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Résumé

Cette these s'inscrit dans le cadre de la conception et du développement d'une
application de gestion du diabéte. L'objectif est de développer une application permettant
de surveiller la glycémie en continu, de prédire les niveaux de glycémie et d'informer
l'utilisateur en cas d'urgence. L'application doit étre simple et facile a utiliser pour tous les

groupes d'age.

Pour développer notre application, nous avons utilisé¢ le langage de programmation
JAVA, dans l'environnement de développement Android Studio, ainsi que le langage de
programmation Python. Nous avons utilisé le moteur de gestion de base de données

NoSQL et le langage de modélisation UML.
Mots-clés:

Gestion du diabéte, surveillance de la glycémie, prédiction de la glycémie, alertes
d'urgence, application conviviale, utilisation multi-age, programmation JAVA, Android

Studio, Python, base de données NoSQL, modélisation UML

Abstract

This thesis is part of the design and development of a diabetes management app.
The aim is to develop an app for continuous blood glucose monitoring, predicting blood
glucose levels and informing the user in case of an emergency. The app should be simple

and easy to use for all age groups.

When developing our application, we used the JAVA programming language,
within the Android Studio development environment, in addition to the Python
programming language. We used the NOSQL database management engine and the UML

modeling language
Keywords:

Diabetes management, Blood glucose monitoring, Blood glucose prediction,
Emergency alerts, User-friendly application, Multi-age usability, JAVA programming,
Android Studio, Python, NOSQL database, UML modeling
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General introduction

The field of medical technology represents an area of innovation and progress where
technology meets health to profoundly transform the delivery of healthcare to citizens in a
country facing various health challenges including the way we manage diabetes, which has
become a major health problem in Algeria due to its impact on a growing number of people
of all ages and groups. Therefore, in light of the revolution of medical innovation and our
deep-rooted commitment to face this reality in the management of diabetes in our country,
our mission is to provide accurate and continuous blood glucose monitoring solutions to

ensure optimal control of the disease and prevent complications.

Our solution is to develop a blood glucose monitoring application that is perfectly
suited to the reality of the needs of people living in Algeria, as this application will provide
many features such as ease of use and customized alerts to help users manage their cases

proactively and this is due to its availability of prediction features .

In the future, we also aspire to develop the glucose sensor to make this easy-to-use
portable sensor made by Algerian hands an indispensable addition to our continuous diabetes
monitoring application, providing a complete integrated solution to improve the lives and

independence of people with diabetes in Algeria.

This dissertation is made up of four chapters:



Chapter 1: Background and aim of the thesis

In this chapter,we discuss diabetes and current methods for glucose monitoring,
focusing on recent advancements and technologies available for continuous glucose

monitoring (CGM).

Chapter 2: Application of Al in healthcare

This chapter delves into the application of artificial intelligence, specifically Machine

Learning and Deep Learning, to enhance glucose level prediction and diabetes management.

Chapter 3: System Design

In this chapter, we present the design part of our system. For this, we opted for the

UML language and used several diagrams:
- Use case diagrams for representing user needs.
- Sequence diagrams for representing the use cases.

- The class diagram for representing the objects of the system.

Chapter 4: Realization and Implementation

The last chapter includes a small presentation of the environment in which our
application was realized, the tools and technologies used and the interfaces of our

application.



Chapitre 1

Background and Aim of the thesis

1.1 Introduction

In this chapter, we provide an overview of the Continuous Glucose Monitoring
(CGM). We have carried out a study of the existing situation which will help us lay the
foundations for the needs of the system to be created. We conclude this chapter with a

solution for the CGM.

1.2 Definition of diabetes

Diabetes is a chronic (long-lasting) health condition that affects how your body turns
food into energy. Your body breaks down most of the food you eat into sugar (glucose) and
releases it into your bloodstream. When your blood sugar goes up, it signals your pancreas to
release insulin. Insulin acts like a key to let the blood sugar into your body’s cells for use as
energy. With diabetes, your body doesn’t make enough insulin or can’t use it as well as it
should. When there isn’t enough insulin or cells stop responding to insulin, too much blood
sugar stays in your bloodstream. Over time, that can cause serious health problems, such as
heart disease, vision loss, and kidney disease. There isn’t a cure yet for diabetes, but losing
weight, eating healthy food, and being active can really help. Other things that someone

could also help are:
® Take medicine as prescribed.
® (et diabetes self-management education and support.

® Make and keep health care appointments.[1]
7



1.3 Types of diabetes

There are three main types of diabetes: type 1, type 2, and gestational diabetes

(diabetes while pregnant).The following figure 1 represents an image of the difference

between diabetes type 1 and type 2.

Types of Diabetes

Cells do not
respond to insulin
e @6 L

Type 1 Diabetes Type 2 Diabetes

Cells do not absorb glucose |

Figure 1 — Types of diabetes

1.3.1 Type 1 diabetes

Type 1 diabetes (previously known as insulin-dependent, juvenile or childhood-onset)
is characterized by deficient insulin production and requires daily administration of insulin.
In 2017 there were 9 million people with type 1 diabetes; the majority of them live in high-
income countries. Neither its cause nor the means to prevent it are known. In most cases, type
1 diabetes has an autoimmune origin and affects children or young adults, and in fact it is also

called “juvenile diabetes™.[2]



1.3.2 Type 2 diabetes

Type 2 diabetes affects how your body uses sugar (glucose) for energy. It stops the
body from using insulin properly, which can lead to high levels of blood sugar if not treated.
Over time, type 2 diabetes can cause serious damage to the body, especially nerves and blood
vessels. Type 2 diabetes is often preventable. Factors that contribute to developing type 2

diabetes include being overweight, not getting enough exercise, and genetics.

Early diagnosis is important to prevent the worst effects of type 2 diabetes. The best
way to detect diabetes early is to get regular check-ups and blood tests with a healthcare

provider.

Symptoms of type 2 diabetes can be mild. They may take several years to be
noticed. Symptoms may be similar to those of type 1 diabetes but are often less marked. As a
result, the disease may be diagnosed several years after onset, after complications have

already arisen.

More than 95% of people with diabetes have type 2 diabetes. Type 2 diabetes was
formerly called non-insulin dependent, or adult onset. Until recently, this type of diabetes was

seen only in adults but it is now also occurring increasingly in children.

1.3.3 Gestational diabetes

Gestational diabetes is hyperglycemia with blood glucose values above normal but

below those diagnostic of diabetes. Gestational diabetes occurs during pregnancy.

Women with gestational diabetes are at an increased risk of complications during
pregnancy and at delivery. These women and possibly their children are also at increased risk

of type 2 diabetes in the future.

Gestational diabetes is diagnosed through prenatal screening, rather than through

reported symptoms.



1.4 The Glucose-Insulin Control Mechanism

The glucose substrate represents the main source of fuel for the human body. Thanks
to a complex regulatory mechanism, glucose concentration in blood of healthy subjects is
tightly kept in a limited range, i.e. 70-180 mg/dL, although it is subject to fluctuations due to
utilization and production processes. Different hormones are involved in this regulation. The
most important one is insulin, which is produced by the beta-cells of the pancreas, and is
responsible for lowering the glucose concentrations. Insulin is also the principal control

signal for conversion of glucose to glycogen for internal storage in the liver.[3]

As depicted in Figure 2, glucose is used by many organs, tissues and cells. Some, like
brain or red blood cells, consume glucose continuously and independently of insulin and the
interruption of this supply may cause severe damages. For muscles, fatty tissue, and liver the
absorption of glucose is proportional to insulin concentration. Glucose in blood derives both

from intestinal absorption of carbohydrates and from internal production.

In particular, the latter consists in the conversion to glucose of glycogen stored in the
liver or in the so-called gluconeogenesis (the “re-construction” of glucose using substrate

derived from glucose degradation).

An increase in blood glucose concentration causes an increase in insulin secretion.
Glucose and insulin concentration have the same effect on the glucose production and
utilization: an increase in insulin (or glucose) concentration causes a decrease of glucose
production and an increase of glucose utilization by muscle, while there is no influence on
glucose utilization by the brain.The following figure 2 represents an image of the Glucose &

Insulin system.The following figure 2 represents an image of the Glucose & Insulin system.
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Figure 2 — Glucose & Insulin

1.5 Diabetes-Related High and Low Blood Glucose Levels

When you have diabetes, you may have high blood sugar levels (hyperglycemia) or
low blood sugar levels (hypoglycemia) from time to time. A failure of the glucose counter-
regulatory system causes Blood Glucose Levels (BGL) to exceed the euglycemic range.
Hypoglycaemia and hyperglycaemia might lead to short and long term complications,

respectively.

1.5.1 High blood sugar (hyperglycemia)

High blood sugar occurs when the sugar (glucose) level in your blood rises above the
target range. Blood sugar can rise when you eat too many calories or miss taking your
medicines (insulin or pills). It can also rise when you have an infection or illness, an injury,
or surgery. Even emotional stress can cause your blood sugar to rise. High blood sugar
usually happens slowly over a period of hours to days. But missing a dose of insulin can

cause a quick rise in blood sugar levels. Blood sugar levels just above your target range may

11



make you feel tired and thirsty. If your blood sugar stays higher than your target range for
weeks, your body will adjust to that level. You may not have as many symptoms of high

blood sugar.[4]

1.5.2 Low blood sugar (hypoglycemia)

Low blood sugar occurs when the sugar (glucose) level in your blood drops below
what your body needs. Your blood sugar can drop quickly if you don't eat enough food or you
skip meals. It can also happen if you take too much medicine (insulin or pills), exercise more

than usual, or take certain medicines that lower blood sugar.

People who lose weight or develop kidney problems may not need as much insulin or
other medicines as they did before they lost the weight or had kidney problems. Their blood
sugar may drop too low, so when the body goes through such changes, blood sugar should be

checked frequently.

When your blood sugar level drops below 70 mg/dL, you will usually have
symptoms of low blood sugar. This can happen quickly, in 10 to 15 minutes.[4]

1.6 Problematic

Self Monitoring Blood glucose Level (SMBG) is the most common test for measuring
BGL. It involves pricking a finger with a lancet device to obtain a small blood sample,
applying a drop of blood onto a reagent test-strip, and determining the glucose concentration
by inserting the strip into a measurement device. Different manufacturers use different
technologies, but most systems measure an electrical characteristic proportional to the

amount of glucose in the blood sample.
Although it is widely used, SMBG has limitations that can affect its effectiveness.

® SMBG can be time-consuming and require a significant amount of effort.

12



® Variability and inaccuracies in measurements caused by blood sampling, environmental

conditions.

® SMBG involves pricking the finger with a lancet to obtain a blood sample, this can cause
pain and discomfort, especially if the individual needs to test their blood glucose levels

frequently.
® SMBG can only give the instance of blood glucose and not the whole story.
® Failing to capture blood glucose fluctuations throughout the day.

® Provides only a snapshot of blood glucose levels at a single moment in time.

1.7 Continuous Glucose Monitoring (CGM)

The CGM is a continuous glucose measurement system. It mainly makes it possible to
monitor glucose levels 24/24 and 7/7, a few minutes apart, thanks to a small sensor placed on
the abdomen or arm using an automatic insertion device. The sensor measures your
interstitial glucose level, that is to say the level of glucose contained in the liquid that is

between the cells. [5]

Figure 3 — continuous glucose monitoring devices for diabetes management.
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1.8 Current types of CGM Sensors

Continuous glucose monitoring sensors include a variety of technologies designed to
monitor blood glucose levels in individuals with diabetes. These sensors can be classified into
different types according to: a) the kind of measure (direct or indirect); b) to the level of

invasiveness; c) to the physical principle the sensor is based.
There are three different categories of CGM sensors:
® [nvasive
® Minimally invasive
® Non-invasive

Each type of SGM sensor offers certain advantages and challenges. Their
understanding is critical for healthcare providers and patients alike in choosing the most

appropriate CGM that meets the diverse needs of individuals for optimal diabetes

management.
Towards non-invasive blood glucose level monitoring device
A Invasive B Minimally Invasive C Non-Invasive
Glucometer Continuous Glucose Monitor Wristwatch

Patch

Figure 4 — different type of current CGM Sensors
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1.8.1 Invasive CGM Sensors

Measurement of BGL could be obtained invasively by using sensors implanted into
the body. These sensors are extremely accurate, but given their level of invasiveness they are

particularly suited for operating rooms and intensive care units.

There are different technologies allowing transducer glucose concentration into an
electrical signal, most of them are based on the glucose-oxidase principle. Other sensors are

based on competitive binding of glucose with other molecules or glucose spectral properties.

[6]

1.8.2 Minimally Invasive CGM Sensors

Instead of implanting the sensor into the body, a subcutaneous needle may be used to
sense glucose. Usually these systems are based on enzyme electrodes, most of the time
exploiting a glucose-oxidase principle. Subcutaneous needles provide much more information
about dynamics and glucose excursions if they are compared to a finger-prick system,

providing readings every 1-5 minutes for up to 14 days. [6]

1.8.3 Non-Invasive CGM Sensors

Non-invasive Continuous Glucose Monitoring NI-CGM sensors measure glucose
concentration through the skin without extracting blood or interstitial fluid or without a
needle penetrating the skin for reaching these fluids. Hence, these sensors are more
comfortable for the patient than the previously described sensors and do not cause displeasing
physiological reactions. However, the measure is affected by different confounding

factors,making it more difficult to perform an accurate measurement. [6]
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1.9 State of the Art in Diabetes Management

Continuous glucose monitoring (CGM) has advanced diabetes management,
providing real-time insights into blood sugar levels while enabling personalized interventions.
In this brief overview of the latest technology at CGM, we dive into the latest developments,

challenges, and implications for individuals with diabetes.

1.10 Exploring Leading CGM Technologies in Algeria

1.10.1 Free Style Libre 2 System

The Freestyle Libre CGM system is available for individuals aged 4 years and older
with diabetes, including pregnant women. It offers a convenient, accessible, and easy-to-use
solution for continuously measuring interstitial fluid glucose levels. The system consists of a

microsensor and either a reader or a smartphone app.[7]

® Connectivity : All sensors in the FreeStyle Libre system must be started with an initial

scan with App 16 or Reader 8.

® Accurate : FreeStyle Libre 2 has a Mean Absolute Relative Difference (MARD) of 9.3%
(9.2% for adults and 9.7% for children), making it the only iCGM sensor to maintain a

high level of accuracy over a 14-day period.

MARD: Mean Absolute Relative Difference (measure of accuracy),The lower the
MARD the better.[9]

® Reliable : With optional real-time glucose alarms, patients can be notified immediately

when their glucose levels are high or low.

® Convenient : The FreeStyle Libre system offers the option to check glucose readings

either on the FreeStyle Libre 2 reader or on the smartphone app.
® Affordable : The most affordable CGM system, even without insurance coverage [7].
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® Data Sharing and Remote Monitoring : Share Data in Real Time Remotely in the

FreeStyle Libre and LibreLinkUp apps, you can share data with doctors or caretakers.

1.10.2 Dexcom G6 System

The Dexcom G6 Continuous Glucose Monitoring System consists of a small sensor
that is worn on the body for 10 days and transmits data on glucose levels to a compatible

smart device or receiver every 5 minutes. [10]

® Connectivity : The Dexcom G6 continuous glucose monitoring (CGM) system uses
Bluetooth connectivity to transmit glucose data to compatible devices such as

smartphones or receivers .

® Accurate : Dexcom CGM systems are known for the accuracy of their sensors,
providing reliable glucose readings that help users make informed decisions about

managing diabetes.

® Reliable : Simple alerts warn you of highs and lows and this is only by setting your

personal range to be notified when it is too high and before it drops too much.

® Convenient : It allows the sensor to connect to a compatible receiver or smart device
(your smartphone or smartwatch, ...). This allows users to easily access their glucose data

on their favorite devices with just a quick glance.

® Affordable : Dexcom strives to provide affordable options for users seeking continuous
glucose monitoring solutions. Additionally, Dexcom offers assistance programs and
resources to help individuals navigate insurance coverage and access financial support if
needed. Overall, Dexcom aims to balance the affordability of their CGM systems with
the high-quality features and benefits they provide to users managing diabetes. Widely

covered and affordable This includes most commercial plans. [10]

® Data Sharing and Remote Monitoring : Similar to the FreeStyle Libre, Dexcom CGM
systems enable users to share their glucose data with caregivers or healthcare providers

remotely. This feature facilitates remote monitoring and support, allowing healthcare
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professionals to review glucose trends and provide personalized guidance. The Dexcom
Follow app allows your circle of support to be there for you, even when you’re apart.

You can also share your progress with your doctor right from the Dexcom Clarity app.

[10]

1.11 Introducing a Novel CGM Solution

1.11.1 Sibionics GS1 System

Sibionics CGM has the advantage of being the first real-time glucose monitoring
system in China and is for people aged 18 years and older. It's calibration-free for 14 days
using Bluetooth, providing users with a hassle-free experience without the need for frequent

calibration .

® Connectivity : Thanks to a robust Bluetooth connection between the GS1 and the
Heipox app, patients won't have to scan the sensor using their phone to get glucose
readings. The GS1 will automatically transmit your glucose numbers every 5 minutes - a

total of 288 readings per day to your smartphone.

® Accurate : Sibionic distinguishes itself from competing brands in a below-average
MARD value of 8.83%, which translates to higher accuracy in glucose level readings.
The majority of users can obtain accurate glucose data within the first 48 hours of sensor
application. The EU Quality Management System (MDR) also testified to the
compliance of the SIBIONICS GS1 CGM system with the stringent health and safety
standards required by the European Union (EU). This certification confirms the quality,
safety and superior efficacy of the SIBIONICS GS1 CGM system as a medical
device.[11]

® Reliable : Alerts that keep you informed. Customize your glucose notification settings
in our application to be alerted of high and low glucose levels, so you can act quickly to
prevent complications. You also can turn on the Override Do Not Disturb option to

receive alerts.
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® Convenient : Application of the GS1 Sensor is completely hassle-free, with no
fingersticks or calibration needed. Upon connecting to the Our Heipox app, accessing
your glucose levels, trends, time in range, and more are just one click away, eliminating
the need to scan the sensor with your phone.

® Affordable : Sibioncs provides a longer 14-day sensor service life and sensor memory,
compared to most of its counterparts, reducing the frequency of replacements and
lowering overall costs.

® Data Sharing and Remote Monitoring : GS1 supports blood glucose data sharing with
friends, family. Keeping your family, friends and health care team informed about your

glucose levels.

1.12 Sibionics GS1 CGM System Component

Continuous Glucose Monitoring (CGM) systems typically consist the following three

parts:

Measures interstitial Established
glucose and sand technology but use in
data via Bluetoath 1o athletes is relatively
a device (phonea) new
Sensor Bluetooth
7
- lucose
— g
- analyser

skin — microneedle
interstitial cell—

space
blood

Figure 5 — CGM sensor react with interstitial fluid
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1.12.1 Minimally invasive CGM Sensor

A minimally invasive electrode called a "sensor" is inserted just under the skin,

typically placed on the abdomen or arm, ensuring user comfort and remains for 7-14 days.

The CGM Sensor continually measures glucose levels using an electrode equipped
with glucose oxidase enzyme,by measuring electron movement in the interstitial fluid, and

sends glucose information to the transmitter at regular intervals, typically every few minutes.

1.12.2 The transmitter

The transmitter is attached to the sensor and converts the electrical signals sent by the
sensor into digital signals (using signal amplification and filtering mechanisms). It then
sends data every 5 min via Bluetooth Low Energy (BLE) technology to a receiver or smart

device where you can see your current glucose level.

> Bluetooth Low Energy (BLE) : Bluetooth low energy (BLE) is transforming
geolocation. BLE is designed with similar features as Bluetooth but with a focus on low
power. As a result, it is not as fast as Bluetooth and is not suitable for transferring large

files, but it’s ideal for moving small amounts of data with minimal power consumption.

® BLE has made it possible for a wide range of small IoT devices, such as sensors and tags,
to communicate despite limited batteries. Most smartphones and devices today are

equipped with Bluetooth capability.

® BLE uses very little energy compared to other wireless technologies and can operate for

extended periods of time on a single battery charge.
® BLE uses about 1/10 of the energy Bluetooth devices use

® BLE excels at transmitting small and infrequent data packets using low amounts of

power and low latency. [8]
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1.12.3 Display Device (Smart Device/Application)

The Heipox application provides real-time glucose, as well as historical trends,
graphs, customizable alarms, and glucose prediction features. This allows users to ensure the

best management of diabete.

Data Transmitted Via

Compact in Design Bluetooth

N

Continuous wear for up

to 14 days IPX 8 Waterproof

Pain-free, Convenient Higher Precision at

Application Lower Cost

Figure 6 — CGM device components

1.13 Inserting and fixing the Sibionics GS1 sensor

The insertion of the sensor takes place in several steps:
® Step 1 : Select a site on the back of your upper arm or your abdomen

® Step 2: Use an alcohol wipe to remove any oily residue and allow your skin to dry before

applying the sensor.
® Step 3: Peel off the lid on the sensor pack.

® Step 4: Uncover the cap from the sensor applicator then press the sensor applicator

firmly down on the pack until it comes to a stop.

® Step 5: Lift the sensor applicator out of the sensor pack. If the sensor is not ready to

apply, repeat Step 4.

® Step 6: Press and pull the safety clip out.
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Step 7: Place the sensor applicator over the site and push the button down. Now your

sensor is well applied.

Step 8 : After you finish putting the CGM on your hand, put the sensor-patch to protect
your CGM device and keep it for a longer time.[12]

PRODUCT DETAILS

SIBIONICS

GS1
CONTINUOUS GLUCOSE
MONITORING SYSTEM
Product Insert

)
S
asz B

Sensor Pack

Sensor Applicator Product Insert

GS1
CONTINUOUS GLUCOSE
MONITORING SYSTEM

— USer Guide

SIBIONICS

Figure 7 — CGM Pack details
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Figure 8 — Step guide to insert your CGM device

1.14 Utilization of Sibionics GS1 System in Our Project

In our startup, we exclusively use Sibionics Continuous Glucose Monitoring sensor.
Taking advantage of its previously mentioned advanced features and the most important of
which is Bluetooth, our application called Heipox extends far beyond traditional glucose
monitoring to offer a comprehensive set of functions aimed at improving diabetes
management. The Sibonics sensor serves as the basis for real-time glucose monitoring,
providing users with accurate and reliable data insights. However, in this project, we decided
to integrate additional functions along with sensor data, where integrating predictive analytics
into our application is a pivotal aspect of our project. By harnessing the data generated by the
Sibioncs sensor, our app uses advanced algorithms and machine learning techniques to
predict users' future glucose levels (The Next Hour). This predictive capability enables
individuals with diabetes to anticipate potential fluctuations in their blood sugar levels,

empowering them to take preemptive measures to maintain optimal glycemic control.
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1.15 Needs Analysis

1.15.1 Functional requirements

This application must allow :

v" Manage glucose data
- Collect glucose data from a connected sensor.
- Analyze and process glucose data to provide valuable information.
- Display the current and historical glucose levels graphically.
- Display a graph of the predicted glucose levels for the next hour.
- Display statistics about glucose.

v Manage notifications and alerts.
- Send alerts in case of abnormal glucose levels.
- Send alerts in the event of abnormal predicted glucose trends.
- Activate / disable notifications.
- Customize the alarm tone.

v" Manage profile.
- Modify personal information.
- Edit the profile picture.
- Change the email and password.
- Change the diabetes type and the ideal glucose range.

v Download data and share it with others.

1.15.2 Non-functional requirements

These are the requirements that characterize the system. Our application must meet
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the following criteria:

® Ergonomics and flexibility: The application must provide a user-friendly and
ergonomic interface, usable by the user considering all possible interactions on the screen

of the held device.

® Speed: The application must optimize processes to have a reasonable time for generating

diagrams.

® Multi-device support: The application must be compatible with a variety of smartphone

models.

® Effectiveness: The application must be functional regardless of any circumstances that

may surround the user.

® Maintainability and scalability: The application code must be readable and

understandable to ensure its evolutionary and extensible state in relation to market needs.
® Stability: The application must be very stable during its execution.

® Security: Data handling by the application must be secure to avoid any unauthorized use.

1.16 Conclusion

The implementation of a continuous glucose monitoring system with Bluetooth
connectivity, predictive capabilities and alerts in Algeria holds great promise for both
healthcare and the economy. This technology will greatly benefit the Algerian people,
especially children aged four years and older. It provides proactive diabetes care, enhances

health outcomes and quality of life.
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Chapitre 2

Application of Al in Healthcare

2.1 Introduction

In recent years, artificial intelligence (artificial intelligence) has emerged as a
transformative force in the healthcare field, providing novel solutions for diagnostics,
treatment planning, and patient care.. This chapter explores the intersection of artificial
intelligence and healthcare, focusing on its role in predictive analytics, particularly in
continuous glucose monitoring (CGM). The ability of Al to analyze vast amounts of
healthcare data and make accurate predictions holds tremendous promise in improving
patient outcomes and revolutionizing medical practice. In this chapter, we dive into the core
principles of artificial intelligence, its applications in healthcare forecasting, and its

transformative impact on diabetes management..
2.2 Definition and Fundamentals of Artificial intelligence (Al)

Artificial Intelligence (AI) has become an integral part of our lives whether we realize
it or not. It can perform tasks that require human intelligence, such as learning, thinking, and

troubleshooting. Now, let's dive into the core concepts and components that underpin AL[13]

2.2.1 Definition of Al

Artificial intelligence (Al) is the theory and development of computer systems
capable of performing tasks that historically required human intelligence, such as recognizing

speech, making decisions, and identifying patterns. Al is an umbrella term that encompasses
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a wide variety of technologies, including machine learning, deep learning, and natural

language processing (NLP). [13]

2.2.2 Machine learning

Machine learning is a form of artificial intelligence that can adapt to a wide range of
inputs, including large sets of historical data, synthesized data, or human inputs. These
algorithms can detect patterns and learn how to make predictions and recommendations by
processing data, rather than by receiving explicit programming instruction. Some algorithms

can also adapt in response to new data and experiences to improve over time. [14]
There are three types of machine learning algorithms:

® Supervised learning: Data sets are labeled so that patterns can be detected and used to

label new data sets.

® Unsupervised learning: Data sets aren't labeled and are sorted according to similarities

or differences.

® Reinforcement learning: Data sets aren't labeled but, after performing an action or

several actions, the Al system is given feedback. [15]

2.2.3 Deep learning

Deep learning is a more advanced version of machine learning that is particularly
adept at processing a wider range of data resources (text as well as unstructured data
including images), requires even less human intervention, and can often produce more
accurate results than traditional machine learning. Deep learning uses neural networks—
based on the ways neurons interact in the human brain—to ingest data and process it through
multiple neuron layers that recognize increasingly complex features of the data. For example,
an early layer might recognize something as being in a specific shape; building on this
knowledge, a later layer might be able to identify the shape as a stop sign. Similar to machine

learning, deep learning uses iteration to self-correct and improve its prediction capabilities.
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For example, once it “learns” what a stop sign looks like, it will be able to recognize a stop

sign in a new image. [14]

Artificial Intelligence

Machine Learning

Deep Learning Asubset of Althat | AN¥ technique that
enables computers

to mimic human
intelligence, using
logic, if-then rules,
decision trees, and
machine learning
(including deep
learning)

The subset of machine learning includes abstruse
composed of algorithms that permit statistical techniques
software to train itself to perform tasks, that enable machines
like speech and image recognition, by to improve at tasks
exposing multilayered neural networks to with experience. The
vast amounts of data. category includes
deep learning

Figure 2.1 — The hierarchy of artificial intelligence.

2.3 Application of Machine learning and deep learning models in

Health Care

In healthcare, predictive modeling is an essential tool for determining future health
outcomes. It is a process that uses statistical methods, data mining, and machine learning to
identify patterns in data and recognize the chance of certain outcomes. The goal of predictive

modeling is to answer the question: "What is likely to happen in the future based on known

past behavior?". [16]

The predictive modeling process involves running algorithms on the data to make

predictions. Since the process is iterative, it trains the model that is most applicable to the
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goal or task at hand. In our study, which focused on predictive analytics for continuous
glucose monitoring (CGM) for predicting trends and predicting diabetes events, we trained

four distinct models to predict glucose levels and diabetes events :

2.3.1 Recurrent neural network (Simple RNN)

Recurrent neural network (RNN) is capable of extracting dynamic temporal behaviour
from an input time sequence. Basic RNNs are a network of nodes emulating neurons, each
with a directed (oneway) connection to every other node. Each node has a time varying real-
valued activation. Each connection (synapse) has a real-valued weight which can be modified
during every iteration. Nodes are either input nodes to receive data from outside of the
network, output nodes that yield results, or hidden nodes that modify the data which passes
through them via their route from input to output. The difference from the traditional
feedforward neural networks is that RNN is capable of using its internal state, otherwise

known as memory, to process sequences of inputs.[17]

2.3.2 Long short-term memory (LSTM)

Long short-term memory (LSTM) units are a special type of building units for RNN.

It can analyze,, classify and predict temporal data sequences of time lags of any size. A
typical LSTM network is made up of memory, input, output and forget gates. The memory in
LSTM can remember values over arbitrary time intervals. Each of the three gates is a form of
neuron (which computes an activation function of a weighted sum). More than that, these
gates control the passage of values in LSTM layers; hence these special neurons are named as
gates. By long short-term, the fact underlined is that LSTM’s memory can really last for a
long time. LSTM tackles the issue of exploding and vanishing gradient problems which is an

important issue while training traditional RNNs. [17]

2.3.3 Support Vector Regression (SVR)

Support Vector Regression (SVR) is a type of machine learning algorithm used for

regression analysis. The goal of SVR is to find a function that approximates the relationship
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between the input variables and a continuous target variable, while minimizing the prediction

error. [18

It is a variant of Support Vector Machines (SVM) and is designed to predict
continuous numeric values, making it suitable for tasks like time series forecasting. which

includes CGM data.[19]

2.3.4 Bidirectional LSTM

BiLSTM is a type of recurrent neural network (RNN) that processes sequential data
in both forward and backward directions. It combines the power of LSTM with bidirectional
processing, allowing the model to capture the past and future context of the input sequence,
making it well suited for time-series prediction tasks. Unlike traditional neural networks,
BiLSTM networks include memory cells and gates that enable them to selectively retain and

update information over time.
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Figure 2.2 — BiLSTM Explained.

2.4 Predictive Model Evaluation Metrics

Model evaluation involves using different metrics to understand a model's
performance. It is crucial for assessing a model's effectiveness and plays a significant role in

ongoing model monitoring. To determine whether the models used in our application work
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well with the data and to select the best model, we considered four widely used evaluation

metrics.:

2.4.1 Root mean square error

Root mean square error or root mean square deviation is one of the most commonly
used measures for evaluating the quality of predictions. It shows how far predictions fall from

measured true values using Euclidean distance.[20]

To compute RMSE, calculate the residual (difference between prediction and truth)
for each data point, compute the norm of residual for each data point, compute the mean of
residuals and take the square root of that mean. RMSE is commonly used in supervised
learning applications, as RMSE uses and needs true measurements at each predicted data

point.
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Figure 2.3 - Root mean square error Formula.

2.4.2 R-Squared

R-squared (R2) is defined as a number that tells you how well the independent
variable(s) in a statistical model explain the variation in the dependent variable. It goes from

0 to 1, where 1 indicates a perfect fit of the model to the data. [21]

MSE(model)

2
— 1 —_
i MSE(baseline)
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Figure 2.4 - R-squared Formula.

2.4.3 Mean Relative Error

Mean Relative Error (MRE) is an error measure often used in machine learning for
regression problems. MRE measures the mean relative error, i.e. how much the model’s

predictions differ in percentage from the ground truth. [22]

Absolute error = [Virue - Vobserved

: [Vtrue - observedl
Relative error =

Vtrue

|Vtrue = Vobsemed|
Percentage error = x 100

Vtrue

Figure 2.5 - Mean Relative Error Formula

2.4.4 Correlation

Correlation is the statistical measure of the relationship between two variables. There
are different types of correlation coefficients like Pearson coefficient (linear) and Spearman
coefficient (non-linear) which capture different degrees of probabilistic dependence but not
necessarily causation. The correlation coefficient, or Pearson’s, is calculated using a least-

squares measure of the error between an estimating line and the actual data values,
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normalized by the square root of their variances. The coefficients range in value from -1

(perfect inverse correlation) to 1 (perfect direct correlation), with zero being no correlation.

[23]
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Figure 2.6 - the Pearson correlation Formula.

2.5 Comparative Analysis of Evaluation Metrics: RMSE, MRE,
and R - Squared

Each metric serves a unique purpose in evaluating model performance in a CGM

application:

In short, RMSE measures the average error in the model's predictions, lower RMSE
indicates better predictive accuracy, while R2 measures the percentage of variance explained
by the model. RMSE is for understanding the accuracy of the predictions, and R2 is for
understanding the overall fit of the model. MRE evaluates the average size of the errors

relative to the actual values, indicating consistency in predictions.
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2.6 Dataset Description

Based on a training dataset containing features such as glucose levels measured in
mg/dL obtained every 5 minutes with timestamps (minutes, hours, day and year) as well as

the type of diabetes, namely Type 1 and Type 2.

2.6.1 Why we use this dataset

This dataset was chosen due to its comprehensive nature in accurately capturing and
predicting glucose trends over time. Thanks to the detailed timestamps, we are able to
perform precise temporal analysis, which is critical for understanding daily and long-term
fluctuations in glucose levels. The use of type 1 and type 2 diabetes data allows the
development of robust models that are applicable across different patient groups, and in the
future, more data will be added such as insulin, food intake, and any data relevant to the

glucose trend to improve the accuracy of the prediction.

2.6.2 Future use of patient data

In the future, patient data will be used to improve the accuracy and reliability of
predictive models for glucose prediction and validation. Furthermore, this data will support
the development of personalized treatment plans and real-time monitoring systems. This will

help patients manage their diabetes more effectively and proactively.

2.7 Discussion of Model Evaluation Results

We experimented with several machine learning and deep learning models to predict

blood glucose values.

Based on a training dataset that contains a set of features such as: Continuous glucose

monitoring data obtained every 5 minutes.

34



Based on the results shown in the table below, among these models, BILSTM stands
out with the lowest root mean square error (RMSE) of 0.0857, indicating superior predictive
accuracy compared to other models, i.e. it produces the lowest average prediction errors. This
makes it the best choice if minimizing prediction errors is the key, closely followed by LSTM
and SVR, with equal RMSE values, while RNN indicates less accurate predictions overall. It
also has the highest R? and correlation scores, indicating that it explains the greatest amount
of variance in the data and has the strongest linear relationship between predictions and actual

values.

However, for predicting glucose levels, accuracy and consistency are critical, so
RSME will be the basis for our selection given the importance of minimizing prediction
errors in healthcare applications such as CGM: BiLSTM was chosen as the best model for

predicting glucose levels.

Tableau 1 — Model Evaluation Results

Models RSME R> MRE Correlation

BiLSTM 0.0857 0.677 0.365 0.832

LSTM 0.0877 0.679 0.363 0.835

SVR 0.0876 0.675 0.122 0.834

RNN 0.0882 0.694 0.365 0.842
Conclusion

In conclusion, in this chapter we highlighted how artificial intelligence can greatly
improve healthcare, especially in continuous glucose monitoring. We touched on the basic

concepts of artificial intelligence, including machine learning, deep learning, and the
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evaluation metrics used, where we found that BILSTM networks showed their superiority in
capturing the past and future context compared to other traditional models such as SVR and

RNN achieving accurate results in terms of glucose level predictions.
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Chapitre 3

System design

3.1 Introduction

In this chapter, we will present the design of our system using UML modeling
including use case diagrams, class diagram, and sequence diagrams to better understand the
operations of the system, its components and its relationships, which will provide a more

accurate picture of our application.

3.2 General use case diagram

The following figure 3.1 represent the general use case diagram of our application

from the user's point of view :
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Figure 3.1 - Diagram of use cases associated with user.
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3.3 Diagramme de classe

The following figure 3.2 represents the class diagram of our application which

relationship between these classes:

expresses in a general way the static structure of our system, in terms of class and the
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N passWord - string e ———— % nredic?jon__time date + plotPaint() T ; +fime - date
- profile_picture : slrjng 1 + prediction_glucose alert() : + draw()
- type_diabetes : string + alertUser()
+device_name ; string
+ sexe(male, female) : string
+ target_range(high low) : float Selects
+ sound_mode(vibrate sound) : string .
+ shareData() 1
+ downloadData() Type diabetes
+ connect() :
+ disconnect() +1d_type @ inte...
+ editProfile() +1type name: .
+ getType()
Type 2 Type 1 Other

Figure 3.2 - Class Diagram.
3.4 Sequence diagram

In the following section, we present the sequence diagrams of our application :
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3.4.1 Sequence diagram « Authentication »

Figure 3.3 below represents the Authentication sequence diagram:

| Launch the system

P

display the authentication form ‘

[Each Authentication]
Enter the information (Email and password)

.

Click on "Login" button n

B Checking for input errors

[Incorrect input] display an error message

[else]

sending data [

authentication verification

F

[Incorrect email or password]

Access failed Incorrect Email or Password

|Correct email or password]

Authorized access Corecct Email and Password

Figure 3.3 - Authentication Sequence Diagram.
Title: authenticate.

Summary: a username and a password are required to login.
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Actors: user (patient).

Precondition: the user can access the application only if it is authenticated, in order to ensure

the confidentiality and integrity of the data.
Post conditions: the user is authenticated, so access to the interfaces is authorized.
Nominal scenario:

1. The user launches the application.

D

The system displays the “login form” interface.

3. The user must fill out the form with his email and password, then he clicks on

the «login» button.
4. The system performs a check on the input fields.
5. The system checks the validity of the account.
6. Successful authentication, the user can start using our application.
Alternative scenario:
The alternative scenario can happen starting from step 3 of the nominal scenario.

1) Authentication error: when the user enters invalid contact information, he will have an

authentication failure and the access to the application will be denied.

2) Empty mandatory field: the connection fails if the user leaves one of the fields empty;

the system displays an error message accordingly.

3) Incorrect nature of the fields entered: the system signals an error if the information

entered doesn’t match the expected type.
- The scenario goes back to step 3 of the nominal scenario if one of these problems is

encountered.

3.4.2 Sequence diagram « Registration »

Figure 2.4 below, shows the registration sequence diagram:

41



T Open App :
Display login page —‘ ‘

< 1
Click on Sign up

Display Sign-Up page l ‘

ok - . -

Enter User information (First Name, Last Name
and Birthday ) Checking for input errors

[DataBase -

[Input errors = tr

display an error message

[else]

Click Next button()

display the Continue registration page

Select the gender and type of glucose D
Click Next button()
display the Continue registration page J
- - L
Enter User information (Email, Password and Checking for input errors
Confinm password )
[Input errors = true] e o
display an error message |:|
<<
[else]
Click on Sinup buttan() i Check if email exists in database -U:"ei"jm'on
[Email exsts]
Sign up failed (email already in use) H email already in use

[Email does not exist]

3 Checking if email is real

[Email

is real]
Send email verfication message()

open the ink confiramition Get the token from the hnk()

Sign up failed (invahd email} []

[(nvsiict toisen] display an error message |_| link is invalid or has expired
[valid Token ]
Sign up successiul Register user successfully {] Register user
[Email is not real]

Check the valdity of the token

figure 3.4 — Sequence diagram Registration.
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Title: user registration.
Actors: user (patient).
Pre conditions: user unregistered previously.

Post conditions: a new user will be added.

Nominal scenario:

1. The user launches the application.

2. The system displays the "login form" interface and then clicks on the "Sign up" button.
3. The system displays the “sign up form” interface.

4. The user enters the First name, last name and date of birth in the sign up form and then

clicks on the «Next» button.
5. The system performs a check on the input fields.
6. The system displays the completion of the registration form.
7. The user chooses his type of glucose and his genre and then clicks on the «Next» button.
8. Once again, the system displays the completion of the registration form.

9.  The user fills in the form with the email, password and confirms the password then

clicks on the «Sign up» button.
10. The system checks the validity of the data.

Note 1: the system sends a confirmation email containing a unique link to the email address
provided by the user. The user must click on this link to verify and activate his account, thus

confirming that the email address is valid and accessible.

Note2: the system displays an error message if it finds that the user who registered has the

same email as another one that is in the user database, in this case the user should just login.
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Note3: if the token is expired or invalid an error message is displayed to inform the user that

the confirmation link is expired or invalid then he must request a new confirmation link.
11. The system displays a user registration confirmation message.

12. Authorized access, the system displays the "Home" interface.

Alternative scenario :

1) Empty mandatory field :

- The sequence starts at point 5.

- The system signals the existence of empty mandatory fields (error message).
- The system returns to the form already filled out.
- The scenario returns at point 4.

2) Incorrect nature of the fields entered :

- The sequence starts at point 5.

- The system signals an error of the entered fields.
- The scenario returns at point 4.

3) User already exists :

- The sequence starts at point 10.

- The system displays an error message indicating that the user already exists(previously

registered with the same email)

- The system asks the user to make the login authentication because the user is already

registered in the application.
4) Link invalid or expired :
- The sequence starts at point 10.

- Token is invalid (for example, expired, already used, or incorrect).
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- The system displays an error message indicating that the link is invalid or has expired.

- The system offers the user to request a new confirmation link.

3.4.3 Sequence diagram « Edit profile »

Figure 3.5 below, represent the edit profile sequence diagram

Authentication

Navigate to profile page

Display profile page

Click on "Edit Profile" button

Display edit profile page

Enter new Firstname, last name, birth
day or gender

i  Checking for input errors

o=

errors=true]

display an error message

[else]

Click "Save All' button

send updates information

Profile info updated successfully

information saved

Save updates

[Modify profile picture]

Take a photo or select one from library

send picture

Show updated profile picture

'Save update profile picture

Profile picture updated successfully

]

Figure 3.5 — Sequence diagram Edit profile
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Title: edit user profile information.

Summary: the user can modify his first name, last name, birthday or profile picture at any

time.
Actors: user.
Pre conditions: user already logged in (authenticated).

Post conditions: modified user information.

Nominal scenario:

1. The user launches the application.

2. The system displays the “login form” interface.

3. The user enters the email and the password in the login form.
4. The system checks the validity of the data.

5. Authorized access, the system displays the "Home" interface.
6. The user navigates to the“profile” page.

7. The system displays the “profile” page.

8.  The user clicks on the «Edit Profile» button.

9. The system displays the “edit profile form” interface.

10. The user fills out the form and then clicks on the «Save all» button.
11. The system performs a check on the input fields.

Note 1 : upon the user accessing the form, the system displays the previous values in the
fields, allowing the user to see and modify the existing data. If no data is changed, the system

displays a message indicating that the user has not made any changes.

Note 2 : the user has to change at least one field before saving the modification.
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Note 3: the user must click save all to apply the changes to the last name, first name,

gender and date of birth.

Important note: edits to the profile picture are saved automatically without the need to click

on the "Save all" button.

12. The user can edit his profile picture by either taking a picture or choosing a picture from

the phone album.

13. The system saves the changes and then displays a message confirming the success of the

modifications.

Alternative scenario :

1) Authentication error: invalid login details, so access to the application is denied, the

scenario returns at point 3.
2) Empty mandatory field:
- The sequence starts at point 11.
- The system informs that all fields are empty (error message).
- The system returns to the form.
- The scenario returns at point 10.
3) incorrect nature of the fields entered:
- The sequence starts at point 11.
- The system signals an error of the entered fields.

- The scenario returns at point 10.

3.4.4 Sequence diagram « Change password »

The following figure 3.6 represents the change password sequence diagram.
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Authentication

MNawvigate to profile page

Display profile page

Click on "Setting” button

Display setting page

Click on "Change password" button

Display change password page

Enter Current password, New password -
and Confirm new password J :l Checking for input erors

[input error= true]

display an error message i|

I
el Click on "Change password" button

send password change information [:l Verify current password

[Invalid current password ]

Failed to change password
{Incorrect current password)

I

Invalid current password q

==

[else]

Update password

Password changed successfully

=

'| Password updated successfully {

Figure 3.6 — Sequence diagram Change password
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Title: change password.

Summary: the user can modify his password at any time.

Actors: user.

Pre conditions: user already logged in (authenticated).

Post conditions: modified user password.

Nominal scenario:

1.

2.

10.

1.

12.

13.

14.

15.

The user launches the application.

The system displays the “login form" interface.

The user enters the email and the password in the login form.
The system performs a check on the input fields.

The system checks the validity of the data.

Authorized access, the system displays the "Home" interface.
The user navigates to the”profile” page.

The system displays the “profile” page.

The user clicks the «Setting» button.

The system displays the “setting " page.

The user clicks on the «Change password» button.

The system displays the “Change password form" interface.

The user fills in the form with the current password, new password and confirms the

password, then clicks on the «Change password» button.
The system performs a check on the input fields.

The system checks the validity of the data.
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16. The system saves the changes and then displays a message confirming the success of the

password modification.
Alternative scenario :
1) Authentication error:

- Invalid contact details, so access to the application is denied, the scenario returns

to point 3.
2) Empty mandatory field:
- The sequence starts at point 4 and 14.
- The system signals the existence of empty mandatory fields (error message).
- The system returns to the form already filled out.
- The scenario returns at point 3 and 13.
3) Incorrect nature of the fields entered:
- The sequence starts at point 4 and 14.
- The system signals an error of the entered fields.
- The scenario returns at point 3 and 13.
4) Incorrect current password :
- The sequence starts at point 15.
- The system signals that the entered current password is wrong (invalid password).
- The scenario returns at point 13.
5) New password and confirm password don't match :
- The sequence starts at point 14.

- The system displays an error message indicating that the new passwords and

the confirmation password do not match.

- The scenario returns at point 13.
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3.4.5 Diagramme de séquence « Forgot password »

The following Figure 3.7 represents the forgot password sequence diagram.

User: Open App DataBase :

P

Display login page

Click on "Forget password" button

Display forgret password page

Enter e-mail associated with account

- checking for input errors
Click on "Reset password" button

[input errors= true] )
display an error message

[else]
Checking if email

[ is real and exist

[email is not real || does not exist]

no password reset message is
received on email box U

[else]
Send email to reset password()

Click on reset password link

Display link page

Enter new passwaord :l Checking for input errors
Click on "Save" button Send password changes
= - Save changes
password reset success Fassword changed successiully :l

Figure 3.7 - Sequence diagram forgot password.
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Titre: forgot password.

Acteurs: user.

Pré conditions: user already registered in the application with a valid email address.
Post conditions: user's password successfully updated

Scénario nominale:

1. The user launches the application.

2. The system displays the “login form" interface.

3. The user clicks on the «Forget password» button.

4. The system displays the “Forget password form" interface.

5. The user enters the email address associated with their account then clicks on the «Reset

password» button.
6. The system performs a check on the input fields and checks the validity of the data.
7. The application sends a reset password email.
8. Theuser clicks on the reset password link in the email.
9. The user enters the new password in the reset form then clicks on the «Save» button.
10. The system performs a check on the input fields.

11. The new password is validated, The system displays a password reset confirmation

message.

Alternative scenario:

1) Empty mandatory field:

- The sequence starts at points 6 and 10.

- The system signals the existence of empty mandatory fields (error message).

- The system returns to the form already filled out.
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- The scenario returns at point 5 and 9.

2) Incorrect nature of the fields entered:

- The sequence starts at points 6 and 10.

- The system signals an error of the entered fields.

- The scenario returns at point 5 and 9.

3) Link invalid or expired :

- The sequence starts at point 8.

- Link is invalid (for example, expired, already used or incorrect).

- The system displays an error message indicating that the link is invalid or has expired.

- The system offers the user to request a new restoration link.

3.4.6 Sequence diagram « Change email »

The following figure 3.8 represents the change email sequence diagram
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Authentication

Navigate to profile page

Display profile page

Click on "Setting” button

Display setting page

Click on "Change email” button

Display change e-mail page

Enter Current email, New email and
Confirm new email

_ Checking for input errors

]

[input error= true]

display an error message

[else]

Click on "Change email” button

[‘ Checking if email is valid

Send email confirmation message()

[email invalid] !
NO confirmation message for change of email is ser%wt
Change email failed H
[else]

open the link confiramtion

Email changed successfully

Send updates the email address

email updated successfully

Save changes

Figure 3.8 - Sequence diagram change email

Title: change email.
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Summary: the user can modify his email at any time as he wishes.
Actors: user.

Pre conditions: user already logged in (authenticated).

Post conditions: user email changed successfully..

Nominal scenario:

1. The user launches the application.

2. The system displays the “login form" interface.

3. The user enters the email and the password in the login form.
4. The system performs a check on the input fields.

5. The system checks the validity of the data.

6. Authorized access, the system displays the "Home" interface.
7. The user navigates to the”’profile” page.

8. The system displays the “profile” page.

9. The user clicks on the «Setting» button.

10. The system displays the “setting " page.

11. The user clicks on the «Change email» button.

12. The system displays the “Change email form" interface.

13. The user fills in the form with the current email, new email and confirms the email, then

clicks on the «Change email» button.

Note: if the confirmation e-mail is not validated or is not received at the new email, the user's

email address remains unchanged.
14. The system performs a check on the input fields.

15. The system checks the validity of the data.
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16. The application sends a confirmation email to the new email address provided by the

user.
17. The user clicks on the confirmation link to validate the change.

18. The system updates the user's email address, and displays a confirmation success

message.
Alternative scenario :
1) Authentication error:

-Invalid contact details, so access to the application is denied, the scenario returns at

point 3.

2) Empty mandatory field:

- The sequence starts at point 4 and 14 .

- The system signals the existence of empty mandatory fields (error message).
- The system returns to the form already filled out.

- The scenario returns at point 3 and 13.

3) Incorrect nature of the fields entered:

- The sequence starts at point 4 and 14.

- The system signals an error of the entered fields.

-The scenario returns at point 3 and 13.

4) Invalid new email :

- The sequence starts at point 15.

- The system displays an error message, the email address remains unchanged.
-The scenario returns at point 13.

5) New email and confirm email don't match :

- The sequence starts at point 14.
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- The system displays an error message indicating that the new email and the confirmation
email do not match.

- The scenario returns at point 13.

3.4.7 Sequence diagram « Update glucose data »

The following figure 3.9 represents the update glucose data sequence diagram

CGM device : Application :

Authentication

[All the time] Activate Bleutooth

b

[~

etooth actif J

request for connection with
CGMsensor.

connection with sensor
successfully
H Sending glucose data i Verifying glucose level

Send nofification (urgent
high glucose)

[If glucose > urgent high]

[if glucose < urgent low ]

Send notification (urgent low
dlucose)

Display of current glucose value

Display of prédicted glucose data ™

i sends the glucose data q:‘ Save data

Figure 3.9 - Sequence diagram update glucose data.
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Title: update glucose data.

Actors: user.

Pre conditions: user is already registered in the application with a valid email address and

connected with Bluetooth.

Post conditions: successfully sending data from the sensor to the application.

Nominal scenario:

1.

2.

6.

User already authenticated.

The user activates Bluetooth on his device.

The application automatically searches and connects to the CGM sensor via Bluetooth.
The CGM sensor sends the glucose data to the application every 5 minutes.

The application regularly checks the glucose levels against the thresholds defined by the

user.

The system checks Glucose Levels and sends notifications.

Note: The application checks the glucose levels to determine if they are outside the normal

range defined by the user and here are two types of notifications here :

7.

8.

Low Urgent glucose notification: if the glucose level is lower than the defined urgent

low target , the application sends a notification to warn the user that the glucose is low.

High Urgent glucose notification:if the glucose level is higher than the defined urgent

high target , the application sends a notification to warn the user that the glucose is high.
The system displays the current glucose value.

The system displays the predicted glucose data.

Alternative scenario:

1) Authentication error:

- Invalid contact details, so access to the application is denied.
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2) Sensor Connection problem :

- If the connection fails for any reason, the application displays an error message
indicating that the connection to the CGM sensor has failed and prompts the user to

try again.

3.5 Conclusion

In this chapter we have presented the conceptual architecture of our application using
the object-oriented approach, and this with the help of the various modeling tools of the UML

language.

In the next chapter we will present the implementation phase of our application as

well as the development tools that we used.
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Chapitre 4

Conception and implementation

4.1 Introduction

In this last chapter, we will present the development environment as well as the tools
that were used to create our application, and we will end with the presentation of the main

user interfaces.
4.2 Development environment

4.2.1 Material environment
In our development we used a laptop with the following configuration:

A DELL Machine, Intel(R) Core(TM) 15-8250 U CPU @ 1.60GHz 1.80 GHz, a
Random Access Memory (RAM) of 16.0 GB with Windows 10 Professional Experience Pack.

An HP ProBook Machine, 11th Gen Intel(R) Core(TM) i5-1135G7 @ 2.40GHz 2.42
GHz, a Random Access Memory (RAM) of 16.0 GB with Windows 11 Professional Feature

Experience Pack.

An ASUS ZenBook ,Intel(R) Core(TM) i5-1035G4 CPU @ 1.10GHz 1.50 GHz a
Random Access Memory (RAM) of 8.0 GB with Windows 11 Professional Feature

Experience Pack.
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4.2.2 Software environment

During the development of our application, we used the softwares/tools mentioned

below:
% The JAVA language

Java is an object-oriented programming language developed by Sun Microsystems, a
company best known for its high-end Unix workstations. Modeled after C++, the Java
language was designed to be small, simple, and portable across platforms and operating

systems, both at the source and at the binary level.[24]

— ¢

s el —
‘____—-—/

Java

Figure 4.1 - Java logo.

« The Python language

Python has become the lingua franca for many data science applications. It combines
the power of general-purpose programming languages with the ease of use of domain-specific
scripting languages like MATLAB or R. Python has libraries for data loading, visualization,
statistics, natural language processing, image processing, and more. This vast toolbox

provides data scientists with a large array of general- and special-purpose functionality.

One of the main advantages of using Python is the ability to interact directly with the

code, using a terminal or other tools like the Jupyter Notebook, which we’ll look at shortly.
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Machine learning and data analysis are fundamentally iterative processes, in which the data
drives the analysis. It is essential for these processes to have tools that allow quick iteration

and easy interaction.

As a general-purpose programming language, Python also allows for the creation of

complex graphical user interfaces (GUIs) and web services, and for integration into existing

systems. [25]

nython

Figure 4.2 - Python logo.

% Fire Base

Firebase is not just a database but a set of tools; it is often called a back-end-as-a-

service (BaaS). Firebase contains a variety of services, as listed here:
® Authentication: User login and identity

® Recal-time database: Real-time, cloud-hosted, NoSQL database
® C(Cloud Firestore: Real-time, cloud-hosted, NoSQL database

® (loud storage: Massively scalable file storage

® C(loud functions: Serverless, event-driven back-end functions

® Firebase hosting: Global web hosting

® ML Kit: An SDK for common machine learning tasks
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Firebase makes it easy for front-end developers to integrate a back end into their
application, without creating any API routes and other back-end code. Figure 4.3 shows an
example of a traditional web app, which does API requests to the server from the client apps.
The rest of the code is handled by the server. As you can see in Figure 4.3, Firebase
eliminates the back-end work, and you communicate directly with Firebase, hosted on the

Google platform with an SDK. [26]

Traditional ._
.Ij:l pr———— iy
HTTP API \
Client apps Your
servers ‘

Firebase

ng~

ED SDK

Client apps

o

Figure 4.3 - Firebase.

% Git et GitHub

1) Git

Git is a technology that can be used to track changes to a project and to help multiple
people to collaborate on a project. At a basic level, a project version controlled by Git
consists of a folder with files in it, and Git tracks the changes that are made to the files in the
project. This allows you to save different versions of the work you’re doing which is why Git

is called a version control system. [27]
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git

Figure 4.4 - Git logo

2) GitHub

GitHub creates an environment that allows you to store your code on a remote server,
gives you the ability to share your code with other people, and makes it easy for more than
one person to add, modify, or delete code to the same file and project, while keeping one

source of truth for that file. [28]

GitHub

Figure 4.5 - GitHub logo

< Android studio

Android is the world’s most popular mobile platform. At last count, there were over

three billion active Android devices worldwide, and that number is still growing.

Android devices come in all shapes and sizes including, but not limited to, the
following types of devices such as smartphones, tablets, e-reader devices, internet TVs,

Automobiles, smartwatches, etc. [29]
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The main advantage to adopting Android is that it offers a unified approach to
application development. Developers need only develop for Android in general, and their
applications should be able to run on numerous different devices, as long as the devices are
powered using Android. In the world of smartphones, applications are the most important

part of the success chain. [30]

Android devices come in all shapes and sizes including, but not limited to, the
following types of devices such as smartphones, tablets, e-reader devices, internet TVs,

Automobiles, smartwatches, etc. [30]

android
studio

Figure 4.6 - Android studio logo

< Anaconda

Anaconda is a distribution of the Python and R programming languages for scientific
computing that aims to simplify package management and deployment. The distribution

includes data-science packages suitable for Windows, Linux, and macOS.
Anaconda® Distribution is a free Python/R data science distribution that contains:
® conda: a package and environment manager for your command line interface

® Anaconda Navigator: a desktop application built on conda, with options to launch other

development applications from your managed environments

® 250 automatically-installed packages that work well together out of the box
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® Access to the Anaconda Public Repository, with 8000 open-source data science and

machine learning packages

Anaconda Distribution is free, easy to install, and offers free community support. [33]

ANACONDA

Figure 4.7 - Anaconda logo

< Jupyter Notebook

The Jupyter Notebook is a browser-based graphical interface to the IPython shell, and
builds on it a rich set of dynamic display capabilities. As well as executing Python/IPython
statements. Notebooks allow the user to include formatted text, static and dynamic
visualizations, mathematical equations, JavaScript widgets, and much more. Furthermore,
these documents can be saved in a way that lets other people open them and execute the code

on their own systems. [31]

Though you’ll view and edit Jupyter notebooks through your web browser window,

they must connect to a running Python process in order to execute code. [31]
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jupyter

Figure 4.8 - Jupyter notebook logo

< Modelio

Modelio is a modeling solution offering a wide range of functionality based on
commonly used standards for Enterprise Architecture, Process Modeling, Software

Development, and Systems Engineering.

Written for developers, analysts, and software and systems architects, Modelio is first
and foremost a modeling environment, supporting a wide range of models and diagrams and
providing many services facilitating the modeling of your architectures, such as model
consistency-checking. Support for modeling and business processes (BPMN) is also
integrated into Modelio. These BPMN models can be linked to other standards supported by
the tool, for example UML, so as to integrate these business processes into a larger context

such as an enterprise architecture. [34]
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Figure 4.9 - Modelio logo

% Figma

Figma design is for people to create, share, and test designs for websites, mobile apps,
and other digital products and experiences. It is a popular tool for designers, product
managers, writers and developers and helps anyone involved in the design process contribute,

give feedback, and make better decisions, faster.

Figma design files are powerful, collaborative environments where you turn your
ideas into responsive and interactive designs. They're useful for creating and maintaining

artifacts and assets, where detail and precision are of the utmost importance. [35]

Figure 4.10 - Figma logo
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< Adobe illustrator

Adobe® Illustrator® is the industry-standard illustration application for print,
multimedia, and online graphics. Whether you are a designer or a technical illustrator
producing artwork for print publishing, an artist producing multimedia graphics, or a creator
of web pages or online content, Adobe Illustrator offers you the tools you need to get

professional-quality results. [32]

Figure 4.11 - Adobe illustrator logo

4.3 Utilizing Firebase services in our application

In our app, we use firebase to boost our backend capabilities. Here, we'll explore the
firebase services we've employed and how they enhance the functionality and reliability of

our application.

4.3.1 Firebase Authentication

Our application uses firebase authentication to ensure secure user login and identity

management. Below, we showcase an illustrative screenshot of our user database:
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Users

Sign-in method

Templates

Usage

Settings % Extensions

Q. Ssearch by email address, phone number, or user UID

Identifier

amanibdj@gmail.com

med-hitman@hotmail.c..

mder455@gmail.com

amanibelkacem2022@...

bounourinadjet5@gmai...

derdour.amira44@gmai...

Providers Created Signed In

May 20, 2024 May 20, 2024
May 20, 2024 May 20, 2024
May 15, 2024 May 15, 2024
May 15, 2024 May 22, 2024
May 13, 2024 May 13,2024
May 5, 2024 May 15, 2024

Rows per page:

Add user

User UID

EljDiuQvD7g9CqRr1jEATfj607193

NTu77euEkaeB8YZucoYIsYms6..

0OManICb7aNUYyc36HG26CZH...
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46fvyNWJBgRKbSDT4DZ7mZ...

ho4E90SEr1RKZSYCFBAYYNS..

50 - 1-60f6

Figure 4.12 - Firebase authentication.

4.3.2 Firebase Real-time Database:

We employ a firebase realtime database to guarantee seamless, real-time

data synchronization throughout our app.

Realtime Database

Data Rules

Backups

Usage

¥ Extensions

a Protect your Realtime Database resources from abuse, such as billing fraud or phishing

GD  https://cgm-app-56737-default-rtdb.firebaseio.com

> 46fvyNWJBqRKbSDT4DZ7mZ6Rge73

L 7xPwgbqlEgcUav7MgnE7arT2Xho

DateOfBirth: "15/1/2016"

DiabetesType: "Type 1"

FirstName: "amani"

Gender: "Male" @

LastName: "belkacem”

b generatedData

> 2024-085-23

»

13

-Nyab9fEhpnd8Qa90YxN
-NyacItWSCU51IWdm9Sm

Configure App Check X

<>

Figure 4.13 - Firebase realtime database.
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4.4 Implementation of the application
In this section we will present the different graphical interfaces of our application.

4.4.1 Launch interface

Once the application is launched, this interface appears with the logo and the name of

the application. Figure 4.14 below shows the launch window.

Figure 4.14 - Launch interface
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4.4.2 Authentication interface

This interface allows users to authenticate by entering their email and password. A
"Forgot password" button is available in case of forgetting. Figure 4.15 shows the connection

window.

Welcome Back

Login to access your account

Password

Figure 4.15 - login interface

4.4.3 Registration interface

If the user does not have an account, they will be directed to the account creation page
by pressing the "Sign Up" button from the login page. He will then be able to create an

account by following the instructions on the form.

The user will enter their last name, first name, choose their gender and type of
diabetes, and then enter their email and password. The password must contain at least seven

characters or digits.

Figure 4.16 shows the registration windows, which consist of multiple pages.
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Get started
R Get started

Sign up 1o have an aceount

Get started

Sign up to have an account

First name

Last name

Password

¥ Date birth

Confirm password

MNEXT

Figure 4.16 - Registration interfaces

4.4.4 Home interface

Once the user has been authenticated or registered, the home page appears represented

by Figure 4.17.
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Last update 200

15/03/2024 08:14 g

Q

Oops! Too High Remainder

200 mg/ldi Left 3 days

Daily Clucose
5 mgfdl
2 amos

>
= k/—uk

maldL

Figure 4.17 - Home page interface

4.4.5 Prediction interface

The prediction page contains information about the expected glucose values in the

next hour. and it's shown in the figure below:
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941

glucose forecast
Your glucose is likely to rise
too high in the next hour

Predicted Glucose

Figure 4.18 - Prediction interface

4.4.6 Profile interface

Figure 4.19 shows the profile interface , which, in turn, contains pages with all the

information associated with the user.
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,

Amira Derdour

derdouramirad4@gmail.com

Edit profil

LOGOUT

Figure 4.19 - Profile interface

4.4.7 Edit profile interface

To access the edit profile page, users can click on the "edit profile" button displayed
on the profile page (refer to figure 4.19). Figure 4.20 represents the appearance of the edit
profile page, where the user can fill out the form in order to modify his first name or last
name, date of birth, and gender. Additionally, users have the option to take a profile picture

or choose one from their phone library.
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941 atl ?“

£ Edit Profile

Amira der

nadam@gmail.com

A 10/10/2001

Female ~

—E

Figure 4.20 - Edit profile interface

4.4.8 Setting interface

The Settings page is accessible by clicking on the "Settings" button found on the
profile page (refer to figure 4.19). Within the settings page, users have the option to modify

their diabetes type, password, email, and target glucose range.

To update their email address or password, users can simply click on either 'change email'
or 'change password'. Clicking on these options will redirect them to separate pages. The

subsequent figures illustrate these pages.
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£ Setting < Setting

Personnels Details Personnels Details

Change Password Change Password

Change email adress Change email adress

Blood glucose target Blood glucose target

Blood type: Type 2

Enter Blood Glucose Targets
Max Glucose Target

Min Glucose Target

. T
s

Profile

Figure 4.21 - Settings interface

< Change password
Create your new password to login
Current Password

Your current password
New Password

Your new passwcrd
Confirm Password

Confirm Password

CHANGE PASSWORD

Figure 4.22 - Change password interface
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< Change email

Create your new email to login

Current email address

Your current email

New Email Address

Your new email

Confirm Email Address

Confirm email

Figure 4.23 - Change email interface

4.4.9 Notification Interface

To access the Notifications page, users can click on the "Notifications" button

displayed on the profile page (See Figure 4.19).

The Notifications page is illustrated in figure 4.24. In our application, there are four

types of notifications:

1. Low glucose alerts

2. High glucose alerts

3.  Glucose prediction alerts

4. Reminder alerts (sensor expiration).

5. Each type of notification has distinctive characteristics:

® Users have the option to toggle them on or off according to their preference.
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Users can customize the alarm tone associated with each notification by pressing the

"sound modes" button, and a page will appear where they can select the one they prefer.

Users can turn off a certain type of notifications and leave the others activated, as they

are independent of each other.

Users can see the glucose level for both urgent high and low glucose alerts, which can be

adjusted on the settings page as previously explained (refer to 4.21 setting interface).

Users can also set the time duration for the sensor expiration reminder notification to be
repeated, such as: sending a notification every 10 minutes to remind the user that the

sensor needs to be changed.

€ Notification

Low Glucose Alerts

Low
Always sound
Sound Modes
Urgent Low

FAll Rate

High Glucose Alerts

High

Always sound

Figure 4.24 - Notification interface
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4.4.10 Download data interface

Users can upload their data by clicking on the" download data" button . As shown in

the figure 4.25 below.

Amira Derdour
derdouramirad4@gmail.com

Figure 4.25 - Download data Interface

4.4.11 Sharing data Interface

Users can share data by clicking on the " sharing" button in profile page . As shown

in the figure 4.26 below.
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Amira Derdour

derdouramirad4@gmail.com

Edit profil

Sharing

Notification

Download Data

LOGOUT

Figure 4.26 — Sharing interface

4.5 Conclusion

In this chapter, we have presented our hardware and software working environment,
and we have briefly described the operation of our application by presenting these various

interfaces and the different treatments that each user can do.
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Conclusion Générale

In this thesis, we have presented the different stages in the design and production of

an app to continuously monitor blood glucose levels.

The main goal of our project was to facilitate the management of diabetes by
developing a customized app that contains only the functions that the user needs and is as

easy to use as possible.

The second most important goal was to provide a forecast for the next hour. The
predictive aspect of the app is a key asset in anticipating and preventing fluctuations in blood
sugar levels, providing users with peace of mind and a better quality of life. However, the
goals were many as we planned to pursue several development paths to improve and expand
Heipox's capabilities, including the integration of a dedicated module for physicians. This
module enables doctors to monitor their patients' data in real time, analyze blood glucose
trends and proactively intervene if necessary. This function facilitates close communication
between patient and doctor, promoting personalized and responsive care, as well as allowing
patients' data to be backed up and restored if necessary. In order to meet the user
requirements, we designed the system using UML formalism. For implementation, we used a
NO SQL database manager, the application was developed using the JAVA programming

language, and the predictor was developed using Python.

In short, the CGM device and Heipox app, with a module for physicians to be added
later, is the perfect solution to transform the way individuals monitor and manage their
diabetes. Through continuous innovation and strategic expansion, Heipox is paving the way
for a new era of healthcare, promising a healthier and safer future for diabetics and finally,
we hope that our project will be able to meet the ongoing needs and satisfy all the people who

will use it.
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