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Project Definition

Design a smartphone application with
self-assessment test, communication,
and reporting functions.

This system will be using bone
conduction headphones with Bluetooth
connectivity.
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Software running on the
smartphone

¢ User Management

e Hearing Threshold Test
¢ Uncomfortable Loudness Test

¢ Audiogram Generation

Test Algorithm
coarse-to-fine focus, ascending
o
m'.po“'er Hearlllg Aids
Wireless Link o Pure tone Generation
e e = ==X | * Change Amplitude

[nstruction for And Frequency

Control and Configuration

Wearing on
each ear

Human-machine .
Interaction

N ] :

>

Smartphone

Patient



Project Objectives

1. reliable early diagnosis for patient
2. Improve patient’s hearing experience

3. Create a simple and flexible application

4, feedback



Project Specifications

1. Operates on Bluetooth-based hearing devices

2. Test hearing using set of 8 standard frequencies from 125 Hz to 8000
Hz

3. Communicate test results data at desired times via E-mail
4. Frequency range of headphones: 20-20 kHz

5. Wireless range of headphones: 33 ft (10 m)



m— Background: Problem

> Patients with hearing problems require multiple follow-up
appointments for ""Tuning and Training"" sessions, which can be time
consuming and hard during times such as COVID-19.

> L_eads to less patients getting correct diagnosis for their case

> Hearing aid devices are not optimized to process many different
sounds at once.

Sound-proof booth

Patient Audiometer Audiologist



— Background: Solutions

Pure tone

The smartphone application is
responsible for the needs of the patient
In terms of audiometry test, the
optimized modes of hearing, and o
reporting of feedback. Patient Smartphone




___cg Solutions

Why a smartphone application as a solution?

o More convenient for patient
o Easy to use
o Real time feedback



g Solutions

Which features do you need in the application?

o Simplicity

o Flexibility

o Security

o User feedback



Background: Solutions

1. Digital Hearing Aid (DHA)
o Recent innovations including DSP, directional microphone technology and fitting have
resulted in improved satisfaction with current hearing aids.
m Less distortion
m Less buzzing
m Better noise recognition/understanding
m Sufficient volume

1. Self-assessment hearing test

o Patients can benefit from early diagnosis for hearing impairment by using modern day
technology.



Previous Projects Summary
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Project Plan

s Phase I: Spring 2021
> Order components for Subsystems | and 11
m Design Subsystem 1
® Build and Test Subsystem 1

€ Building the circuit with the bone-conduction headphones connected to measure the range,
frequency, gain, signal to noise ratio of the device.

€ Collect and analyze readings gathered from the microphone , speaker , and amplifier parts
of the bone-conduction headphones

m Design Subsystem 2
® Build and Test Subsystem 2
€ Acquire online web server and adding the SMTP to the server to set up an online mail
transfer space
€ Collect feedback and troubleshoot any mishaps occurring during the process in order to fix
them



Project Plan

< Phase II: Fall 2021
> QOrder components for Subsystems [11 and VI
m Design Subsystem II1I:
® Build and Test Subsystem Il1
€ Hearing/Evaluation Test
€ User interface
€ Emailing section



Design: Subsystem 1 Block Diagram

Operating
Interface
Function
‘/A/ S \\;
125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 8000 Hz
Amplifier/
gain control
WAV audio |—— | Bone conduction
files Headphones




Headphone Options

AfterShokz Aeropex Open-Ear Wireless Bone Conduction Headphones, IP67 Rated, Blue Eclipse

Wired Headphones Wireless Headphones
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Design: Subsystem 2 Block Diagram

Client
User : Queue of mail : Message
User at a terminal —p — Transfer
Agent ! to be sent ;
: : Agent
Sender Patient outbox (Audiometry A
Patient Test results) _
SMTP server] TCP Connection
SMTP commands,
replies and mail TCP Port 25
\ 4
User : User : Message
User at a terminal Agent «— Mailboxes «4—— Transfer
: : Agent
Receiver @~ = L— 1
Server

Health professional

Health professional inbox



Build: Subsystem 2

5% hMailServer Administrator - [localhost]

File  Help

[5% hMailServer Administrator - [localhost]

Eile Help

Connect — ]
Host name hMailServer Usemame Add
localhost Administrat
localho ministrator Edt

Remove

hMailServer password
Please enter the hMailServer password. What is this?
[ |

<7 Welcome
@ Status
= 4¥ Domains
@ [ smanaudiomety01238
[ Rules
= % Settings
& [ Protocols
& smrp
& POF3
& map
& Antispam
Artivins
=] Loaging
= & Advanced
@ Avoban
{5 SSL certificates
@ IP Ranges
{77 Incoming relays
Mirar
@ Pefomance
[ Server messages
BT SSUTLS
[=| Scripts
[ TCP/P ponts
& Utities

smartaudiometry01238

General Names Signature Limts DKIM Signing  Advanced

Domain
T

Enabled

Help

.7 Welcome

@ Status
£ (¥ Domains
smartaudiometry01238

¢ Protocols
& Anti-spam
e Antivinus
Logging

m
2
£
g

o SSL cerificates
" IP Ranges
i Incoming relays
= Mimor
Q Performance
" Server messages
7 SSLTLS
|=| Scripts
7 TCP/IP ports
Lkilities
| Backup
L MXquery
% I Server sendout
W Diagrostics

Diagnostics

This tool lets you perform diagnostics on your hMail Server installation.

Select the domain you want to run tests on. Outbound port 25 test hostname:

smartaudiometry01238 ~ mail.hmailserver.com

Copy to clipboard Save

E-@ Collect server details

: @ hMailServer version: hMailServer 5.6.7-B2425

@ Database type: M55GL Compact

Test IPvE

@ IPvE support is available in operating system.

Test outbound port

@ SMTP relayer not in use. Attempting mail hmailserver.com:25.
@ Trying to connect to host mail hmailserver. com...

@ Trying to connect to TCP/IP address 5.189.183.138 on port 25,
@ Received: 220 mai hmailserver com ESMTP

- @ Connected successfully.

@ Test backup directory

i @ ERROR: Backup directory has not been specified

A Tenk MY rmneedn
>

Help




Test: Subsystem 2

ommand pipeline position 1
wing para

Windows PowerShell credential request ? * — Inboxes > Smart Audiometry Inbox > Test Results
=
P S O & &
i & . - Test Results
From: <zayeremi@gmail.com:>
Enter your credentials. Test Results To: <practionerem@gmail.com=
to: <practionerem@gmail com: 2 minutes ago Show Headers

User name: |ﬂ 93057f7cdcBeshb v| 5
EBSSU\'Drd: | ..............l | TESt RESUItS

to: <practitioner@gmail.com:= 5 days ago Text Raw Spam Analyms Tech Info

Corce

Results for tests from Smart Audiometry!




Design: Sign-in, Sign-Up, and Signh-Out

Activities

Log In ‘4 No ﬁed In? Sign Up

A

Yes

y

Logged Out Logged In

Homepage ‘-l

Designing Sign-in, Sign-Up, and Sign-Out Activities



Design: Audiometry Hearing Test

22 Start

Frequency Sequence
(1 KHz, 2 KHz, 4 KHz, 8 KHz, 0.5 KHz, 0.25 KHz)

Designing Manual Hearing Test
v
Start Test with 30 dB

| =

v
Check Sound Output

Increase by 20 dB

Decrease by 10 dB

1
-

| Check Sound Output |

Threshold Determination

Is the Frequency
0.25 KHz?

End Test




Build: Sign-in, Sign-Up Activities &
Audiometry Hearing Test

Building Sign-in, and Sign-Up Activities Building Manual Hearing Test



Hassan Bahabri

Hassan.Bahabri@gmail.com

Testing Sign-up Activity

Test: Firebase Database

@ Firebase

A Project Overview

Authentication

Fir re Data
Realtime Database
Storage

Hosting

Functions

Machine Learning

Release & Monitor

%, Crashlytics
@ Performance

Test Lab

Extensions

Upgrade

Test2 *  Cloud Firestore
A > users > d28xYZey7DDJs..

+ Start collection +

users >

Cloud Firestore location: nam5 (us-central)

2= test2-cofdb K users

Add document

FfCM51Vg5VVEEVMooruk

OaxKreBMR11m2y6pES7 j

UKSPq1CTX7yzBXtCHP60o
V1pgBEKpQb6UUPBSjsAz
d28xYZey7DDJs3nNiCkW

nEC725EDRBtATNYBb8if

'Y @632\

0}

g B d28xYZey7DDJs3nNICkW
-+ Start collection

+ Add field

email: "Hassan.Bahabri@gmail.

fcmToken: "cTtlLs1UQ-
erl3UvizHi2P:APA91
d7wwaEExIbdNbGZK]

image. ]
ODdASFXOQERXRTc4UG1
YZNjY2NjY2ZNjY2NjY2NjY]
AhEBAXEB/8QAHWAAAQ!
/8QAIRAAAGEDAWIEAWUR
AAF9AQIDAAQRBRIhMUE|
ODk6QORFRkdISUpTVFV!
p6ipqrkztLW2t7i5usLDx
AWEBAQEBAQEBAQAAAA
BhJBUQdhcRMiMoEIFEKH

UTRVVIAYWVpjZGVmZ2h
uLméwsPExchHyMnKOtP

Token updated successfully

rSLOpR3rtOUBSrgAuxwq

User registered successfully & FCM token generated in our database



Test: Audiometry Hearing Test

5l B 1:50

W Froject

Manual Hearing Test

r

© = O
O = O

RESPONSE

The result of the hearing test

Launch s 1

A Buid P Run & Appin

Testing Manual Hearing Test



Design: The Result Page

Share Via v Share Y
E-mail - qult omepage
A
Y
e End Test

Designing The Result Page



Build: Result Page

nenual_r

- D g
Odp , J° /

I

int tom

intEnd_toEndOf T Share Test SHARE TEST RESLUL

Results END TEST

Building Result Page



Test: The Result Page
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Testing The Result Page
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Your application with BAE Systems 3:44 PM
Dear Hassan, Thank you for your appli

@ P&G Workday System
P&G Careers — Result of your Applicat 8:05 AM
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in] LinkedIn
Get more out of your job alerts 1:51 AM
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° WSPME
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Access code to continue application fc 1:14 Am
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Test: The Emailing Procedure

€ Compose

From  app.seniorpro@gmail.com

Hasanbahbry@outlook.com

Hearing Test Audiogram

Generated Using The Hearing Test App

Inbox - Outlook -

< Reply —> Forward

=1 Archive

m Delete

< Reply all Fo set flag

Hearing Test Audiogram

Senior Project <app.seniorpro@g
6:50 PM The Result of The Hearing Test

To: Hasanbahbry@outlook.com

Generated Using The Hearing Test App

Testing The Emailing Procedure
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Final Prototype




Completed Work

® The project has been completed successfully based on the specifications

® All subsystems corelated to our specifications have been fully designed, built and tested using
the necessary components, respectively

® The final prototype has been fully implemented and ready for demonstration



Project Management Plan

Title: Monitering Digital Hearing Devices Using a Smartphone Application Advisor: Dr. Hiren Mewada Design 11 (ASSE 3) | Fall 2021
Ehab Alzayer (EZ) - 201501238 Project PLAN & Progress
Hasan Bahbry (HB) — 201602622 ProgRpt No. 8

Mustafa Aljishi (MJ) — 201402984

Plan updated (Date): December 21, 2021

Sajad Alqurinawi (SQ) — 201502769

Instructor: Dr. Sadig Alhuwaidi

Period Highligh1 1 %I Plan % Actual

ACTIVITY DLM'] PLAN | Assigned | ACTUAL BCTUAL PERCENT Actual {beyond plar ! Complete (beyond pla
TARURBATION To START |URATIO COMPLETE Pericds (Weeks 1-15)
12 |3 4|5 6|7 8B |9 10 11|12 13|14 15
‘Write a plan 1 1 ALL 2 2 100%
QOrdering Components 2 1 EZ, 50 2 2 100%
Design subsystem 3 (determine app software tools) 2 2 ALL 3 2 100% //
Bulid subsystem 3 (using Firebase) 3 2 HB, W 3 2 100%
App authentication method 3 3 EZ 3 4 100%
App Database 4 3 ALL 4 4 100%
Integrate app functionalities (Hearing/Evaluation Test, User interface, Hearing Modes, Emailing section) 5 4 EZ, HB 5 4 90%
Test subsystem 3 & 5 50 ] 5 100%
Prepare midterm presentation and video 7 3 ALL 7 3 100%
Design subsystem 4 (design filters after getting the app design) B 2 HB, W B 2 100%
Bulid subsystem 4 9 4 EZ 50 B 4 55%
Test subsystem 4 10 2 50 10 2 0%
Implement final design 10 1 ALL 11 2 100%
Prepapre final report 12 2 HB, M1 12 2 50%
Prepapre final presentation 12 2 HB 12 3 100%
Prepare project demo 13 3 Ml 13 3 100%
Submit Rpt/PPT/Brochure/Video...etc. 14 2 EZ 14 2 0% / /

Progress Details:

Issues [delay, etc.):




Teamwork Task Division

Task Ehab Mustafa Hassan Sajad
Research 30% 20% 30% 20%
& Planning

Spring Semester 30% 20% 10% 40%
Tasks

Fall Semester Tasks 15% 35% 35% 15%
Write reports 25% 25% 25% 25%

& presentations




Challenges & Decision Making

® Reuvisiting subsystem 2 because testing results were not convincing, leading to taking a different
approach

® Installing the Android Studio software and working with its special files
® Using the Firebase website and registering our App

® Merging our divided codes into one single code in the Android Studio
® Importing subsystem 1 audio files to subsystem 3 app code files

® Generating FCM token between the app and Firebase Database to keep the user logged in and
his information secure

® Late delivery of bone-conduction headphones

® Laptop battery swelling (Sent for maintenance)



Risk Management

Source

Events

Threats

Response

Computer

Programming

Team member

Computer

Delay in delivery
of wireless
headphones

Could not Install the
Android Studio

Project mainly
software base

Positive
Covid Test

Maintenance
needed

4 days delay

Cannot proceed with
subsystem 3

Unable to build the
smartphone
application

Test delay
Cannot access
documents

Cannot start on
subsystem 1

Upgrading computer
hard disk from HDD to
SSD

Many online
resources available
for Android Studio
using Java language

Unpredictable
Upload documents
and data to iCloud

Started with
subsystem 2




Impact of COVID-19 on your Project

® Delay in receiving bone-conduction headphones

® Sudden change in semester schedule to finish before end of Ramadan. Overall, less time to work
on the project



Impact of Project

® This project can have a major impact on society and economy overall
O Taking an audiometry test directly from smart phone for instant results
O Less time spent to get results instead of going to the hospital

O Less money spent to book appointments and follow up appointments



New Skills Acquired and Applied

® Time management

® Communication skills

® Teamwork

® Research skills

® Acquiring some basic knowledge about programming using the Java language
® |earned to use the Android Studio software

® |earned to build a project in Firebase website



Budget Estimate

e List Key components and their approximate cost

e Add up total estimate

ltem Quantity Unit Cost (SR) Subtotal
Bone Conduction 1 740.49 SR :
Headphones

Bluetooth V5.0

Android Tablet 1 1320 SR -
Computer 1 - -
Java/C++ - -

2060.49 SR




Thank You for Listening

Any Questions?



