΩǎ ŜƭŜŎǘǊƻƴƛŎ ǎǘŜǘƘƻǎŎƻǇŜ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ǊŜǇǊƻŘǳŎŜ ǘƘŜ body sounds 

to the user.  The output of the electronic stethoscope must be capable of reliably reproducing sounds 

from 20Hz to 5kHz.  Because an audio codec is being used for the analog to digital and digital to analog 

conversion, a headphone (line level) driver with volume 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 speaker, necessarily small to fit inside the ǎǘŜǘƘƻǎŎƻǇŜΩǎ ŘŜǎƛǊŜŘ ŦƻǊƳ ŦŀŎǘƻǊΣ ǿƻǳƭŘ ōŜ ŘƛŦŦƛŎǳƭǘ 

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 proprietary pair of headphones could also easily be 

made to interface with that same interface; thus the choice is between an eighth inch or quarter inch 

standard headphone jack.  The quarter inch jack is physically too large for the desired form factor; 

therefore, the team chose a standard eighth inch headphone jack.   

The team also had to decide between designing a proprietary pair of headphones or using a 

commercially available pair.  The latter is the most reasonable approach because this team does not feel 

confident designing a pair of headphones that would be of high enough fidelity for the stethoscope.  

Thus, for the prototype, high quality commercial headphones will be used for the output of the 

electronic stethoscope. 

5.3 Block Diagram  

The block diagram shown in Figure 5.3 gives a system-level overview of the device as described in the 

previous sections. The components selected to fulfill these functional blocks will be outlined in Section 

6. 
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Figure 5.3: Overall Block Diagram 

6 Preliminary Design  

6.1 Hardware  

6.1.1 Power 

A rechargeable battery will power the device. Many different rechargeable battery types are available, 

including NiMH, NiCD, and Li-ion. The team has chosen to use the Li-ion technology. Li-ion cells possess 

almost double the energy density of a typical NiMH or NiCD cell, and the 3.6 V nominal voltage makes 

them very practical for portable electronic use. Currently, the team is planning to use a single Li-ion cell. 

The circuitry required to charge Li-ion cells safely can be challenging and the team has decided it cannot 

be included in the scope of the project. A COTS Li-ion battery charger will be used to meet the charging 

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 possible suppliers for the CODEC. The decision 

matrix in Table 6.1 shows the criteria with which the possible options were evaluated. The decision 

matrix shows that the Wolfson WM8731 appears to be the best option for this component. Its high 

degree of accuracy (low distortion, 24-bit encoding / decoding), and the availability of a development 

board makes this device the best choice for the team. The development board was loaned to the team 

by Johnson Controls Inc., where Ben is currently employed. 

The Analog Devices CODECs (SSM602 and AD1981BL) along with the NXP CODEC (UDA1380) performed 

better than the Wolfson CODEC (WM8731) in a few areas (power, volume step size); however, these 

devices seem to be poorly supported in their datasheets and their available documentation found 

online. 

Table 6.1: CODEC Decision 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 5 wire 6 5 wire 4 6 wire 

Headphone Driver 1 10 Yes 10 Yes 10 Yes 10 Yes 

Size 3 7 28 L QFP 3 48 L QFP 7 28 L QFP 5 32 L 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 90 dB 9 90 dB 10 135 dB 

Dynamic Range Out 4 5 unkown 7 45 dB 7 90 dB 10 135 dB 

Volume Step Size 3 9 1.5 dB 8 1.5 dB 6 3 dB 10 .5 dB 

SNR ADC 10 8 90 dB 8 85 dB 8 90 dB 9 97 dB 

SNR DAC 8 9 100 dB 9 100 dB 9 100 dB 9 100 dB 

Analog Supply 5 8 3.3 V 8 3.3 V 7 3.6 V 6 3.6 V 

Digital Supply 4 8 3.3 V 8 3.3 V 7 3.6 V 6 3.6 V 

Power (Full Power) 7 7 22 mW 9 2.87 mW 7 22 mW 5 70 mW 

Power 
(Passthrough) 1 7 7 mW 9 2.87 mW 8 12 mW 5 70 mW 

Dev Board 5 0 No 0 No 10 Yes 0 No 

Sample Parts? 4 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 so tha she can select the desired function 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 important that the 

interface be intuitive to meet the transparency project requirement.  

A character LCD was selected to provide visual feedback to the user and several component options 

were researched. The device does not require a large amount of information to be presented to the 

user; therefore, a large, multi-line LCD would be impractical and would occupy more space, forcing the 

device to be larger. A two-line LCD is suitable to provide the user with all the necessary functionality. 

The number of characters per line was also an important factor in selecting an LCD. Since it is a 

requirement that the device be small, a modest 16x2 character display was selected by the team. This 

will allow the device to display all necessary information, to serve as a debugging aid, and to 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 

backlit display with white text was the easiest to read and the most aesthetically pleasing. An example, 

available from Crystalfontz, is shown in Figure 6.1. 

 

Figure 6.1: Crystalfontz 16x2 STN Negative Blue Transmissive White Edge LED Backlit LCD Module 

The specific LCD that the team will be using in the prototype has not been selected at this time. 

However, the team already has experience interfacing with the industry-standard 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 LCDs with this controller at its disposable, so development can 

begin immediately while the team waits for delivery of the selected component. 

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 

functional and 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 on the corresponding mechanical case 

design. Because of this fact, the team has decided that the button layout is more crucial than the button 

type. Standard board-mountable normally closed buttons will be used in the prototype to keep the 

design simple. 

Appendix D demonstrates how the HMI will function and Figure 6.2 displays the basic layout. 
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Figure 6.2: HMI Simulation and Layout 

The LCD will show the user which current functional mode the device is in, display the current filtering 

selection, and prompt the user 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 enter file names, 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 that the 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 buttons, but it must be 

clear to the user what their function is. 

6.1.4 Chest Piece 

The quality of an acoustic stethoscope is greatly affected by the quality of its chest piece.  [Rhythm 

Reloaded] has considered this and has concluded that the team does not have the technical expertise 

necessary to design the mechanical aspects of a high quality chest piece.  The team has chosen to 

modify an existing COTS chest piece and place the microphone within it to maximize the benefits of 

mechanical filtering that are already present.  The decision has not been made as to which specific chest 

piece to use; however, there are two major categories under 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 common.  It has one side that uses a diaphragm and is used to listen to the lungs and for general 

auscultation.   The other side is bell-shaped and is designed to specifically transmit heart sounds. The 

second chest piece option uses a single diaphragm that changes its sound characteristics when pressure 

is applied, and is designed to offer similar functionality to the two-sided option. 

6.1.4.1 Microphone 

The team has chosen to use an electret condenser microphone.  The next step is to choose which 

specific microphone to use.  In this decision there are several criteria that must be examined.   The first 

ŎǊƛǘŜǊƛƻƴ ƛǎ ǘƘŜ ƳƛŎǊƻǇƘƻƴŜΩǎ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜΦ  Lǘ Ƴǳǎǘ ōŜ ŀōƭŜ ǘƻ ǇƛŎƪ ǳǇ ǎƻǳƴŘǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ нлIȊ 

to 2kHz.  Another option to consider is the directionality of the electret microphone. Omni-directional 

microphones pick up signals equally well from all directions, while noise-cancelling microphones allow 

the sound pressure to approach the diaphragm from both sides.  The disadvantage of using a noise 


