
 

  



 

 
Development Standards & Practices Used 
● We will follow an Agile methodology of development. 

○ Two week sprints 

○ Weekly standups 

○ Backlog of tasks 

● We will use Branch-Review-Merge workflow. 

● We will implement Test Driven Development. 

● We will keep robust documentation. 

● We will manage our tasks via the GitLab issue board. 

● Agile methodology of development. 

● Test Driven Development. 

● We will keep robust documentation. 

● Manage our tasks via the GitLab issue board. 

● Bluetooth 

● Organized and thorough design schematics 

● Utilize cheap, yet effective components that fulfill requirements 

Summary of Requirements 

● Digitize an analog signal 

● Send data via bluetooth 

● < 3 second delay from finishing the recording to having the file prepared 

● Convert the data to a .wav file 

● Desktop application can retrieve and store data 

● Utilizes machine learning to identify certain anomalies 

● The user interface must be intuitive to ensure ease of use by all users 

● Cost of software licenses < $50  

● Monthly expenses on data storage  <$1/active user 

● Collect pressure waves from the heart and lungs 

● Convert pressure waves to usable electrical signal 

● Filter out noise & amplify the result 

● Run on battery power 

● Minimum size 

● Cost of hardware < $200 

  

 



 

Applicable Courses from Iowa State University Curriculum  
● Electrical Engineering 201 

● Electrical Engineering 230 

● Electrical Engineering 324 

● Electrical Engineering 224 

● Computer Engineering 288 

● Software Engineering 319 

● Computer Science 309 

● Computer Science 474 

 

New Skills/Knowledge acquired that was not taught in courses 
List all new skills/knowledge that your team acquired which was not part of your 

Iowa State curriculum in order to complete this project.  
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1 Introduction 

1.1 A​CKNOWLEDGEMENT 

Firstly, thank you to Dr. Ashfaq Khokhar for providing technical assistance and support throughout 
the design process. Additionally, this project is, in part, made possible by Iowa State ECpE 
department funding. 

 

1.2 P​ROBLEM​ ​AND​ P​ROJECT​ S​TATEMENT 

Access to a doctor is often limited for billions of people around the world and this is only worsened 
during a global pandemic. These people would find it difficult to have a doctor personally diagnose 
their issue which may be easily treated if caught early on. Also, many times those who can see 
doctors have to talk to them virtually. However, these people may not have the means to easily 
send the high quality audio of their chest sounds that the doctor might need to diagnose the issue. 
This has created a need to introduce as much automation into the healthcare industry as possible. 

 

The goal of this project is to design and manufacture a smart stethoscope that converts heart and 
lung sounds into a digital format while removing any perceived noises and amplifying signals of a 
certain range.  Once in this digital format it will use machine learning to identify known 
irregularities in the sounds. The user will interface with the stethoscope via a web application on a 
device that is connected to the stethoscope by bluetooth. In this user interface users will also be 
able to easily send their audio recordings to doctors for further analysis. 

 

1.3 O​PERATIONAL​ E​NVIRONMENT 

When designing a product, it is important to consider what environment a product will be used in 
throughout its lifetime. Most stethoscopes are typically used within the confines of a doctor’s office. 
While this is accurate for this project, it could potentially be used in user’s households as well. The 
goal is to make a stethoscope that does not need to be accompanied by a doctor. The smart 
stethoscope will be used indoors, in generally clean environments, similar to a typical stethoscope. 
However, the smart stethoscope will need to travel outside the doctor’s office and into the homes 
of users, so handling magnitude will be increased, as well as the number of users. This must be 
considered when designing the stethoscope; it must be a durable product that can withstand heavy 
usage. 

  

 



 

1.4 R​EQUIREMENTS 

For this project there are two categories of requirements, software and hardware. 

For software requirements: 

● Stethoscope can digitize an analog signal. 
● It will be able to send data via bluetooth to a device of the user's choosing. 
● There will be less than a 3 second delay from finishing the recording to having the file 

prepared. 
● It must convert the data to a .wav file to store for later use. 
● The desktop application can retrieve and store data using the .wav file. 
● Project utilizes machine learning to identify certain anomalies within recorded sound. 
● The user interface must be intuitive to ensure ease of use by all users. 
● Cost of software licenses must be under $50 and monthly expenses on data storage should 

be no more than $1 per active user on average. 

For hardware requirements: 

● The stethoscope must be able to collect pressure waves from the heart and lungs 
● Convert pressure waves to a usable electrical signal. 
● It must filter out noise within the signal and then amplify the result. 
● Stethoscope will run on battery power for up to 12 hours, replacing the battery when 

needed. 
● Minimum possible size is needed. 
● Cost of hardware not to exceed $200. 

 

1.5 I​NTENDED​ U​SERS​ ​AND​ U​SES 

For this project, there will be two users, the patient and the doctor. The patient will use this device 
to allow a doctor to listen to their heartbeat without needing to physically be in the office. Since the 
patient will be the one who has to do most of the setup, both the hardware and software need to be 
as simple as possible to be useful to the largest number of people. On the other hand, the doctor 
will likely primarily be using the web interface to interact with the patient and give them feedback 
on what they’re hearing. However, the doctor will have multiple patients so they will need to be 
able to manage all their patients independently. Therefore, the interface for the doctor will be more 
intricate due to this increased volume of data to manage. 

  

 



 

1.6 A​SSUMPTIONS​ ​AND​ L​IMITATIONS 
Assumptions 

● The user will have a device that can connect to bluetooth. 
● The end product will be user friendly and easy to navigate. 
● The product will resemble an average stethoscope. 
● The product will be available for the common household. 
● Batteries will be easy to interchange/ charge. 

 
Limitations 

● The end product will need to be roughly the size of a regular stethoscope. 
● The end product will need to cost under ~$200. 
● The user will need a computer to utilize the full functionality of the product. 
● The product will need to be battery powered. 

 

1.7 E​XPECTED​ E​ND​ P​RODUCT​ ​AND​ D​ELIVERABLES 

Once our project is completed there will be a set of deliverables from the software and hardware 
side we intend to show to our client. For the software side one goal is the stethoscope is able to 
digitize an analog signal and then send that signal via bluetooth to a desktop application. In 
addition, the conversion will be a .wav file that can be used by the user on the desktop. Also, 
machine learning will be used to alert the user if the recording sounds problematic within a three 
second delay from the recording ending. Finally, the interface we create will be intuitive for the 
user and the software costs will remain under $50. The web app framework for our product will be 
completed by 9/13, the bluetooth transmitter will be finished by 10/2 and our machine learning 
algorithm will be refined by 1/24. 

To continue, for the hardware side of the project our end project should collect pressure waves 
from the heart and lungs. These waves will then be converted into an electrical signal and a filter 
will eliminate unwanted frequencies. Furthermore, an amplifier will be used to strengthen the 
signal and our product will run on battery power. The battery consumption will be minimized and 
the overall size of the product will be small for easier usability. The standard length of a 
stethoscope is 27 inches so we will remain consistent with this size. Finally, we will also work to 
keep the cost of hardware aspects to no more than a few hundred dollars. We will work to have the 
pickup sensor completed by 10/2, the amplifier with the filter by 10/30, the buffer with the amplifier 
by 11/20 and overall user audio streaming by 3/21. 

  

 



 

2 Project Plan 

2.1 T​ASK​ D​ECOMPOSITION 

The various tasks that need to be completed can be seen in Figure 1 below. The pickup sensor will 
pick up the pulse signals of the user. Those sounds will then be sent through a preamplifier so it 
can be properly filtered. To ensure a clear signal, a low-pass filter will be added to remove any 
background noise. A buffer will ensure that the filter output does not affect our final amplifier. A 
final amplifier will increase the signal amplitude to match the ADC. The analog to digital converter 
(ADC) will take the analog signal and convert it into a digital signal that can be taken by the 
bluetooth transmitter and send it to the user device. 

Once linked to the user’s device the stethoscope can be interfaced with the web application. The 
web app will allow the user to record the audio from the stethoscope and play it back. Then the 
user will be able to use a machine learning algorithm to determine if the recording indicates a 
cardiovascular or respiratory illness. Also the user will be able to stream their audio to another user 
on the web application through a shared session connection. Finally if the user is logged into the 
website they will be able to save their recordings and listen back to previously saved recordings. 

 

Figure 1: System Block Diagram 

 

 



 

2.2 R​ISKS​ A​ND​ R​ISK​ M​ANAGEMENT​/M​ITIGATION 

Our first task is creating a pickup sensor and the main risk is that the sensor is unable to detect the 
frequencies range of the patient's chest sounds. The probability of this occurring is 0.2, so not very 
high. Next, we will work on our preamplifier and the risk with this component is that it will not 
amplify the frequencies enough. The probability of this risk occurring is 0.3, which makes the 
component not very high risk. Then we will incorporate our low pass filter that has a risk of 0.5 
because we could have calculated incorrect values for our filter to work with. Our risk mitigation 
plan would be to have multiple hardware members perform the calculations independently. After 
the filter, a buffer and amplifier will be used. Both of these components have a risk of 0.4 because 
it’s possible they could not enhance the signal properly. Next, the analog to digital converter will be 
incorporated and has a risk of 0.2 because we will be purchasing it and can find a replacement if 
needed.  

The next task is the bluetooth transmitter to send the digitized signals to the user device. The risk 
associated with this is that the transmitter won’t be able to connect to the user device. This risk is 
relatively low at 0.05 since both the transmitter and user device will be products that we purchase 
off the shelf. After that is the web application. The risk here is that it won’t run on a wide range of 
devices, this risk is rated at 0.6. With the wide range of devices and platforms that users can use it 
is very likely that for some it won’t work. To mitigate this risk we are trying to narrow our focus to 
desktop applications. Also we are creating the app in Angular, this framework is very easy to style 
for mobile devices which should allow us to make it mobile friendly as a potential feature. Lastly is 
the machine learning algorithm, the risk is that the data set we are using to train the algorithm 
won’t result in a trained model that can work off our own stethoscope. This is very possible at 0.5 so 
to mitigate it we have a few options. Firstly, we can try to find another data set that matches our 
own stethoscope data better. We could also adjust the stethoscope itself to match the data set. 
Lastly, we could do preprocessing on the data after it is transmitted to the program in order to 
make it match. 

 

2.3 P​ROJECT​ P​ROPOSED​ M​ILESTONES​, M​ETRICS​, ​AND​ E​VALUATION​ C​RITERIA 

The smart stethoscope can be split into two major projects, the hardware of building the 
stethoscope, and the software of analyzing and presenting the signal from the stethoscope. These 
two projects each have their own milestones and metrics. The progress of significant tasks and 
milestones is recorded through interpersonal communication and within the team Gitlab task 
board. 

Implementing the hardware of the stethoscope requires meeting specific criteria for each 
component of its circuit. Once a pulse signal is received from a patient, the hardware of the 
stethoscope will meet the following vital milestones and criteria: 

● The wireless stethoscope should be able to operate on battery power for 12 hours. 
● A preamplifier will increase the raw pulse signal with a gain of 2. 
● A lowpass filter will filter out any frequencies not associated with human pulse signals; it 

will filter out any frequencies above 20Hz. 
● A final amplifier will extend the filtered signal amplitude by a factor of 4. 

 



 

● The final amplified signal should be digitized and transmitted via bluetooth for signal 
analysis. 

With a filtered and amplified signal being transmitted to a web application of choice, the following 
software milestones and criteria will be met: 

● The signal will be recorded and converted into a .wav file within 3 seconds of the recording 
finishing. 

● The web application will save recordings to a user’s account to allow playback. 
● A machine learning algorithm will detect anomalies in the pulse signal and express the 

anomalies with 70% accuracy. 
● The web application will allow for sharing of live audio with another user with less than a 2 

second delay. 

 

2.4 P​ROJECT​ T​IMELINE​/S​CHEDULE 

The Gnatt chart can be seen in figures 2 and 3 below. We have split the development between two 
teams, software and hardware. This division will allow for concurrent development between the 
two deliverables which are the physical hardware to capture the heartbeat and the software 
interface to allow transmission/sharing. 

Development for the hardware will follow a linear direction since the various components will 
build off of each other. For example, the preamplifier will need the signal generated from the 
pickup sensor in order to function. Therefore, the timelines on the Gantt chart for the hardware 
components will generally not overlap. 

Development for software can be somewhat more flexible. For example, the transmission of 
information via Bluetooth will not rely on the machine learning or web application being done. 
While they all still interact, we can work on these things separately and likely will need to. As a 
result, we can see on the chart that there is some overlapping.  

 



 

 

 
Figure 2: Semester 1 Gantt Chart 

 



 

 
Figure 3: Semester 2 Gantt Chart 

  

 



 

2.5 P​ROJECT​ T​RACKING​ P​ROCEDURES 

Our group has chosen to use GitLab to keep track of upcoming tasks, current tasks, and completed 
tasks. GitLab provides us a platform where we can assign different group members to specific tasks 
and is a great way to keep our team organized. Git will be used as a source control for the software 
development. All software developers will be able to branch off the master repository to implement 
their respective features without interfering with one another. In addition, we use Slack for fast 
communication between members because we can create different chat groups within our team 
that can still be visible to everyone. Finally, our team has taken advantage of Zoom and Webex to 
conduct weekly team meetings and weekly client meetings. 

 

2.6 P​ERSONNEL​ E​FFORT​ R​EQUIREMENTS 

Include a detailed estimate in the form of a table accompanied by a textual reference and 
explanation. This estimate shall be done on a task-by-task basis and should be the projected effort 
in total number of person-hours required to perform the task. 

 

Task Person-Hours Required 

Pressure sensor detects pulse signals of the 
user. 

15 Hours 

Create a preamplifier and filter to remove noise 
from the signal. 

20 Hours + 20 Hours 

Create a buffer and amplifier to ensure signal 
integrity and increase signal amplitudes. 

20 Hours + 20 Hours 

Convert the analog electric signal to a digital 
signal. 

20 Hours 

Integrate bluetooth capabilities between the 
stethoscope and user device. 

20 Hours 

Create a database to store and retrieve signals 
within the application. 

10 Hours 

Define a machine learning algorithm to 
identify cardiovascular and respiratory 
illnesses. 

10 Hours + 30 Hours 

Securely share confidential data to health 
professionals through a network connection. 

30 Hours 

User’s can replay previously recorded signals 
and save other recordings. 

35 Hours 

 

 



 

 

2.7 O​THER​ R​ESOURCE​ R​EQUIREMENTS 

Additional resources we require include: 

● Circuit components 
● Circuit board 
● A small microphone 
● Batteries 
● Casing for the batteries 
● Amplifier 
● Firebase for hosting and storage 

 

2.8  F​INANCIAL​ R​EQUIREMENTS 

The individual components are listed below and expected to cost a total of $135: 

● Software licenses will be under $50 and the cost of hosting will be less than $1 per active 
user on average. 

● Analog to Digital Converter will cost around $40. 
● A bluetooth transmitter will be around $30. 
● Circuit components vary between $0.2 and $5 
● Microphone $10 
● Battery Casing $3 

There will also be a cost associated with development. For this we are expecting no more than an 
additional $200. This will cover purchasing test components, software licenses, and hosting fees 
that are not relevant to the final product. We will seek funds for this project from Iowa State but 
can purchase what we need to if we can’t get the funding.  

 

3  Design 

3.1 P​REVIOUS​ W​ORK​ A​ND​ L​ITERATURE 

Include relevant background/literature review for the project  

–  If similar products exist in the market, describe what has already been done  

–  If you are following previous work, cite that and discuss the ​advantages/shortcomings  

–  Note that while you are not expected to “compete” with other existing products / research 
groups, you should be able to differentiate your project from what is available  

 



 

Detail any similar products or research done on this topic previously. Please cite your sources and 
include them in your references. All figures must be captioned and referenced in your text.  

 

3.2 D​ESIGN​ T​HINKING 

Detail any design thinking driven design “define” aspects that shape your design. Enumerate some 
of  the other design choices that came up in your design thinking “ideate” phase. 

3.3 P​ROPOSED​ D​ESIGN 

Include any/all possible methods of approach to solving the problem:  

– Discuss what you have done so far – what have you tried/implemented/tested?  
– Some discussion of how this design satisfies the​ functional and non-functional 

requirements​ of the project. 
- If any ​standards​ are relevant to your project (e.g. IEEE standards, NIST standards) discuss 

the applicability of those standards here  
- This design description should be in ​sufficient detail​ that another team of engineers can 

look through it and implement it. 

 

3.4 T​ECHNOLOGY​ C​ONSIDERATIONS 

Highlight the strengths, weakness, and trade-offs made in technology available. 

Discuss possible solutions and design alternatives 

3.5 D​ESIGN​ A​NALYSIS  

–  Did your proposed design from 3.3 work? Why or why not?  

–  What are your observations, thoughts, and ideas to modify or iterate over the design?  

   

 

 

3.6 D​EVELOPMENT​ P​ROCESS 

Discuss what development process you are following with a rationale for it – Waterfall, TDD, Agile. 
Note that this is not necessarily only for software projects. Development processes are applicable 
for all design projects. 

 

3.7 D​ESIGN​ P​LAN 

Describe a design plan with respect to use-cases within the context of requirements, modules in 
your design (dependency/concurrency of modules through a module diagram, interfaces, 
architectural overview), module constraints tied to requirements. 

 

 



 

 

 

 
 

 

4  Testing  
Testing is an ​extremely ​important component of most projects, whether it involves a circuit, a 
process, or software.  

 

1. Define the needed types of tests (unit testing for modules, integrity testing for interfaces, 
user-study or acceptance testing for functional and non-functional requirements). 
2. Define/identify the individual items/units and interfaces to be tested. 
3. Define, design, and develop the actual test cases. 
4. Determine the anticipated test results for each test case  

5. Perform the actual tests. 
6. Evaluate the actual test results. 
7. Make the necessary changes to the product being tested  

8. Perform any necessary retesting 
9. Document the entire testing process and its results  

Include Functional and Non-Functional Testing, Modeling and Simulations, challenges you have 
determined.  

4.1 U​NIT​ T​ESTING 

– Discuss any hardware/software units being tested in isolation  

 

4.2 I​NTERFACE​ T​ESTING 

–  Discuss how the composition of two or more units (interfaces) are to be tested. Enumerate all the 
relevant interfaces in your design.  

 

4.3 A​CCEPTANCE​ T​ESTING 
How will you demonstrate that the design requirements, both functional and non-functional are 
being met? How would you involve your client in the acceptance testing? 

4.4 R​ESULTS 

– List and explain any and all results obtained so far during the testing phase  

 



 

●  Include failures and successes  

● Explain what you learned and how you are planning to change the design iteratively as you 
progress with your project  

● If you are including figures, please include captions and cite it in the text  

 

5  Implementation 
Describe any (preliminary) implementation plan for the next semester for your proposed design in 
3.3. 

 

 

 

6  Closing Material 

6.1 C​ONCLUSION 

Summarize the work you have done so far.  Briefly re-iterate your goals. Then, re-iterate the best 
plan of action (or solution) to achieving your goals and indicate why this surpasses all other 
possible solutions tested. 

 

6.2 R​EFERENCES 

List technical references and related work / market survey references. Do professional citation style 
(ex. IEEE). 

 

6.3 A​PPENDICES 

 

Any additional information that would be helpful to the evaluation of your design document. 

If you have any large graphs, tables, or similar data that does not directly pertain to the problem 
but helps support it, include it here. This would also be a good area to include hardware/software 
manuals used. May include CAD files, circuit schematics, layout etc,. PCB testing issues etc., 
Software bugs etc. 

 

 


