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ABSTRACT

The integration of Big Data and Data Science is still undervalued and not so common in Morocco,

especially in the medical field. It is undoubtedly better for Morocco to devise and deploy its own

strategies when the need to establish and introduce Big Data to the different fields and industries

arises. It isn’t commendable to rely on third-parties’ technology and know-hows when it comes to

valuable and sensitive data that would be sellable later. Thus, there is a need for a platform that could

replace imported technologies.

This capstone project aim is to demonstrate the possibility of implementing a comprehensive

architecture to collect, store, analyse and visualize data pertaining to the health of users for the purpose

of Precise Medicine. In this project, we are presenting a detailed architecture for deploying a

real-world Precise Medicine application. We deployed an Arduino-based application to sense and

prepare eHealth data (e.g., temperature and heart beats) then sent it to the user mobile phone via

Bluetooth. The sensed data is then forwarded by the mobile phone to a Cloud-based application for

processing and action.

The main objective of this project is to set the floor towards a futuristic advanced Cloud-based Big

Data Processing platform for Precise Medicine. This project emphasizes on the general architecture

and the main tasks of eHealth data collection and storage in the Cloud.

Keywords: Big Data, Big Data Processing, Health Platform, Precision Medicine, Mobile Application,

Sensors, Cloud, IoT.
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ABSTRACT (FRENCH)

L'intégration du Big Data et de la Data Science est encore sous-estimée et pas si courante au Maroc,

notamment dans le domaine médical. Il est sans doute préférable pour le Maroc de concevoir et de

déployer ses propres stratégies lorsque le besoin d'établir et d'introduire le Big Data dans les différents

domaines et industries se fait sentir. Il est peu recommandable de s'appuyer sur la technologie et le

savoir-faire de tiers lorsqu'il s'agit de données précieuses et sensibles qui pourraient être vendues

ultérieurement. Il existe donc un besoin pour une plateforme qui pourrait remplacer les technologies

importées.

L'objectif de ce projet est de démontrer la possibilité de mettre en œuvre une architecture complète

pour collecter, stocker, analyser et visualiser les données relatives à la santé des utilisateurs dans le but

d'une médecine précise. Dans ce projet, nous présentons une architecture détaillée pour le déploiement

d'une application de médecine précise dans le monde réel. Nous avons déployé une application basée

sur Arduino pour détecter et préparer les données de santé électronique (par exemple, la température et

les battements de cœur) puis les envoyer au téléphone mobile de l'utilisateur via Bluetooth. Les

données détectées sont ensuite transmises par le téléphone mobile à une application basée sur le Cloud

pour traitement et action.

L'objectif principal de ce projet est de poser les jalons d'une plateforme futuriste et avancée de

traitement du Big Data basée sur le Cloud pour une médecine précise. Ce projet met l'accent sur

l'architecture générale et les principales tâches de collecte et de stockage des données de santé

électronique dans le Cloud.

Mots-clés : Big Data, traitement des big data, plateforme de santé, médecine de précision, application

mobile, capteurs, cloud, IoT.
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1. INTRODUCTION

The integration of Big Data and Data Science is still undervalued and not so common in Morocco,

especially in the medical field. However, the trend of using technology to enhance and assist in all

fields is becoming the norm. In the health sector, one of the forms in which that could be possible is

Precision Medicine (PM). Precision Medicine has the potential to revolutionize medicine by shifting

from the traditional “one size fits all” that physicians adopt when prescribing medicine, into a more

Personalized Medicine. The concept gained traction after the attractive promises of the Human

Genome Project completed in 2003, which significantly enhanced the knowledge we possess about

genomics. It became possible to discuss notions such as developing personalized medicine depending

on the person’s own unique genomic information [1].

Big Data Analytics offers a lot of prospects when it comes with dealing with the huge amount of data

that patients' health records and biosensors data generate. Big Data Analytics tools have largely

improved and play an important role in helping health professionals acquire and process patients’ data,

discern patterns, interpret the findings, and decide on the appropriate actions [2].

This project aims to prove the feasibility of such strategy starting from the collection of such data from

the user, the transfer to a client-side application represented by a mobile phone application, and finally

the transfer of the data to an application server, storing it in a database hosted in the cloud. This report

will explore the STEEPLE analysis of this project, the different technological enablers used, the

architectural details and implementation of each of the three main components, the different challenges

faced for each one of them as well as the possible future work.
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2. BACKGROUND

Precise Medicine has been coined as a joint research plan amongst four major research institutes in the

US in 2011. The research has been backed by the President and the White House in the following years

to look into cures for cancer, diabetes and other diseases. The objective of the government was to

recruit a million volunteers for the study, who can contribute with relevant data pertaining to their

medical records, genomic information, as well as lifestyle details. By highly individualizing the

examination and diagnostic  process, doctors can select the most suitable drugs, doses or time usage of

the medicine to decrease the side-effects and increase the rate of recovery. Therefore, Precision

Medicine, as  formally defined by the National Institute of Health (NIH), refers to the process of

creating new treatments based on the understanding of the individual gene and lifestyle. Thus,

Precision Medicine is the convergence of all the medical technologies such as genomics and

proteomics, as well as a multitude of other fields such as ethics, economics and humanitarian…etc [3].

Figure 2 Comparison between Traditional and Precise approach in Medicine [3]
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However, to be able to achieve such computation with high accuracy, which is crucial when it comes

to health related concerns, a huge amount of data needs to be collected. This is where Big Data plays a

very important role. In the last decennie, Big Data has become more than just a buzzword. In the

medical field, Big Data presents a strong potential. That could be demonstrated with respect to the five

Vs of Big Data. Volume when it comes to the high throughput that comes from continuous monitoring

of vital signs. A huge pool of data can be gathered from each individual and from each individual’s

medical history. Velocity that comes from increasing the data generation rate of the health

infrustructures. That data can be generated and tracked every minute. Variety that comes from

combining all sorts of health data to form a heterogeneous and unstructured blob of data. Health data is

in fact very diverse; one individual only can provide information ranging from sugar and oxygen levels

in the blood, temperature and heart beats…etc. Veracity which comes from checking the quality of the

data and the degree of trustworthiness and control of the environment it originated from. Since the data

gathered comes generally from health institutes and bio-sensors, it is bound to be veracious and of high

quality to a very large degree. Value which results in clinically relevant data that could be used in the

context of Precision Medicine as mentioned earlier, and which could also lead to profitable decisions

and actions such as manufacturing more efficient drugs [4]. However, there are challenges that Big

Data in Medicine faces. The first obstacle that is hard to overcome as it may involve ethical and legal

implications is the siloing of medical data with no central sharing. Medical records are private matters,

thus, they are carefully guarded and not openly available. That can afflict the stream of data that allows

for Velocity or Volume necessary to exploit Big Data [5].

Therefore, there is a need for a centralized platform that reunites all that useful data towards being

processed in order to extract Value. That will also imply heavy regulations when it comes to data

ownership and privacy laws.

Although regulating the usage of data could solve the problem of collecting health data. Processing the

assembled data will be slower than acquiring it in the first place. Thus, the focus should also be shifted

on how to handle and transform the data painstakingly acquired into a value. That is when the attention

12



should be directed to the Big Data Processing method and the technological enablers that would

optimize and facilitate such tasks such as Cloud Computing.
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3. FEASIBILITY STUDY

As part of the design and planning of this project, it is crucial to conduct a feasibility study as a first

step. The study will focus on the technical, financial and time feasibility.

3.1. Technical Feasibility:

The sensor (hand-belt) will be deployed using an ESP32 microcontroller that uses Bluetooth integrated

communication feature, three sensors (oxygen, body temperature and heartbeats) and programmed

using C++. The initial tests conducted have been using ESP8266 WiFi chip for communication, which

will be replaced by the HC-05 Bluetooth chip the later swapped with ESP32 for the final deliverable.

NodeMCU, an alternative to the Arduino Nano, has been used to ease the testing of the

communication flow during the early phases of the implementation.

The mobile phone application will be implemented using an open source platform such as Android

Studio and later Visual Code after freely available plugins and packages for Flutter.

The data collected by the application will be sent to an open source cloud application platform e.g.:

Firebase. The backend to the mobile application is composed of an API and a database to receive, store

and retrieve the data collected.

3.2. Time Feasibility:

The allocated time frame for this project is nine weeks. The first week has been devoted to

architectural design and specifications. The following three weeks were dedicated to building the belt

and testing the flow of data from the sensors to the server on the computer. The next three weeks will

be used to develop a user-friendly front-end for the application and implementing the application

server and testing for the communication between the application and the server. The following two

weeks will be committed for setting up the data store and ensuring the flow of data between the

14



databases and the application server. The final week will be dedicated to testing the overall

implementation of the architecture and ensuring the data is collected, transferred and stored properly.

3.3. Financial Feasibility:

The financial requirements for this project are the purchase of the sensors and the right to store an

application on the Play Store. Any needed budget will be handled by my supervisor. We estimate the

amount needed is 25$ for the hosting fees and 500 MAD for the sensors.

15



4. STEEPLE ANALYSIS

4.1. Social:

The social impact of this project is a major one, as the purpose of this project is to direct the health

sector in Morocco towards Precision Medicine, which can help doctors know their patients’ existing

and potential health issues better and prescribe suitable medication.

4.2. Technological:

While Big Data is a very mature field in developed countries, it is not very well adopted in developing

countries such as Morocco. This project will demonstrate the possibility and usefulness of applying

Big Data Analytics to reform sectors, find solutions to problems or make decisions.

4.3. Environmental:

This project has no direct impact on the environment. However, it will indirectly affect it through the

mobile phone and the hand-belt that requires charging.

4.4. Economical:

The economical aspect of this project would be to price the hand-belt in order to subsidize its

production, as well as other costs.

4.5. Political:

This project has no significant political impact.

4.6. Legal:

This project will use open-source and available software only. Moreover, as the project deals with

sensitive and confidential data pertaining to the health and well-being of users, this product will be

transparent when it comes to the usage of user’s data, as well as which third-party might access it.
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4.7. Ethical:

This project will be transparent in terms of usage of the user’s sensitive health data. Moreover, the data

collected will not be shared with any third-party that might use it for any other purpose than benefiting

the Moroccan health system.
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5. FUNCTIONAL REQUIREMENTS AND SPECIFICATIONS

5.1. Functional Requirements:

a. The application should be able to connect to the attached device using Bluetooth.

b. The application  should be able to display the current body temperature.

c. The application should be able to send the data to the database through the API for storage.

d. The application should be able to receive and display a notification via the application when

the temperature is over the norm.

5.2. Non-Functional Requirements:

a. Performance: The application should take a reasonable amount of time to open, scan for the

available devices.

b. Portability/Compatibility: The application should be available across all platforms.

➔ The framework allows for development for both iOS and Android, however the testing and

deployment has been done exclusively using Android, as it was the only device available.

c. Usability: The operability and user interface should be intuitive to any type of user.

18



6. TECHNOLOGY ENABLERS

6.1. Hardware:

6.1.1. ESP32:

ESP32 is a low-cost micro-controller that supports both WiFi and

Bluetooth connectivity developed by Espressif Systems.

Furthermore, the chip has multiple security features integrated such

as encryption, cryptographic algorithms and a secure wireless

communication following the IEEE 802.11 standard, which are

needed for this project as the nature of data collected is

confidential. ESP32 is a low-energy chip as it supports the BLE feature (Bluetooth Low Energy),

which makes it popular for applications in the medical or fitness field [6].

6.1.2. DHT11:

DHT11 is an ultra low-cost digital temperature and humidity sensor

manufactured by Adafruit. DHT11 grabs data every 2 seconds. The

sensor is capable of reading humidity values ranging from 20% to

80% with only a margin of error of around 5%. It is also good for

reading temperature values ranging from 0°C to 50°C with a margin

of error of give-or-take 2°C, which is enough for my project related to

body temperature.

6.2. Software:

6.2.1. Flutter:

Flutter is an open-source framework developed by

Google for cross-platform development e.g.: Android,

iOS, Web, Windows… etc. Flutter uses Dart as a
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language. The framework allows for fast development and flexible UI and a performance remarkably

comparable to natively developed apps.

6.2.2. Dart:

Dart is a programming language designed for client-side development.

It is developed by Google and is used to produce servers, desktop, web and mobile phone applications.

Dart is an Object-Oriented language that can compile to native languages (Kotlin, Swift…), which is

why it is used by flutter for cross-platform development.

6.2.3. Firebase:

Firebase is a BaaS (Backend-as-a-service) platform acquired

and developed by Google for mobile phone and web

applications. The main features offered by Firebase are

Realtime Database and storage in the Cloud.

6.2.4. YAML:

YAML stands for YAML Ain’t a Markup Language. It is a human friendly

data serialization standard for all programming languages. The language is not

yet registered, however, it is commonly used for configuration files. YAML is

more minimalistic than XML and other markup languages.

6.2.5. NodeRed:

NodeRed is a flow-based programming interface developed by

IBM. NodeRed supports visual programming for wiring devices,

20



APIs or internet services and ensures the flow of data in between through message passing.
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7. SYSTEM ARCHITECTURE

Figure 7.1 System Architecture: Entities

The initial architecture of the project with all its essential entities is represented in Figure 7.1. The

main three components are the hand-belt completed with three or more sensors pertaining to bodily

functions, such as sensing the oxygen levels in the blood, the body’s temperature or the heartbeats. The

collected data will be sent during regular intervals to the associated mobile phone application through

the communication chip (i.e.: the Bluetooth chip). The data sent through the sensors is clean data

devoid of any noise and does not require any pre-processing or validation before transferring it to the

mobile phone application for display and relay.

The mobile phone application represents the front-end and will take care of relaying the received data

to the application server. Moreover,the phone application shall also fulfill the initial functional

requirements (e.g.: providing a user-friendly interface for the user to visualize the data collected). The

choice of using a mobile phone application for the client-side is pertinent to the objective of this

project. Mobile phones are one of the best sources for Big Data, as they are widely available and

personal. Smart mobile phones allow for many applications to be utilized to gather a huge pool of

various data to be sent to the cloud for storage and future Big Data Processing.
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The application and database server shall be the last component, which takes care of receiving the data,

storing it in the affiliated data store, as well as being able to retrieve it any time the client requests it.

The application and database server should be stored in the Cloud.

Figure 7.2 System Architecture: Protocol and Software

The architecture will make use of many communication protocols and software, which are represented

in Figure 7.2. The technologies and the protocols will be explored in detail in the following sections

pertaining to each of the architecture’s components.
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8. BODY-SENSING STRUCTURE

The first component of the architecture has been named a “Body-Sensing Structure”, as it will consist

of many sensors to sense bodily functions. At this stage of the project, the data is collected starting

from the moment the mobile phone application is opened and paired with the device. Ideally, the

mobile phone application should be able to receive data collected through the body-sensing structure at

all time, as it will be worn perpetually by the user comparable to commercialized devices.

8.1. Sensors:

One of the main requirements of this product is to track and record data regarding the user’s health.

The sensors attached will collect data on the user’s body functions such as oxygen levels in the blood,

temperature and heartbeats. Many more sensors could be added to the hand-belt to collect more data,

which could lead to more comprehensive analysis of the user’s health. However, the three mentioned

sensors are readily available for purchase and are enough to demonstrate the purpose of this project.

The sensor that has been used for the implementation and testing phase has been DH11, a temperature

and humidity sensor. The sensor has successfully collected data as represented in Figure 8.1.1.

Figure 8.1.1 Data Collected By DH11 Sensor
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8.2. Microcontroller:

The microcontroller that shall be used in the finalized product in an ESP32. For the testing phase, a

NodeMCU has been used to facilitate the communication, as it is already backed by an embedded

WiFi communication component. The microcontroller has successfully connected to the mobile phone

hotspot and started transferring data using the MQTT protocol as a temporary protocol as represented

in Figure 8.2.1.

Figure 8.2.1 Transfering the Sensor Data Using MQTT Protocol

HC-06 is a Bluetooth chip that uses the Bluetooth Classic version of the protocol. It was put to test

using an Arduino Nano and DHT11 sensor along with the mobile phone application. The circuit made

in the lab can be seen in Figure 8.2.2. However, due to the lack of support for the Bluetooth module

package that operates Bluetooth Classic devices, it was difficult to find a method to read data from the

sensors. Furthermore, Bluetooth Low Energy (BLE) is preferred when it comes to low-power sensors

such as DHT. Since HC-06 does not support such a version of Bluetooth, it has been replaced by

ESP32. The corresponding Bluetooth module package for BLE in Flutter is more stable and supported

than the latter.
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Figure 8.2.2 Circuit of the Arduino Nano and HC-06 Bluetooth chip

8.3. Communication Chip:

The communication chip that shall be used in the final product is ESP32 along with the DHT11 sensor.

The wiring of the circuit is pictured in Figure 8.3.1. as done in the lab using the purchased components

and a breadboard.

26



Figure 8.3.1 Wiring of the ESP32 and DHT11 sensor

27



The elementary code for reading data from the sensors and sending them through Bluetooth is

represented in Figure 8.3.2, which uses the DHT library. The following code will be enhanced by

installing and using the library for ESP32 BLE.

Figure 8.3.2 Elementary code for transferring temperature and humidity data

The enhancement that will be brought to the Arduino code to accommodate the usage of the Flutter

Bluetooth Library will be the addition of a GATT (Generic Attribute Profile), which determines how

data is transferred back-and-forth between two devices using Bluetooth. The ESP32 takes the roles of

the GATT server and the mobile phone application that of the GATT client as represented in Figure

8.3.3. The communication is done through the passing of services, which contain characteristics.

Services are the division of data into logical entities called characteristics. The characteristics act as

containers, which encapsulates the data to be sent. A device can have many services, and each can hold

many characteristics [7].
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Figure 8.3.3 Communication model between Bluetooth module and Mobile application

8.4. Bluetooth Stack:

As established in section 8.3, we make use of the GATT protocol to transfer data through Bluetooth.

That is apparent in Figure 8.4.1. of the code, which establishes a Bluetooth server and generates

characteristics and services UUIDs (Universally Unique Identifier) to distinguish them from other

devices’.

Figure 8.4.1 Arduino code snippet of the BLE server
29



A function called initBT() proceeds to create a BLE server along with the subsequently defined

services and characteristics and their descriptors. Characteristics in a BLE server have the following

properties as shown in Figure 8.4.2.: Read: to allow the device to read the descriptors from the

characteristics. Write: to allow the device to write into a characteristic. Notify: to allow the device to

be advised of the changes that occur to the characteristics.

Figure 8.4.2 Initializing the BLE server

Finally, the BLE server starts advertising itself for available devices to connect and consume its

services. Once the device is connected, the BLE server appends the sensor values in a comma split

string to its characteristic and transfers it to the device. To obtain a live update of the sensor values, the

Notify property will be used primarily in my application as shown in Figure 8.4.3.
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Figure 8.4.3 Transfer of sensor data to the connected device through notify property
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9. MOBILE PHONE APPLICATION

The mobile phone application represents the client-side. It is the middle-ware between relaying the

collected data from the sensors to the application server for storage and analysis. The solution

considered for this component of the architecture was using an independent mobile phone application

as it is a requirement for portability, usability and security. Thus, the first solution attempted was to use

Android Studio to develop an Android mobile phone application. However, it was intricate to

implement the REST point due to a lack of clear documentation and online help, which is necessary to

connect the mobile phone application to the application server. I have switched to using another

framework; Flutter. Flutter allows for direct connection to a backend server. Firebase’s API makes it

easy to store, retrieve and configure notifications for the paired application.

9.1. Communication between the body-sensing structure and the mobile phone

application:

The ESP32 advertises its services. The Flutter_Blue library supports methods that allow for enabling

the Bluetooth in case it is off, scanning for available devices, connecting to one of the listed devices,

scanning the services of the paired device, consuming the characteristics from the scanned services and

finally disconnecting from the device.

9.2. Components of the UI:

After opening the application, a dialog box shows up to prompt the user to enable and allow the device

to turn on the Bluetooth in case it is turned off. The application proceeds to scan the available devices

and lists them using a List View as shown in Figure 9.2.1. It also provides a Flat Button to connect to

said device.
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Figure 9.2.1 List View of available devices

In case the device is not available, the user has the possibility to scan again using the button in the

bottom right of the screen as shown in Figure 9.2.2.

Figure 9.2.2 Button to refresh Listview of available devices

After connecting to the device, the user can open the device to display the details of the device, the

available services and related characteristics as shown in Figure 9.2.3.

Figure 9.2.3 Detail View of connected device
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The user can also disconnect from the device, but also has an option to reconnect again as shown in

Figure 9.2.4.

Figure 9.2.4 Disconnect paired device

However, in the ongoing work, the Detailed View of the connected device will no longer be displayed

as it is not user friendly to display services and characteristics to the user. Thus, the application directly

pushes the Display View to the user, which displays the temperature and humidity values as shown in

Figure 9.2.5.
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Figure  9.2.5 Display health sensor data (Temperature and humidity)

9.3. Communication between the mobile phone application and the application

server:

Connecting a Flutter application to a Firebase backend is extremely easy, due to the fact that they are

both Google products. The process on the application side requires downloading a

google_services.json configuration file and placing it under the app directory in the android file as

shown in Figures 9.3.1.
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Figure 9.3.1 Downloading and uploading google config file to android app

I then proceed to add the specified google-services dependencies to the project-level build.gradle file

as shown in Figure 9.3.2.

Figure 9.3.2 Adding dependencies to project-level gradle
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Then adding more dependencies in the app-level build.gradle file as shown in Figure 9.3.3.

Figure 9.3.3 Adding dependencies to app-level gradle

The last step is to add the dependencies to the Flutter app’s YAML file, named pubspec.yaml along

with the version. The  same libraries added need to be imported in the application.

The communication model with the backend server and database will proceed as shown in Figure

9.3.4. The transfer of data back and forth is done through the Mobile Phone Application. The data is

transferred using a JSON file, as Firebase is a document-based DB.

Figure 9.3.4 Communication model between model between Mobile Phone Application and

Backend server and Database

9.4. Issues faced while developing the mobile phone application:

An ongoing issue that I have faced while running the code for the app, is fixing the dependencies. The

software stack when it comes to this project is very complex, as it includes dependencies for the

backend, the different Flutter packages, the gradle dependencies and finally the android dependencies
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(kotlin and Java). I have tried the many solutions offered online, however, nothing has solved the

issues so far. Thus, I have resorted to a temporary solution to still be able to fulfill one of the two main

requirements of this project. I have resorted to forgoing the mobile phone application being the

middle-ware and linked the body-sensing device directly to the Firebase Real-Time database to collect

the health related data as shown in Figure 10.3.1.

I have managed to solve the issues above. Thus, the mobile phone application and the backend server

should be effectively linked. However, I was not able to display the values as stored in the database as

can be seen in Figure 9.4.1.

Figure 9.4.1 Display UI after linking the app with it backend
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It is still unclear why such thing happened, hopefully, this issue will be overcome when once the full

solution will be implemented, which would be possible after resolving the dependency of the Flutter

BLE package and Google Play Services (mandatory minSDK of 19 for Flutter_BLUE and 21 for

Google Play Services); possibly once the package is upgraded by its creator, it will be possible to

handle all data transfer through the Mobile Phone Application. That is possible as shown in the code

snippet represented in Figure 9.4.2.

Figure 9.4.2 Reading and writing into the RT Database through the Flutter App
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10. APPLICATION SERVER AND DATA STORE

10.1. Understanding Firebase projects

A Firebase project is a top-level entity, where apps get registered to. There exists a relationship

between and the Cloud, which is indispensable to this project. As the collected data will amount to Big

Data related to health in the future, the most efficient way to store it for future growth and analysis is

to host it in the Cloud. Thus, when a Firebase project is created, a Google Cloud project is actually

devised in the background. That Google Cloud Project can be considered as a virtual container for all

the data, code, services and configurations made. Thus, a Firebase project is a Google Cloud-hosted

project with Firebase specifications.

10.2. Setting up a Firebase project and registered apps:

The application and database server will be supported and deployed using Firebase. That is possible by

first creating a backend as shown in Figure 10.2.1.

Figure 10.2.1 Deploying Backend on Firebase

Then linking an Android Application to it by registering the available application to the backend as

represented in Figure 10.2.3. The SHA-1 certificate is generated as shown in Figure 10.2.2.
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Figure 10.2.2 SHA-1 certificate generation

Figure 10.2.3 Registering the Android Application to the backend server
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After setting up the rest of the configuration in the client-side (mobile phone application) as shown in

Section 9.3, the next step is to enable a database and choose a location as shown in Figure 10.2.3. to

view the incoming data on the Google Console.

Figure 10.2.4 Setting up the application’s database in the Cloud

10.3. Storing sensor values in the Cloud:

The stored data is structured as can be seen in Figure 10.3.1. in the real-time database. The data is

transferred real-time, thus when the values get updated, it gets highlighted and updated in the database

admin view as represented in Figure 10.3.1. The database highlights in yellow everytime the value gets

updated as shown in Figure 10.3.2.
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Figure 10.3.1 Stored health data in the database
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Figure 10.3.2 Firebase DB getting updated in Real-Time

10.4. Dashboard view for third party users:

The idea for this part is to include a platform where third-party users, namely researchers or doctors

that are concerned with the collected data are able to visualize it independently. The chosen solution

for such requirements is to use the Node-Red development tool. The Node-Red allows access to

Firebase API through the specific node and retrieves the data.
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11. FUTURE WORK

There are many improvements that could be made to enhance every component of the architecture:

11.1. Body-Sensing Structure:

Future improvements to be made in this component of the architecture is to add more sensors to

monitor more bodily functions.

11.2. Mobile Phone Application:

The first step is to solve the issues of dependencies in the mobile phone application and be able to

execute it without any warning. The second step after solving the first issue is to enhance the UI of the

mobile phone application to make it more user friendly. More work could also include implementing

more functionalities and features to upgrade the application from being solely used for the collection

of Big Data, to being more oriented towards being used daily by users on top of its core requirements.

Such objectif could be achieved by adding functionalities such as providing users with their health

summary data for a certain period or allowing customization of the UI… etc.

11.3. Application and Database Server:

An improvement when it comes to the backend server would be to start applying Big Data Analytics

methods on the data collected. However, that would not be possible until the later stage of maturity of

this project as such processes would require a sizable amount of the data to be collected, as well as

setting up an independent application server. The functional requirements should be specific to the

needs of the researchers or doctors that will make use of the collected data.
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12. CONCLUSION

The main purpose of this capstone project is to implement an architecture, whose main functions

consist of collecting data relative to the health of the users. The architecture consists of three

indispensable components. A communication chip surmounted by a sensor, a mobile phone application

and application server. This project concludes my journey as a student in AUI. It has been a great

challenge due to the difficulties faced throughout. However, it was also a big opportunity and learning

experience, as I was able to experiment and hand-on learn tools, frameworks and languages that I

never had the chance to use either independently or over the course of the past four years. I have had

the chance to learn mobile development as well as experiment with micro-controllers, learn from my

mistakes and grow a set of skills that I might need after my graduation. This project has also been a

great aperçu to get acquainted with Big Data and Big Data processing, Cloud and Cloud Computing.

There is still room for improvements in this project, as I am still in the process of implementing some

of the functional requirements, and also plan on finishing the complete product in the future.
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13. CONCLUSION (FRENCH)

L'objectif principal de ce projet est de mettre en place une architecture dont les fonctions principales

consistent à collecter des données relatives à la santé des utilisateurs. L'architecture est composée de

trois éléments indispensables. Une puce de communication surmontée d'un capteur, une application

pour téléphone mobile et un serveur d'application. Ce projet conclut mon parcours d'étudiant à AUI.

Cela a été un grand défi en raison des difficultés rencontrées tout au long du projet. Cependant, ce fut

également une grande opportunité et une expérience d'apprentissage, car j'ai pu expérimenter et

apprendre sur le tas des outils, des cadres et des langages que je n'ai jamais eu la chance d'utiliser, que

ce soit de manière indépendante ou au cours des quatre dernières années. J'ai eu la chance d'apprendre

le développement mobile et d'expérimenter les microcontrôleurs, d'apprendre de mes erreurs et de

développer un ensemble de compétences dont je pourrais avoir besoin après mon diplôme. Ce projet a

également été un excellent aperçu pour me familiariser avec le Big Data et le traitement du Big Data,

le Cloud et le Cloud Computing. Il y a encore de la place pour des améliorations dans ce projet, car je

suis encore en train de mettre en œuvre certaines des exigences fonctionnelles, et je prévois également

de terminer le produit complet à l'avenir.
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