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اिऻڪٌۘ
۱ڍا لگڎم اܳފ٭؇ق، ۱ڍا ሒᇭ اܳٺگܹ٭ڎل۰. اܳިرڢ٭۰ ا৙৑َޙ۰݄ ڢ٭ިد ܳٺ༶؇وز اᆇᅪීෂ޶ اܳٺۜިل ިොຶ اৎ৊أ؇๤ཛྷة اܳݱۜ٭۰ ا৙৑َޙ۰݄ ۬౯౜ళ
اܳޚٴ྘ص، لݥ، اৎ৊ݠ اܳݱۜ٭۰: اৎ৊ٷޙ۰݁ި ሒᇭ أݿ؇ݿ٭۰ أޗݠاف ݿٺ۰ ߌߵًޔ ݁ٺႤၽ݁ܭ رᆇᅪ޶ ੆ျܭ "۰༲اܳݱ "ଫଊَاس ݁ٷݱ۰ ا๤དྷৎ৊وع

وا৕৑داري. ،ଫଊ௰௯௫ا ،ሒᇿاܳݱ٭ڎ ،ม฀اܳޚ اৎ৊ފ؇༟ڎ
ؕ݁ PHP ًܹ؞۰ اࠍ੅ܹڰ٭۰ اܳިاۏ۰۳ ނُ٭ڎت ۋ٭ت Monolithic Architectureاܳޚٴگ؇ت ۰ਃುఈఃٔ ྲྀྡྷ٭۰ وڣݑ اܳٷޙ؇م ّޚިߌߵ ቕቆ
ًݱ٭؞۰ REST API ଫଊ༟ اည৊ܝިَ؇ت ඔ൹ً اܳٺިاݬܭ لࡤࡲ .Java ًܹ؞۰ ا৙৑ࢾࣖروࢴࣖ ّޚٴ٭ݑ ޗُިرّ ྘ྲྀٷ݄؇ MySQL ਃಸ؇َ؇ت ڢ؇༟ڎة
ይዧݱ٭ڎܳ٭؇ت ۰ਃ಻وଫଐܳـܝ৕৑ا اܳިݬڰ؇ت إرݿ؇ل د؜ܾ ؕ݁ ،ඔ൹اܳފ؇ًگ ๮ཚݠగጻዧ ل۰ ا৙৑وܳި ஓ஄ٷں ذ܋٭۰ ࿭੗ݞ ً؋ܳ٭۰ اܳٷޙ؇م ଩ଃറണ೭ .JSON
ෛ੼ݱݱ۰ ુળොູ و༡ިܳ؇ت ،GSM ݁ިدم ً؇ݿٺ༱ڎام SMSو اܳٺޚٴ٭ݑ ଫଊ༟ ل۰ ڣިر إނأ؇رات لިڣݠ პაႰ ༱గጻዧ؇ߓߵ. اܳٺ༲؇ܳ٭ܭ وޗܹٴ؇ت

آ݁ٷ۰. ودردނ۰ ݁ٺگڎ۰݁، وᎂۋݱ؇ਃಮ؇ت اނଫଐاႤ၍ت وᎂدارة دور، ႟ၽܳ
ሒᇭ ا๤དྷৎ৊وع ܾ۱؇૭૏ ݁ލ۠أ۰. ༇຀؇ਐ಻ وأޖ۳ݠ ،Android 13 ਍ಸޙ؇م Pixel 3 ሒᆞ؇ො੼ আॻ༟ وޖ٭ڰ٭۰ ৖৑ۊٺٴ؇رات اܳٷޙ؇م ۊݯؕ
ًأڎ. ؜݆ واܳޚص ሒᇼ؇ݬޚٷ৖৑ا Ⴄ၍ᄳᄟႤ၍ء ݁ފٺگٴܹ٭۰ ܳٺޚިߌߵات أرݪ٭۰ ႟ၽ૰૏و ݁ٷۛڰݯ۰، ၯၽਐಸڰ۰ اܳݱ؞ଫଃة اܳأ٭؇دات رᆇᅪٷ۰

.۰ਃ಻وଫଐܳـܝ৕৑ا اܳިݬڰ؇ت ،ሒᆞᄳᄟا اৎ৊ިا؜٭ڎ ࿭੗ݞ ොේ޶، ݁أߺࠊ݁؇ت َޙ؇م اᆇᅪීෂ٭۰، ۰༲اܳݱ اिऻء׫ոؼמ١: اڤոஈ࿦࿮ت

Abstract
Contemporary healthcare systems are undergoing digital transformation to overcome the lim-
itations of traditional paper-based methods. In this context, this project presents "Nibras es-
iha", an integrated digital platform connecting six key actors within the healthcare ecosystem:
patient, doctor, medical assistant, pharmacist, laboratory, and administrator.

The system was developed following a three-tier monolithic architecture. The backend
was built using PHP with a MySQL database, while the Android application was developed
in Java. Communication between components is ensured through a REST API using JSON
format. The platform features a smart appointment booking mechanism that prioritizes re-
turning patients, supports electronic prescription transmission to pharmacies and test requests
to laboratories, and provides real-time notifications both in-app and via SMS using a GSM
modem. It also offers role-specific dashboards, subscription management (15-day free trial
followed by monthly/yearly plans), advanced analytics, and secure chat functionality.

The system was functionally tested on a Pixel 3 emulator running Android 13 (API 33)
and demonstrated promising results. This project contributes to the digitalization of small
clinics at low cost and provides a foundation for future enhancements such as artificial intel-
ligence and telemedicine.

Keywords: Digital health, health information system, smart appointment booking, electronic
prescriptions.
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Introduction

General Introduction

The healthcare sector in Algeria is undergoing a fundamental digital transformation, driven
by the increasing demand for efficient, accessible, and patient-centered services. Traditional
paper-based systems, which have long been the backbone of medical record keeping and ap-
pointment management in Algeria, are proving insufficient in addressing the growing com-
plexities of modern healthcare delivery. These conventional methods suffer from significant
limitations, including human error, time-consuming processes, high operational costs, and
fragmented communication between healthcare providers and patients. Consequently, there
is an urgent need for integrated digital platforms that can streamline healthcare operations
while ensuring data security and ease of access.

Recent technological advancements, particularly in cloud computing, mobile applications,
and web-based systems, have opened new possibilities for healthcare management. Elec-
tronic Health Records (EHRs), telemedicine platforms, and mobile health (mHealth) appli-
cations have emerged as powerful tools to enhance service quality, reduce waiting times, and
improve patient outcomes. However, many existing solutions remain either too expensive
for small and medium-sized clinics in Algeria, lack integration with local pharmacies and
laboratories, or fail to address the specific needs of the Algerian market.

• Key Research Aspects:

– Current state of digital healthcare management systems

– Critical challenges in patient-data interoperability

– Emerging needs for integrated pharmacy and laboratory connectivity

• Core Problems Identified:

– Fragmented communication between patients, doctors, and pharmacists

– Lack of real-time notification systems for appointment and prescription status

– Absence of smart priority-based appointment booking mechanisms

• Study Objectives:

1. Development of an integrated healthcare platform (Health Connect)
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2. Implementation of a smart priority-based booking system

3. Integration of pharmacy and laboratory services via REST API

• Methodological Framework:

– System analysis and requirement specification

– Prototype design using UML and C4 modeling

– Implementation and validation through practical testing

• Document Organization:

– Chapter One: Overview of Current Healthcare Management Systems

– Chapter Two: System Design

– Chapter Three: Implementation

– Chapter Four: Economic Feasibility Study, Business Model

This project, named Health Connect, aims to design and implement an integrated digital
healthcare platform that bridges the gap between patients, doctors, pharmacists, medical as-
sistants, laboratories, and administrators. The platform consists of two main components:
a mobile application for patients (developed using Java within Android Studio) and a web
platform for healthcare providers and administrators. Both components communicate via
RESTful APIs with a centralized backend server and MySQL database.

The platform implements a smart booking system with priority-based appointment con-
firmation, giving preference to returning patients while respecting maximum slot limits per
time period. Additionally, a database-driven notification system delivers real-time alerts for
appointment confirmations, prescription readiness, test result availability, and queue posi-
tion updates. The platform also supports SMS notifications via a GSM modem connected to
the local server, ensuring that patients receive critical alerts such as queue position updates
and prescription readiness even when they are not actively using the application. The system
also supports electronic prescription transmission to pharmacies, test request submission to
laboratories, and secure messaging between patients and providers.

Through this project, theoretical knowledge is combined with practical implementation
to provide a scalable, secure, and user-friendly healthcare management solution tailored to
the needs of emerging markets. The platform demonstrates how modern web and mobile
technologies can be effectively integrated to improve healthcare delivery, enhance commu-
nication, and reduce operational costs for small and medium-sized clinics.
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Chapter 1

Overview of Current Healthcare
Management Systems

1.1 Introduction

The healthcare sector is undergoing rapid digital transformation, with technology reshap-
ing medical service delivery and health institution administration. Electronic appointment
scheduling and digital health record systems have emerged as pivotal solutions, enhancing
service quality, operational efficiency, and communication between providers and patients.
However, the diversity of these systems raises questions about their effectiveness in meeting
real user needs, especially given the gaps between available solutions and emerging market
demands. This chapter examines the current state of electronic health systems, tracing their
evolution, categorizing different models, and analyzing prominent applications. It aims to
identify shortcomings within existing solutions and delineate the gap that the proposed Health
Connect project intends to bridge, establishing a theoretical foundation for subsequent design
and implementation phases.

1.2 ComprehensiveOverview ofContemporaryHealthcare
Management Systems

1.2.1 Traditional Paper-Based Systems

For decades, healthcare institutions relied almost exclusively on conventional paper-based
methods for data capture and workflow coordination. Patient registration involved manual
forms completed each visit, appointment scheduling was limited to telephone calls during
working hours or required physical presence, and medical records were stored as volumi-
nous paper files in institutional archives, demanding substantial and ever-expanding physical
space[1].
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The principal constraints of traditional systems include:

• Human Error Vulnerability: Manual data entry led to frequent inaccuracies, includ-
ing appointment duplication or missed cancellations. Deciphering handwritten pre-
scriptions posed serious risks of medication errors, and minor scheduling mistakes
could disrupt entire clinic workflows, causing long queues and patient frustration [1, 2].

• Temporal and Physical Demands: Locating patient files among thousands of doc-
uments consumed critical time, especially in emergencies. Information retrieval re-
quired extensive human effort, increasing operational costs and slowing workflows.
Processing referrals could take hours or days due to reliance on fax and paper corre-
spondence [1, 3].

• Financial Implications: Paper-based systems incurred significant costs for physical
storage, archival maintenance, and additional personnel. Dependence on fax and print-
ing consumed large quantities of supplies, markedly raising operational expenditures
[3, 4].

• Accessibility Constraints and Collaborative Limitations: Paper records confined to
single locations prevented simultaneous access bymultiple providers. Inter-institutional
record sharing was nearly impossible without complex, time-consuming procedures,
compromising care continuity [1].

• Security and Privacy Concerns: Paper documents were vulnerable to loss, damage
from fire or water, and deterioration over time. Protecting them from unauthorized
access or theft was challenging without digital safeguards [1, 4].

• Communication Deficiencies: Interdepartmental communication was often problem-
atic, causing delays and task overlap. The lack of centralized referral tracking led to
misplaced or delayed documentation [3].

1.2.2 Centralized Institutional Frameworks: HIS and EHR

As information technology advanced and demand for enhanced healthcare sector efficiency
intensified, centralized institutional systems emerged as comprehensive solutions designed
to transcend the limitations inherent in traditional approaches. These systems can be broadly
classified into two primary categories: Health Information Systems (HIS) and Electronic
Health Records (EHR) [4, 5].

Health Information Systems (HIS)

A Health Information System constitutes an integrated digital platform employed within
healthcare institutions to coordinate various medical, administrative, and financial operations
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within a unified environment. This infrastructure consolidates all essential software tools re-
quired by healthcare facilities, aiming to streamline daily processes and elevate operational
efficiency [4, 5].

Fundamental Characteristics of HIS:

• Data Centralization: The system consolidates all health information into a singular
unified repository, facilitating simplified access and cross-departmental sharing [5].

• Process Automation: It automates administrative and medical procedures, thereby
reducing manual intervention while minimizing human error incidence [5].

• Functional Integration: HIS integrates diverse institutional functions within a single
platform, encompassing patient registration, appointment scheduling, laboratory and
pharmacy administration, as well as invoicing and payment processing [5].

• Decision Support Capabilities: It generates analytical reports assisting management
in formulating informed decisions regarding resource allocation and performance op-
timization [5].

Electronic Health Records (EHR)

Electronic Health Records represent the digital equivalent of traditional paper-based med-
ical files. These records contain comprehensive information pertaining to patient medical
histories, including demographic data, clinical diagnoses, laboratory outcomes, pharmaceu-
tical prescriptions, and radiological imagery. By centralizing and aggregating health data,
EHRs enable access and analysis facilitating extraction of valuable insights contributing to
enhanced patient care quality[5].

Advantages of Centralized Institutional Systems:

• Care Quality Enhancement: These systems provide accurate, comprehensive patient
information in real-time, assisting in medical error reduction while improving diag-
nostic and therapeutic processes. Availability of complete medical histories to treating
physicians facilitates more precise clinical decision-making [4, 5].

• Operational Efficiency Improvement: Automation of administrative and medical
procedures accelerates workflow while reducing time expended on data retrieval or
manual entry, enabling medical personnel to concentrate on patient care activities [4].

• Rapid Information Accessibility: Digital systems enable real-time information re-
trieval, proving particularly critical during emergencies requiring swift clinical deci-
sions [1, 5].
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• Interdepartmental Coordination Enhancement: These systems improve communi-
cation between various institutional departments, reducing delays and minimizing task
duplication [4].

Financial Considerations for Centralized Systems:
These systems necessitate relatively substantial financial investments, particularly dur-

ing initial implementation phases. Associated costs encompass software license acquisi-
tion, hardware and infrastructure procurement including servers, computers, and networking
equipment, training expenses formedical and administrative personnel, ongoingmaintenance
and technical support, plus periodic system updates [1, 4].

Deployment Challenges for Small-Scale Facilities:
Small and medium-sized clinics face significant challenges when adopting centralized

institutional systems. High costs create barriers for facilities with limited budgets unable
to invest in technical infrastructure. System complexity requires specialized expertise often
unavailable in clinics lacking IT departments. Implementationmay encounter resistance from
staff accustomed to paper-based workflows, necessitating intensive training. Additionally,
clinics struggle with integration difficulties due to absent interoperability standards [1, 6].

1.2.3 Current Market Trends: Cloud and Mobile platforms

Recent years have witnessed fundamental transformation in healthcare systems markets to-
ward solutions grounded in cloud computing and platforms optimized for mobile devices.
This shift, propelled by converging technological, economic, and social factors, fundamen-
tally restructures global health service delivery mechanisms [6].

Cloud-Based Healthcare Solutions

Cloud-dependent solutions rely on storing, managing, and processing medical data and appli-
cations through secure cloud platforms rather than internal servers within healthcare institu-
tions. This model offers numerous advantages rendering it particularly appealing, especially
for small and medium-sized clinics [6].

Cloud Solution Benefits:

• Cost Reduction: Cloud solutions eliminate requirements for significant capital invest-
ments in server and hardware acquisition, adopting pay-as-you-go models facilitating
more effective budget management [6].

• Scalability: Cloud service scope can be readily expanded or contracted according to
healthcare institution requirements without substantial additional investment [6].
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• Flexibility: They enable data and application access from any location at any time,
supporting remote work models and geographically dispersed team collaboration [5].

• Continuous Updates: Service providers assume responsibility for software updating
and maintenance, ensuring healthcare institutions consistently benefit from latest fea-
tures and highest security standards [6].

Market Statistics:
Specialized reports indicate the global healthcare cloud computing market reached ap-

proximately $39.0 billion in 2022, with projections estimating growth to $91.3 billion by
2028, registering a compound annual growth rate of 15.0% . Furthermore, the Software-as-a-
Service (SaaS) healthcare market is experiencing accelerated expansion driven by increasing
demand for digital solutions [6, 7].

Mobile-First Healthcare Platforms

With widespread smartphone proliferation, mobile health applications (mHealth) have be-
come indispensable tools for health service delivery. These platforms provide enhanced user
experiences tailored for mobile devices, meeting modern patient expectations regarding ap-
pointment management and health records accessibility via smartphones [8, 9].

Mobile Platform Advantages:

• 24/7 Service Accessibility: They empower patients to book appointments and access
health information around the clock, beyond official working hours [8].

• EnhancedPatient Experience: They offer intuitive interfaces enabling seamless provider
interaction, automatic appointment reminders, and convenient test result monitoring
[8].

• Small Clinic Empowerment: These platforms enable small clinics to offer services
competitive with larger institutions at reasonable costs, thereby narrowing digital di-
vides among healthcare providers [9].

Market Statistics:
According to specialized reports, the Patient-Centric HealthcareApplicationsmarket reached

approximately $25.03 billion in 2025, projected to reach $239.87 billion by 2032, exhibiting
a compound annual growth rate of 38.11% [9].

Drivers of Cloud and Mobile Transformation:

• COVID-19Pandemic Impact: The pandemic accelerated remote care and telemedicine
service adoption, highlighting cloud solution importance in facilitating smooth patient
data exchange between health professionals and patients regardless of geographical
barriers [7, 9].
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• Cost Efficiency Demand: With global healthcare costs rising, institutions increas-
ingly adopt cloud solutions to optimize resource allocation and reduce infrastructure
expenditures [6].

• Widespread Smartphone Adoption: Increasing smartphone reliance, particularly in
developing nations, fuels demand for mobile health applications offering affordable
health services [9].

• Real-Time Data Requirements: Cloud and mobile systems provide access to precise,
updated information, supporting improved clinical and administrative decision-making
[4].

KeyMarket Participants: The healthcare cloud solutionsmarket encompasses numerous
major global corporations including Cerner Corporation, Allscripts, Athenahealth, and Epic
Systems Corporation, alongside technology giants such as Microsoft and Amazon (AWS)
providing specialized cloud infrastructure for the healthcare sector [7].As illustrated in Figure
1.1, key milestones of digital health evolution from 1989 to 2023:

Figure 1.1: Timeline of digital health milestones from 1989 to 2023, highlighting key events
such as the introduction of telemedicine, the enactment of HIPAA, the emergence of wearable
devices, and the integration of artificial intelligence into medical practice. (Source: The
Medical Futurist, 2023)
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1.3 Comparative Analysis of Similar and Competing Sys-
tems

1.3.1 Patient-Facing Applications Category

Patient-facing applications constitute the digital interface enabling users to interact with health-
care systems and access medical services with enhanced ease and flexibility. These appli-
cations vary between established international platforms and emerging local alternatives,
though they share fundamental objectives of improving patient experience while reducing
administrative friction [10].

International Examples:

Zocdoc: represents a pioneering digital platform for online medical appointment schedul-
ing, established to facilitate physician discovery and appointment booking through seamless,
reliable mechanisms [3].

Key features include:

- Guided Search functionality assisting patients in identifying appropriate care providers
based on unique requirements, covering over 250 specialties and more than 18,000 in-
surance plans [3].

- Ability to schedule both in-clinic and online appointments [3].

- Access to verified reviews from previous patients [3].

Primary advantages encompass comprehensive tool suites for patient management and
health records, alongside cloud-based architecture enabling universal accessibility with reg-
ular software updates and systematic maintenance. However, notable drawbacks include
absence of provider-network matching guarantees when utilizing health insurance, and geo-
graphical service limitation to specific countries [4].

MyChart: evolved as an integral component of Electronic Health Record (EHR) systems
developed by major healthcare institutions such as Epic Systems. It represents patient portals
enabling secure access to personal health information and care provider interaction [6, 8].

Principal features include:

- Laboratory result viewing and medical history access.

- Medication lists and previous visit summaries.

- Appointment scheduling and cancellation.
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- Secure medical team communication.

- Prescription renewal requests and electronic bill payment [6, 8].

Its strength derives from deep integration with patient electronic health records, provid-
ing comprehensive, unified health data perspectives, consistent user experiences across mo-
bile and web interfaces, and 24/7 availability . The primary weakness involves institutional
specificity, potentially requiring multiple portals for patients receiving care across different
facilities [6, 8].

Local Examples:

eTabib: is an Algerian e-health platform offering physician discovery, appointment booking,
and remote consultation services [3].

Key features include:

- Availability via website and mobile application.

- Over 5,000 Google Play downloads [3].

- More than 20,000 registered health specialists [3].

Its strength lies in local market orientation and mobile accessibility. However, it suffers
from interface simplicity, security concerns due to unsecured pages, limited physician fea-
tures, and inconsistent remote consultation availability .

eSiha (2019): provides online appointment booking, remote consultations, and electronic
medical file management through separate applications for patients and physicians [11].

Key features include:

- Patient app with over 50,000 downloads [11].

- 10,850 registered physicians and 77,000 patients [11].

- Approximately 4,000 daily connections [11].

It benefits from a large, growing user base and extensive coverage. However, it remains
heavily internet-dependent with potentially limited advanced features.

Beesiha (2020): offers online appointment booking and remote consultations via website
and mobile app [11].

Key features include:

- Over 10,000 Google Play downloads [11].
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- 800 registered health specialists [11].

Its strength is local emergence addressing Algerian needs, with growing user bases. How-
ever, physician numbers remain smaller than competitors like eSiha .

CabiSante: is a desktop-based solution for comprehensive medical practice administra-
tion, including queue management, payment processing, and accounting [4].

Key features include:

- User-friendly interfaces requiring no prior experience.

- Suitable for both small and large clinics.

- Excellent technical support.

However, its desktop-only architecture requires individual installation per client, lacks
automatic data backup, and operates without internet connectivity .

Common Feature Analysis

The aforementioned applications exhibit several shared characteristics constituting core ele-
ments of any patient-oriented application. Appointment scheduling represents fundamental
service across all platforms, though implementation details vary considerably. While Zocdoc
offers real-time availability displays with immediate booking confirmation, other applica-
tions may merely submit requests requiring subsequent confirmation. Prescription viewing
and electronic renewal requests constitute advanced features available in sophisticated appli-
cations like MyChart. Secure communication through encrypted channels between patients
and medical teams enhances condition monitoring while increasing patient satisfaction. Per-
sonal health records availability varies significantly, with MyChart offering complete elec-
tronic health record access while other applications provide only basic document storage
[10].

1.3.2 Clinic Management Platforms Category

Clinic management platforms represent the digital backbone of healthcare institutions, offer-
ing integrated solutions for daily operation organization, records management, appointment
scheduling, and invoice processing.

International Examples:

DrChrono

11



Chapter 1: Overview of Current Healthcare Management Systems

DrChrono is an integrated cloud platform combining Electronic Health Records (EHR),
appointment scheduling, billing, and Revenue Cycle Management (RCM) within a unified
system [4].

Key features include:

- Mobile-centric design optimized for Apple devices including iPad and iPhone [4].

- Over 20 templates for various medical specialties with form and shortcut customiza-
tion capabilities [4].

- Integrated video consultation features.

- Patient portals enabling online appointment scheduling and bill payment .

Strengths:

- Intuitive, user-friendly interfaces with extensive customization and integration op-
tions.

- Cost-effective integrated packages .

Weaknesses:

- Users occasionally report performance delays and software bugs.

- Slow customer service response times.

- Limited Android device support .

SimplePractice
SimplePractice represents an integrated practice management platform specifically de-

signed for mental health professionals, physical therapists, and holistic care providers .
Key features include:

- Tools encompassing scheduling, billing, payments, remote consultations, and insur-
ance claim management [5].

- Customizable clinical note and assessment templates [5].

- Robust Google Calendar, iCloud, and PayPal integration [5].

Strengths:

- Modern, user-friendly interfaces with high usability and value-for-money ratings .
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- Wide range of third-party integrations.

Weaknesses:

- Progressively increasing pricing as features are added.

- Certain basic functions available only in higher-tier plans.

- Invoice and superbill customization limitations [4].

Feature Analysis: Schedule Management, Health Records, and Billing

Both platforms offer advanced schedule management tools including real-time appointment
displays, automatic reminder transmission, and external calendar synchronization capabilities
[4, 5].

Regarding health records, DrChrono provides more comprehensive solutions with special-
ized templates for various medical specialties , whereas SimplePractice focuses on progress
notes and psychological assessments through customizable template libraries [5].

Both platforms maintain HIPAA compliance for health data protection [2, 5].
Concerning billing, DrChrono offers integrated invoicing systems with high clean claim

rates and optional Revenue CycleManagement services , while SimplePractice provides sim-
plified billing tools emphasizing online payments and invoices with insurance claimmanage-
ment capabilities [4, 5].

1.3.3 Integrated Services Category

Integrated services represent the next generation of health platforms transcending clinic bound-
aries to encompass broader service provider networks including pharmacies and laboratories,
adopting innovative revenue models redefining patient-provider relationships [3, 7].

Platforms Incorporating External Partners

Healthcare markets are witnessing transformation toward integrated ecosystems connecting
various sector participants to deliver seamless patient experiences . Pharmacy and laboratory
integration represents rapidly evolving territory, facilitating communication between care
providers and pharmacies ensuring patient treatment adherence while improving experiences
[7].

Adopted Revenue Models

Health platform revenuemodels vary considerably across themarket. The subscriptionmodel
predominates in clinic management platforms, with services like DrChrono and SimplePrac-
tice charging monthly or annual fees to healthcare providers for software and feature access .
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The commission model involves percentage-based fees on platform-mediated financial trans-
actions, while the freemiummodel represents an innovative approachwhere platforms remain
free for patients, generating revenue through premium subscriptions or in-app sponsorships
[7].

1.3.4 Comparative Table Determining Health Connect's Competitive
Position

Based on preceding analysis, the following table presents comparative assessment of various
systems to determine the competitive positioning of the Health Connect project.
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Table 1.1: Comparative analysis of healthcare management systems and Health Connect po-
sitioning

Criteria Zocdoc MyChart DrChrono SimplePractice eTabib eSiha CabiSante Health Connect
Target Audi-
ence

Patients Institution-
specific
patients

Small to
medium
clinics

Mental
health and
therapy
specialists

Patients and
physicians

Patients and
physicians

Clinics Patients,
physicians,
assistants

Primary Fea-
tures

Appointment
booking, re-
views,
insurance
integration

Health por-
tal, medical
records,
secure com-
munication,
bill payment

EHR,
scheduling,
billing, e-
prescriptions,
mobile app

Scheduling,
clinical doc-
umentation,
billing, pa-
tient portal,
remote con-
sultations

Appointment
booking,
remote con-
sultations,
physician
directory

Appointment
booking,
consul-
tations,
medical file
management

Clinic man-
agement
(desktop)

Appointment
booking,
medical
records,
internal
commu-
nication,
smart assis-
tant, phar-
macy/laboratory
integration

Revenue
Model

Free for
patients,
physician
payment

Institution-
included
services

Monthly
clinic sub-
scription

Tiered
monthly
subscription

Unspecified Unspecified Unspecified Patient
Freemium,
clinic
monthly
subscrip-
tion

Strengths Easy in-
terface,
extensive
database,
verified
reviews,
physician
verification

Deep EHR
integration,
comprehen-
sive data
view, con-
sistent user
experience

Flexibility,
strong cus-
tomization,
excellent
iOS mobile
app, billing
integration

User-
friendly,
modern
design, tem-
plate library,
good support

Local plat-
form, mobile
application
availability

Large user
base, dual
applications

User-
friendly,
suitable
for various
clinic sizes,
excellent
support

Integrated
solution
combining
patients,
physicians,
and assis-
tants, smart
assistant,
modern
design, local
integration
gap oppor-
tunity

Weaknesses US-only
availability,
certain spe-
cialty gaps

Institution-
specific,
potentially
limited fea-
tures

Occasional
slowdowns,
slow cus-
tomer
support, lim-
ited Android
support

Increasing
pricing with
features,
billing cus-
tomization
limitations

Simple
interface,
security
concerns,
limited
physician
features

Heavy
internet
dependency

Desktop-
only appli-
cation, no
automatic
backup,
per-client
installation
requirement

Emerging
project re-
quiring user
base de-
velopment,
competi-
tion with
established
global solu-
tions
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1.4 Fundamental Operational andTechnical Requirements
for Modern Systems

1.4.1 User Requirements (Patients)

Patients constitute the central element in any healthcare system; therefore, modern health
system designmust prioritize their needs and experiences. Patient requirements vary between
functional aspects related to usability and elements concerning system trust and security [10].

Usability represents a non-negotiable fundamental requirement, with patients needing
simple, clear interactive interfaces enabling effortless navigation across various services.
This necessitates intuitive user interface design accommodating diverse user expertise levels
while presenting information comprehensibly even to non-specialists [10].

Mobile Accessibility has become imperative in the era of widespread smartphone adop-
tion. Patients expect healthcare service access anytime, anywhere, beyond official working
hours without requiring physical clinic visits. Studies indicate over 60% of United States
patients utilize mobile health applications for health management [3].

Privacy and Data Security constitute primary patient concerns when engaging with elec-
tronic health systems. Patients expect their sensitive medical information to remain confiden-
tial and protected from breaches or unauthorized access. Patients must feel confident sharing
their medical histories through platforms [1, 4].

Direct Provider Communication represents vital requirements facilitating treatment follow-
up processes. Patients require secure communication channels with physicians for inquiry
submission, guidance reception, and health status updates [8].

1.4.2 Provider Requirements (Physicians/Clinics)

Physician and clinic needs differ from patient requirements, focusing primarily on operational
efficiency enhancement and workflow organization within healthcare facilities [12].

Time Management Efficiency represents paramount priority for physicians facing work-
load pressures and appointment density. Clinics require intelligent scheduling systems for
queue organization and appointment distribution ensuring optimal time utilization [5].

Health Record Integration constitutes fundamental requirements facilitating comprehen-
sive, organized patient information access. Physicians need integrated views of patient med-
ical histories encompassing all previous visits, diagnoses, laboratory results, prescriptions,
and imaging within single interfaces [4, 5].

Paperwork Reduction significantly contributes to clinic workflow improvement. Digi-
tal systems enable electronic information documentation, digital prescription creation, and
electronic report transmission without paper document handling [4].
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Simplified Analytics and Intelligent Reports assist physicians and clinic management in
understanding facility performance while making informed decisions. Modern systems pro-
vide dashboards displaying key performance indicators including appointment volumes, av-
erage waiting times, and patient demographic analysis [4].

1.4.3 Fundamental Technical Requirements

Technical requirements constitute the backbone of any modern health system, determining
necessary infrastructure ensuring reliable, secure, and scalable performance [2].

Security and Privacy represent critical requirements due to medical data sensitivity.This
necessitatesmulti-layeredmeasures including data encryption during transmission (TLS 1.2+)
and storage, the Principle of Least Privilege in access control , and compliance with regula-
tions such as Algerian Law 18-07, HIPAA, and GDPR [13, 14].

Scalability ensures systems accommodate growing users and data volumes without perfor-
mance degradation through scalable architectures enabling resource addition without com-
plete reconstruction [6].

APIs connect health systems with external entities like laboratories and pharmacies. Ef-
fective integration relies on open standards such for structured, unified data exchange [2, 3].

Cross-Platform User Experience requires consistent, smooth experiences across Android
and web platforms through responsive interface design adapting to various screen sizes [3,
10]. As illustrated in Figure 1.2, cloud architecture for an integrated healthcare platform with
auto-scaling and monitoring:

Figure 1.2: AWS cloud architecture for a multi-tenant healthcare platform, illustrating com-
ponents such as API Gateway, load balancer, EC2 instances, RDS, auto-scaling, and monitor-
ing tools (CloudTrail, CloudWatch) with high availability across availability zones. (Source:
AWS / Adapted from GitHub – Cloud-Architecture-Project, 2025)
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1.5 Gap Identification and Project Opportunity

1.5.1 Analysis of Existing Solution Deficiencies

In-depth analysis reveals fundamental gaps impeding integrated, effective healthcare expe-
riences. These deficiencies represent structural challenges affecting all stakeholders within
the health ecosystem.

1. Cost Prohibitivity: Monthly subscription models for integrated systems often ex-
ceed $200--300 per provider, with additional fees for advanced features like electronic
billing and telemedicine, hindering adoption by small and medium clinics [5, 12].

2. Lack of Emerging Market Solutions: Leading global systems are designed for de-
veloped markets, focusing on HIPAA compliance and complex insurance integration,
while failing to accommodate limited infrastructure, diverse payment patterns, and cul-
tural needs in emerging markets [5, 6].

3. Limited Local Integration: Most applications operate in isolation, focusing solely
on appointment booking without connecting to laboratories, pharmacies, or imaging
centers, disrupting care continuity [3].

4. Restricted Telemedicine Features: While platforms like DrChrono offer integrated
video consultations, local solutions often lack these features or provide non-integrated
implementations, limiting their capacity to meet digital age requirements [5].

5. Weak Interoperability: Healthcare institutions frequently operate multiple incom-
patible systems, fragmenting patient medical records across various platforms and
complicating data exchange [2, 3].

6. Poor User Experience: Many local applications, such as eTabib, lack intuitive design
and smooth interfaces, limiting adoption by both patients and physicians [4].

1.5.2 Health Connect's Gap-Filling Approach

TheHealth Connect Project: introduces an integrated solution addressing identified market
gaps through a unified platform that combines patient and physician requirements, specifi-
cally designed for emerging market contexts.

The project's value proposition rests on four key pillars:

1. Innovative FreemiumModel: Combining free patient access with flexible clinic sub-
scriptions eliminates financial barriers, offering complimentary appointment booking,
health record access, and physician communication .
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2. User-Centric Design: Prioritizing intuitive experiences for all ages through simpli-
fied interfaces, while providing comprehensive administrative dashboards for efficient
appointment management, patient tracking, and electronic prescription generation .

3. Seamless Integration: Adopting FHIR-compatible APIs enables smooth connectiv-
ity with laboratories, pharmacies, and imaging centers, creating comprehensive health
ecosystems .

4. Comprehensive Solution: Delivering appointments, records, and remote consulta-
tions within a single affordable platform, eliminating the need for multiple applica-
tions.

This integrated approach empowers small andmedium clinics to offer competitive services
comparable to larger institutions, contributing significantly to reducing digital divides among
healthcare providers, particularly in emerging markets .

1.6 Regulatory and Ethical Framework

1.6.1 Health Data Protection Regulations

At the International Level, the United States HIPAA Law represents one of the oldest health
data protection legislations, establishing stringent standards for electronic health information
protection [4, 5].

Within the European Union, the General Data Protection Regulation (GDPR) imposes
even stricter requirements, demanding explicit individual consent for health data processing,
with penalties reaching €20 million or 4% of total global annual revenue for violations [4].

At the Local Algerian Level, Law No. 18-07 concerning protection of natural persons in
personal data processing was enacted [13].

1.6.2 Digital Medicine Ethics

Information Confidentiality represents non-negotiable ethical and legal obligations[14].
Informed Consent constitutes fundamental medical practice ethics foundations [14].
Digital Divide Avoidance represents significant ethical challenges [13].

1.6.3 Inclusive Design Considerations

Ensuring Elderly Accessibility presents particular challenges amid accelerating demographic
shifts.

Ensuring Non-Technical User Accessibility requires adoption of inclusive design princi-
ples [14].

19



Chapter 1: Overview of Current Healthcare Management Systems

1.7 Expected Challenges

1.7.1 User Acquisition Challenge

Acquiring users remains a major obstacle for two-sided health platforms, where success de-
pends on having both doctors and patients active on the system simultaneously . Among
patients, adoption barriers include limited awareness of digital health tools and worries about
personal data security . For doctors, primary challenges involve reluctance to change their
established workflows and concerns that new systems may be overly complicated [1, 5].

1.7.2 Regulatory Compliance and Legal Complexities

Adhering to health data protection laws presents a significant challenge. In Algeria, Law No.
18-07 mandates that patients give explicit consent before their data is processed, along with
implementing appropriate security safeguards for sensitive medical information .

Furthermore, the system must maintain comprehensive audit trails and enforce the princi-
ple of least privilege when granting access to patient data [13, 14].

1.7.3 System Integration and Cybersecurity Challenges

Integrating the Health Connect platform with existing healthcare systems is challenging due
to incompatible legacy systems and weak technical infrastructure . This integration also
introduces cybersecurity risks that affect user trust, requiring robust security measures such
as data encryption and strict access controls [1, 2, 6]. As illustrated in Figure 1.3, multi-
layered security architecture protecting healthcare devices and networks:

Figure 1.3: Multi-layered runtime security architecture for Internet ofMedical Things (IoMT)
environments, showing protection deployed across medical devices, gateways, and internal
infrastructure (databases, network appliances, laboratories) to defend healthcare networks
against cyberattacks. (Source: Exein, 2025)
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1.8 Conclusion

This study has provided a comprehensive overview of healthcare management systems, trac-
ing their evolution from traditional paper-based methods to modern digital solutions. The
analysis revealed structural deficiencies in conventional systems and adoption barriers in
centralized platforms related to cost and complexity. Current trends indicate a shift toward
cloud-based and mobile solutions, though they lack local integration and customization for
emerging markets. The Health Connect project addresses these gaps through an innovative
Freemium model combining patient accessibility with flexible clinic subscriptions, offer-
ing an integrated platform for appointments, records, and remote consultations at affordable
costs. Subsequent sections will present the detailed system design, implementation, and pro-
totyping phases.
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Chapter 2

System Design

2.1 Introduction

After analyzing the current state of healthcare management systems in the previous chapter
and identifying the market gaps that the proposed Health Connect project aims to address,
this chapter moves to the practical design phase. The objective is to translate functional and
non-functional requirements into concrete technical blueprints that serve as a reference for
development and implementation.

This chapter describes the system's architecture and internal structure, explaining how
various components interact.

To formalize the system's structure, we adopt two modeling approaches. First, the C4
Model illustrates the architecture at multiple levels: the System Context Diagram (showing
external users and systems) and the Container Diagram (breaking down main logical units).
Second, UML diagrams model system behavior and interactions, specifically:

- Use Case Diagrams: define functions for each actor.

- Sequence Diagrams: show message exchange in key processes.

- Activity Diagrams: represent workflow with conditional branches.

- Class Diagram: defines static structure (entities, attributes, relationships).

By the end of this chapter, the reader will understand how the system is designed, how its
components interact, and how the technical design aligns with the project objectives. This
design serves as the engineering foundation for the implementation phase in the following
chapter.

22



Chapter 2: System Design

2.2 System Overview

Health Connect is an integrated medical platform connecting patients, doctors, pharmacists,
assistants, laboratories, and administrators in a unified digital space. The system operates
through a mobile app for patients and a web platform for other users, both communicating
with a backend server via REST APIs.

Main Technical Components:

Table 2.1: Main Technical Components of the System
Component Description
Mobile App For patients: booking, medical records, notifications, and

chat functionalities.
Web Platform For doctors, pharmacists, assistants, laboratories, and ad-

ministrators.
Database Stores users, appointments, prescriptions, medical records,

and laboratory results.

Actors:
Six main actors interact with the system:

- Patient

- Doctor

- Pharmacist

- Assistant

- Laboratory

- Administrator

The platform is designed using amodular and scalable architecture to support future exten-
sions such as AI-based diagnosis assistance, telemedicine, and interoperability with external
healthcare systems.

2.3 System Functionalities

The Health Connect platform provides different functionalities depending on the role of each
actor within the healthcare ecosystem.
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2.3.1 Patient Functionalities

Patients can create an account and log in securely. They can search for doctors based on
specialty and location, then book or cancel appointments as needed. Patients can also view
their medical records, including prescriptions, diagnoses, and test results. Additionally, they
receive reminder notifications via the app and SMS, as well as alerts when medications or
test results are ready. Patients can also chat with healthcare providers, edit their personal
information, view their completemedical file, and conduct remote consultations with doctors.

2.3.2 Doctor Functionalities

Doctors can view patient medical records and update health status, as well as add diagnoses
and treatment information. They can also view and manage appointments, write and send
electronic prescriptions to pharmacies, and send medical test requests to laboratories while
viewing test results. Additionally, doctors can conduct remote consultations, manage as-
sistant tasks, activate the smart scheduling feature, edit their personal information, and add
working hours and schedules.

2.3.3 Medical Assistant Functionalities

The medical assistant can add and manage bookings, including confirming, deleting, or can-
celing appointments as needed. After the patient completes their visit, the assistant updates
the appointment status to "completed". The assistant can also edit their personal information
and view the working hours of the doctor they follow.

2.3.4 Pharmacist Functionalities

The pharmacist can view electronic prescription lists and access prescription details. They
can also confirmmedication dispensing and update the prescription status accordingly, which
automatically sends a notification to the patient informing them that their medication is ready
for pickup. Additionally, the pharmacist can manage inventory and edit pharmacy informa-
tion.

2.3.5 Laboratory Functionalities

The laboratory can receive medical test requests and view the required test details. After
completing the analyses, the laboratory uploads the results, allowing the patient to receive an
instant notification on their mobile app that their test results are ready, along with the ability
to download these results as a PDF file. Additionally, the laboratory can edit its information
as needed.
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2.3.6 Administrator Functionalities

The administrator can manage users including doctors, pharmacies, and laboratories, and
can delete or deactivate accounts as needed. They also monitor user activity, activate sub-
scriptions, and manage payments. Additionally, the administrator can edit their personal
information.

2.4 Users (Actors)

Six main actors interact with the system, each with a specific role and platform:

Table 2.2: System Actors and Their Roles
Actor Role Platform
Patient Requests medical services such as appoint-

ments, medical records, and laboratory results.
Android App

Doctor Provides primary healthcare including diag-
noses, prescriptions, and medical test requests.

Web Platform

Pharmacist Receives electronic prescriptions and prepares
medications.

Web Platform

Medical Assistant Supports doctors with bookings and preliminary
patient data management.

Web Platform

Laboratory Receives medical test requests and uploads lab-
oratory results.

Web Platform

Administrator Manages users, subscriptions, and oversees the
entire platform.

Web Platform

2.5 System Context Diagram

The System Context Diagram is the first level of the C4 model, developed by Simon Brown.
It shows the system as a central entity interacting with external actors (such as patients and
doctors) and external systems (such as laboratory systems). The goal is to provide a "big
picture" view of the system's boundaries and relationships without internal technical details,
making it a communication tool for all stakeholders [15, 16].
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2.5.1 C4 Model -- System Context Diagram

Figure 2.1 presents the C4 System Context Diagram of the Health Connect platform:

Figure 2.1: C4 Model - System Context Diagram for Health Connect

Actors:

- Patient: Uses Android app to book appointments and view medical records.

- Doctor: Uses web platform to manage appointments, prescriptions, and test requests.

- Pharmacist: Uses web platform to receive electronic prescriptions and confirm med-
ication dispensing.

- Medical Assistant: Uses web platform to manage bookings and enter patient data.

- Administrator: Uses web platform to manage users and activate subscriptions.

External Systems:

- Laboratory System: Receives test requests and uploads results automatically via
REST API.

- Pharmacy System: Receives electronic prescriptions and updates medication status
via REST API.

2.6 Unified Modeling Language (UML)

UnifiedModeling Language (UML) is a standardized graphical language used to create blueprints
for software systems. UML can be employed to visualize, specify, construct, and document
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the artifacts of a system with a strong software component . It provides a common commu-
nication framework for developers, analysts, and stakeholders, enabling them to understand
complex system structures through various diagram types such as use case, sequence, activ-
ity, and class diagrams [16, 17].

2.6.1 The Importance of Using the Unified Modeling Language (UML)

- Enables professional and organized software design.

- Allows easy and low-cost modifications and maintenance.

- UML diagrams help developers understand the system quickly and easily.

- Serves as a common communication language between developers and designers.

- Provides documentation of the design before programming begins.

- Is independent of any specific programming language or development process.

2.6.2 Types of UML Diagrams

In UML, there are 14 types of diagrams divided into two main categories:

• Structural Diagrams

• Behavioural Diagrams

As shown in the following figure 2.2:

Figure 2.2: Structural and Behavioral UML Diagrams
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2.7 Use Case Diagrams

The Use Case Diagram, as defined within the Unified Modeling Language (UML), is a mod-
eling tool used to identify and represent the functional requirements of a system. It describes
the various sequences of actions that a system can carry out during its interactionwith external
actors. This diagram offers a clear, high-level perspective of system behavior and facilitates
effective communication among system stakeholders, developers, and end-users[16--18].

2.7.1 Patient Use Case Diagram

Figure 2.3 presents the Patient Use Case Diagram.

Figure 2.3: Patient Use Case Diagram

Actor:

- The Patient: A registered user managing their health through the mobile application.
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Use Cases:

- Create Account, Register Data, Login.

- Search for Doctor.

- Book Appointment, Cancel Appointment.

- Receive reminder notifications via the mobile application for the patient's upcoming
appointment with the doctor.

- View Prescriptions, Diagnoses, Test Results.

- Receive medication and test results readiness notification.

- Chat with Providers.

- Send test requests to the laboratory.

- View nearest pharmacies and laboratories.

- View doctor details (specialty, rating, working hours).

- View each doctor's clinic location on the map.

- Request a remote consultation.

- Book Laboratory Appointment.

2.7.2 Doctor Use Case Diagram

Figure 2.4 presents the Doctor Use Case Diagram.
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Figure 2.4: Doctor Use Case Diagram

Actor:

- The Doctor: A registered user with full access to medical and administrative opera-
tions.

Use Cases:

- Add working hours and schedule.

- Manage Assistant, Edit Personal Information.

- View Appointments.

- View Medical Record, Update Health Status, Add Diagnosis.

- Write Prescription, Send Prescription to Pharmacy.

- Write tests and send them to the laboratory or to the patient, View Test Results.

- Conduct Remote Consultation.

- Activate the smart system for appointment management.
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2.7.3 Medical Assistant Use Case Diagram

Figure 2.5 presents the Medical Assistant Use Case Diagram.

Figure 2.5: Medical Assistant Use Case Diagram

Actor:

- The Medical Assistant: A user added by a doctor to support administrative and med-
ical tasks.

Use Cases:

- Add Booking.

- Manage patient appointments.

- Manage Payment.

- Manage his personal settings

2.7.4 Pharmacist Use Case Diagram

Figure 2.6 presents the Pharmacist Use Case Diagram.
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Figure 2.6: Pharmacist Use Case Diagram

Actor:

- The Pharmacist: A user who receives and processes electronic prescriptions.

Use Cases:

- View Electronic Prescription List, View Prescription Details.

- Confirm Medication Dispensing, Update Prescription Status.

- Send Medication Ready Notification.

- Inventory Management.

2.7.5 Laboratory Use Case Diagram

Figure 2.7 presents the Laboratory Use Case Diagram.
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Figure 2.7: Laboratory Use Case Diagram

Actor:

- The Laboratory: An external system that receives test requests and returns results.

Use Cases:

- Manage working schedule.

- Accepet pateint bookings.

- Receive Test Requests, View Test Details.

- Upload Test Results.

- Notify Patient, Notify Doctor.

2.7.6 Administrator Use Case Diagram

Figure 2.8 presents the Administrator Use Case Diagram.
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Figure 2.8: Administrator Use Case Diagram

Actor:

- The Administrator: A user with full permissions to manage the system.

Use Cases:

- Add Doctor, Add Pharmacy, Add Laboratory.

- Save Account, Delete Account, Deactivate Account.

- Monitor User Activity.

- Activate Subscription, Manage Payment.
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- The financial administrator can view the total profits generated from subscriptions of
doctors, pharmacists, and laboratories, with a breakdown of revenues by each party, to
determine the platform's growth and improve pricing policies.

2.7.7 Smart Appointment System Use Case Diagram

Figure 2.9 presents Use Case Diagram of the Smart Appointment System:

Figure 2.9: Smart Appointment System Use Case Diagram"

Actor:

- The Doctor: A registered user who activates and manages the smart appointment
system.

Use Cases:

- Activate Smart Appointment System: Enables the doctor to turn on the automatic
appointment confirmation feature.

- Request Appointment (1 day before): Patients can only request appointments at least
one day in advance.

- Collect Booking Requests: The system gathers all pending appointment requests.

- Prioritize Patients: The system checks patient history and gives priority to returning
patients.

- Automaticity Accept Patients: The system automatically confirms appointments for
priority patients while respecting the maximum number of slots.

- Reject / Postpone Extra Requests: Appointments that exceed the maximum capacity
are automatically rejected or postponed.

- Send Notification: The system sends a confirmation or rejection notification to the
patient.
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2.8 Sequence Diagrams

A Sequence Diagram, within the Unified Modeling Language (UML), is a behavioral dia-
gram that illustrates the chronological order of message exchanges between objects, compo-
nents, or actors over time. It focuses on how interactions occur during a specific scenario
or operation, showing the sequence of events from initiation to completion. This diagram is
particularly useful for modeling real-time systems and dynamic behavior, as it clarifies how
different parts of the system collaborate to achieve a specific functionality [19].

2.8.1 Appointment Booking with Priority

Figure 2.10 illustrates the process of booking appointments with patient prioritization.

Figure 2.10: Sequence Diagram for Appointment Booking with Priority

Participants:

- Patient

- Server

- Database

- Medical Assistant
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Process Steps:

- Patient sends appointment booking request.

- Server stores request and confirms booking.

- Medical assistant is notified of a new request.

Alternative Flow (alt):

- If patient is previously registered (priority):

* Assistant automatically confirms booking.

* Appointment status is updated in database.

* Confirmed bookings are displayed to the doctor.

* The server sends a confirmation notification to the patient, a reminder on the
day of the appointment, and a reminder based on the queue position in the list.

- If the system is smart:

* Bookings are accepted according to priority.

* Bookings are confirmed by the server based on the maximum number of pa-
tients.

* The server sends a notification to the patient with the result.

2.8.2 Sending Prescription to Pharmacy

Figure 2.11 presents the sequence of sending electronic prescriptions to pharmacies.
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Figure 2.11: Sequence Diagram for Sending Prescription to Pharmacy

Participants:

- Doctor

- Server

- Database

- Pharmacy

- Patient

Process Steps:

- Doctor writes and sends a prescription.

- Server stores the prescription and confirms storage.

- Pharmacy is notified of a new prescription.

- Pharmacy views the prescription and its details.

- Patient can send the prescription to the pharmacy.

Optional Flow (opt):
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- If the pharmacy prepares the medication:

* Pharmacist confirms medication preparation.

* Server updates the prescription status in the database.

* Server sends a notification to the patient: ``Your medication is ready.''

39



Chapter 2: System Design

2.8.3 Sending Test Request to Laboratory

Figure 2.12 illustrates the interaction between doctors and laboratories during test requests.

Figure 2.12: Sequence Diagram for Sending Test Request to Laboratory

Participants:

- Doctor

- Server

- Database

- Laboratory

- Patient

Process Steps:
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- Doctor sends test request for a patient.

- Server stores request and confirms storage.

- Laboratory is notified of a new test request.

- Laboratory views request and required test details are displayed.

- Laboratory uploads test results.

- Server stores results and confirms storage.

- Server sends notification to patient: "Your test results are ready."

- Patient sends a laboratory booking request.

- Laboratory reviews the booking request.

- Patient receives a notification confirming the booking.

2.9 Activity Diagrams

AnActivity Diagram, within theUnifiedModeling Language (UML), is a behavioral diagram
that represents the flow of control and data from one activity to another within a system. It
illustrates the sequence of actions, decision points, parallel processes, and synchronization of
activities. This diagram is particularly useful for modeling business processes, workflows,
and the logic of complex operations, as it shows how different tasks are executed and under
which conditions [19].

2.9.1 Appointment Booking with Priority

Figure 2.13 presents the workflow of appointment booking with priority management.
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Figure 2.13: Activity Diagram for Appointment Booking with Priority

Process Flow:

- Patient enters booking data (doctor and date).

- System checks patient status.

- Decision: Is patient previously registered (priority)?

If YES (priority):

- Priority is given in booking.

- Assistant confirms booking.

If NO (regular):

- Available time slots are displayed.

- Patient chooses a time.

- Patient sends booking request.

42



Chapter 2: System Design

- Assistant reviews request.

Final Steps:

- Appointment is stored in database.

-A booking confirmation notification is sent to the patient, along with a reminder no-
tification on the day of the appointment, and an SMS notification when the patient's
queue position is approaching.

- Activity ends.

2.9.2 Receiving Notifications on Patient's Mobile

Figure 2.14 presents the process of receiving notifications in the patient mobile application.

Figure 2.14: Activity Diagram for Receiving Notifications on Patient's Mobile
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Process Flow:

- Patient opens the application.

- Home page appears.

- Decision: Are there new notifications?

If YES:

- Red dot appears.

- Patient clicks on notifications.

- List of notifications is displayed.

- Patient clicks any notification to see details.

- Patient is redirected to appropriate page (appointment details or test result).

If NO:

- Activity ends directly.

- Activity ends.

2.9.3 Activity diagram of sending test requests to the laboratory

Figure 2.15 illustrates the workflow of sending test requests from the doctor to the laboratory
and notifying the patient of the results
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Figure 2.15: Activity diagram of sending test requests to the laboratory

Process Flow:

- Doctor writes the test request for the patient.

- How is the request sent?

If sent directly to the laboratory:

- The doctor sends the request directly to the laboratory.

- The laboratory receives the request.

- The laboratory performs the required tests.

- The laboratory uploads the results to the system.

- The patient is notified of the results.

If sent to the patient:

• The doctor sends the request to the patient.

• The patient receives the request.
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• The patient sends the request to the laboratory (optional flow).

• The laboratory receives the request.

• The laboratory performs the required tests.

• The laboratory uploads the results to the system.

• The patient is notified of the results.

Final Steps:

• Notification type: In-app notification and SMS text message.

• The patient receives a notification on their phone.

• The patient receives a text message containing a PDF link to download the results.

• Activity ends.

2.9.4 Activity Diagram of the Smart Appointment System

Figure 2.16 illustrates the workflow of sending test requests from the doctor to the laboratory
and notifying the patient of the results
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Figure 2.16: Activity Diagram of the Smart Appointment System

Process Flow:

• Doctor activates Smart Appointment System.

• Patient submits appointment request through the interface.

• The interface displays only available dates starting from tomorrow.

• Patient selects a date (which is automatically at least one day ahead).

• System stores the request.

• System checks patient priority (based on previous visits).

• System sorts all requests by priority (returning patients first).
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• System checks if there are available slots for the selected date.

If If available slots exist:

• System accepts the appointment.

• System sends a confirmation notification to the patient.

• Activity ends.

no available slots:

• System rejects or postpones the request.

• System sends a rejection notification to the patient.

• Activity ends.

2.10 Class Diagram

A Class Diagram, within the Unified Modeling Language (UML), is a structural diagram
that represents the static structure of a system by showing its classes, attributes, methods,
and the relationships between them. It provides a foundation for object-oriented modeling
by illustrating how different components of the system are organized and how they interact
through associations, inheritance, dependencies, and aggregations. This diagram is essential
for visualizing, specifying, and documenting the architectural design of a system [19].

The figure below presents the class diagram of the health connect healthcare system:
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Figure 2.17: Class Diagram of the proposed system

2.11 Relational Model

The relational model of the proposed healthcare management system is composed of the
following entities:

• User(id, name, email, password, phone)

• Patient(patient_id, date_of_birth, sex, id) [inherits User]

• Doctor(doc_id, specialty, clinic, id) [inherits User]

• Admin(admin_id, username, id) [inherits User]

• Pharmacy(pharmacy_id, name, address, phone)

• Lab(lab_id, name, address, phone, type_analyse)

• Schedule(schedule_id, date, start_time, end_time, doc_id)

• Appointment(appointment_id, date, time, status, price, patient_id, doc_id, schedule_id)

• MedicalRecord(record_id, diagnosis, treatment, notes, created_at, patient_id, doc_id)

• Prescription(prescription_id, medication, dosage, status, date, patient_id, doc_id)
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• LabOrder(order_id, test_type, status, result, order_date, patient_id, doc_id, lab_id)

• RemoteConsultation(consultation_id, date, status, link, created_at, patient_id, doc_id)

• PharmacyOrder(order_id, status, date, prescription_text, patient_id, pharmacy_id)

• Notification(notification_id, message, date, is_read, patient_id)

• Subscription(subscription_id, plan, status, start_date, end_date, price, patient_id)

2.12 Conclusion

This chapter presented a complete design of the health connect healthcare system, including
the system overview, functionalities for the six user types, system actors, and interaction
design using UML diagrams and the C4 model. It covered the C4 System Context Diagram,
Use Case Diagrams, Sequence Diagrams, and Activity Diagrams, illustrating how different
actors interact with the system and how the main healthcare processes are executed. This
design serves as the engineering foundation for the implementation phase presented in the
next chapter.
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Chapter 3

Implementation

3.1 Introduction

This chapter presents the practical implementation of the Nibras esiha digital platform for
healthcare services. It describes the development environment, software tools, programming
languages, and hardware specifications used. It also presents the main interfaces of both the
web platform and the Android application. The platform was designed to address the key
challenges identified earlier. Its implementation relied on modern, integrated technologies to
achieve the desired objectives. The selection of these technologies was based on scientific
criteria such as performance efficiency, ease of development, and compatibility with system
requirements. Choosing the right tools is a critical factor in the success of any software
project, as it directly affects the quality, maintainability, and future development of the final
product.

3.2 Characteristics of a Computer

Table 3.1: Used hardware
Device Name Features
DESKTOP-
7FHOF8V

Model: Latitude 5400

CPU: Intel Core i7-8665U @ 1.90GHz (2.11 GHz)
RAM: 16.0 GB (15.8 GB usable)
Graphics: Intel UHD Graphics 620 (128 MB)
Storage: 238 GB SSD
Operating System: Windows 11 Pro 64-bit
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3.3 Definitions of Technologies Used

3.3.1 HTML:

Figure 3.1:
HTML

HTML (HyperText Markup Language) is the standard markup language
used to create and structure web pages. It defines the fundamental ele-
ments of a webpage, including headings, paragraphs, forms, and multime-
dia content (Berners-Lee, 2000) [20].

3.3.2 CSS:

Figure 3.2:
CSS

CSS (Cascading Style Sheets) is a styling language that controls the vi-
sual presentation of HTML elements. It enables developers to define col-
ors, fonts, layouts, and responsive designs, enhancing the user interface
(Meyer, 2007) [21].

3.3.3 JavaScript:

Figure 3.3:
JavaScript

JavaScript is a client-side scripting language that adds interactivity and
dynamic behavior to web pages. It allows event handling, form validation,
and partial page updates without reloading (Flanagan, 2011) [22].
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3.3.4 PHP:

Figure 3.4:
PHP

PHP is a server-side scripting language designed for dynamic web
development. It supports database integration, session management,
and dynamic HTML generation [23].

3.3.5 My SQL:

Figure 3.5:
MY SQL

MySQL is an open-source relational database management system
(RDBMS). It uses SQL for efficient data storage, retrieval, and ma-
nipulation, and is known for its speed and reliability [24].

3.3.6 Visual Studio Code:

Figure 3.6:
VS Code

Visual Studio Code is a lightweight, open-source code editor
developed by Microsoft. It supports multiple programming
languages and offers advanced features such as debugging, In-
telliSense, and Git integration [25].

3.3.7 XAMPP:

Figure 3.7:
XAMPP

XAMPP is a free, cross-platform local server package developed
by Apache Friends. It provides an integrated environment con-
sisting of Apache, MySQL, PHP, and Perl for web development
and testing [26].
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3.3.8 Android Studio:

Figure 3.8:
Android
Studio

Android is an open-source mobile operating system based on
the Linux kernel. It allows developers to build feature-rich
applications using Java or Kotlin via the Android SDK [27].

3.3.9 API:

Figure 3.9:
API

An API is a set of rules and protocols that enables different
software applications to communicate with each other. In this
project, a REST API was implemented to exchange data be-
tween the Android application and the server using JSON for-
mat [28].

Figure 3.10: Monolithic Architecture of the eHealth System.
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The figure illustrates the proposed system architecture, which adopts a monolithic design
pattern consisting of three main layers as follows:

• Client Layer: Consists of the Android mobile application for patients and the web
platform for doctors, pharmacists, and laboratories. This layer enables users to per-
form various functions such as booking appointments, adding diagnoses, prescribing
treatments, managing tests, and dispensing medications.

• Backend Server Layer: Developed using PHP, this layer contains all core system
functions in a single monolithic unit, including: Authentication & Authorization, Pa-
tient Management, Appointment Management, Diagnosis Management, Prescriptions
Management, Notifications, Logging, and Security.

• Database Layer: Represents the centralized MySQL database which stores all system
data in a single location, providing a Single Source of Truth, with support for ACID
transactions, backup, and recovery mechanisms.

Communication between these layers occurs via REST API using HTTP/HTTPS protocol
and JSON format for data exchange between the Android app, web platform, PHP backend
server, and MySQL database.

3.4 Presentation of Nibras esiha web Platform Interfaces

The platform interfaces were designed and developed according to user needs, including
the landing page, the login interface with role selection, the account registration interface,
in addition to the dashboards of the doctor, medical assistant, pharmacist, laboratory, and
administrator. A sample of these interfaces will be presented in this section:
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3.4.1 Sign up interface

Figure 3.11: Sign up interface.

• Description: New account creation interface for the free trial, displayed after se-
lecting the trial plan. The "Account Type" field allows the user to choose between:
Clinic/Doctor, Pharmacy, Laboratory, or Medical Assistant. Other fields include: Full
Name, Email, Phone Number, National ID NIC, Password, and Confirm Password.
After creating the account, the user is redirected to their respective dashboard to start
the 15-day free trial.

3.4.2 Login interface of Nibras esiha platform

Figure 3.12: Login interface of Nibras esiha platform.
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• Description: This figure shows the login interface of the Nibras esiha healthcare plat-
form. The interface features a dropdownmenu for selecting the user role (Admin, Doc-
tor, Pharmacy, Laboratory, or Medical Assistant), allowing each user to be redirected
to their respective dashboard based on their permissions. The interface also includes
fields for entering the username (or email address) and password, ensuring secure user
authentication. A "Forgot password?" link is also provided to help users recover their
accounts, enhancing usability and accessibility. The interface is designed in a simple
and clear manner to facilitate the login process for different user categories.

Executive login processing code

Figure 3.13: Executive login processing code

Description: The auth.php file contains the login processing logic. It receives the data sub-
mitted from the form (username, password, role) via the POSTmethod. Based on the selected
role, it searches for the user in the appropriate database table (doctor, patient, admin, phar-
macy, lab) using prepared statements to prevent SQL injection. After retrieving the data, it
compares the entered password with the stored one using passwordverify() or a direct com-
parison. If the credentials match and the account is active (Active), a session is created for the
user storing their ID, name, and role, then they are redirected to their dedicated dashboard.
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If authentication fails, an error alert is displayed.

3.4.3 Doctor Dashboard

Add work time interface for the doctor

Figure 3.14: Add work time interface for the doctor.

• Description: When the doctor clicks the "Add Work Time" button, a modal window
appears allowing them to select multiple working days, choose the day type (working
day or holiday), select the work period (morning, evening, or both) with start and end
times, and set the maximum number of patients per time slot. After saving, the added
working days appear in the "Working Days" table within the dashboard, where the
doctor can edit or delete any day. This interface also allows managing holidays and
reactivating working days.
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Confirmed appointments interface for medical examination

Figure 3.15: Confirmed appointments interface for medical examination.

• Description: This interface displays the list of patients whose appointments have been
confirmed, either by the medical assistant or automatically through the smart booking
system based on the doctor's settings (priority for returning patients, available slots,
etc.). The interface includes quick statistics (total, cancelled, no-show) and a table
showing the patient's name, phone number, time, and status (confirmed). From this
table, the doctor can start the medical examination for each patient, which streamlines
clinic workflow and helps the doctor manage their appointments efficiently.

Work settings and smart booking system interface

Figure 3.16: Work settings and smart booking system interface.
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• Description: This interface allows the doctor to activate the smart booking system,
which automatically confirms appointments based on a priority mechanism that gives
preference to returning patients (those with previous appointments with the doctor),
then according to booking order, while respecting the maximum number of slots al-
lowed per time period. The doctor can also enable the option requiring booking at
least one day in advance of the appointment date. These settings aim to reduce the bur-
den of manual review on the doctor and medical assistant, improve patient experience,
and ensure fair appointment distribution.

3.4.4 Admin Dashboard

User management interface for the administrator

Figure 3.17: User management interface .

• Description: This interface displays a list of all registered users in the platform (doc-
tors, pharmacies, laboratories, patients) with their basic information: ID, name, email,
role, and status (Active / Inactive). Through this interface, the administrator can mod-
ify the status of any account (activate or deactivate), delete it, or edit its data. This
interface aims to facilitate the monitoring and management of user accounts by the
administrator.
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Paid subscriptions and free trial period interface

Figure 3.18: Paid subscriptions and free trial period interface.

• Description: This interface appears when clicking on the "Subscriptions" section in
the administrator dashboard. It displays two tables: the first for accounts in the free
trial period, including the start date, end date, and remaining days; the second for paid
subscriptions, including the subscriber name, category, plan (monthly/annual), amount,
payment method, dates, and status. This interface aims to enable the administrator to
track subscriptions, manage payments, and monitor free trial accounts to remind them
to upgrade.
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3.4.5 Medical Assistant Dashboard

Daily appointment management interface for the medical assistant

Figure 3.19: Daily appointment management.

• Description: This interface appears in the medical assistant dashboard, displaying
an appointment agenda for navigating between days, and a table listing patients who
havemade appointments with their information (patient ID, time, status). The interface
allows the assistant to confirm, reject, or cancel appointments, while updating the status
and sending a notification to the patient. It aims to reduce the administrative burden
on the doctor and improve the patient experience.
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3.4.6 Pharmacist Dashboard

Prescription details interface for the pharmacist

Figure 3.20: Prescription details.

• Description: This interface appears when clicking on any patient from the list of pre-
scriptions received at the pharmacy. It displays basic prescription information includ-
ing the patient's name, date and time, and the prescribed medications such . Through
this interface, the pharmacist prepares the required medications and then clicks the
"Prepare medication now and notify patient" button. When this button is clicked, the
prescription status is updated to "Ready", and an immediate notification is sent to the
patient via the application to inform them that the medication is ready for pickup from
the pharmacy. This interface aims to speed up the medication dispensing process and
improve communication with the patient.
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3.4.7 Laboratory Dashboard

Laboratory results entry interface

Figure 3.21: Laboratory results entry interface

• Description: This interface appears after the laboratory has accepted a test request.
It allows the laboratory technician to enter the results for each test, including the re-
sult value, unit of measurement, and reference ranges. The technician can also add
additional notes in the "Laboratory Report" field. Once all results have been entered,
clicking the "Valider et Envoyer" button saves the results to the system and automat-
ically sends notifications to both the patient and the doctor. This interface aims to
simplify the results entry process and speed up patient notification.

3.5 Presentation of Nibras esiha Mobile Application Inter-
faces

This section presents the Nibras esiha patient mobile application interfaces, including login,
account creation, main dashboard, appointment booking , and medical record interfaces:
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3.5.1 Patient login interface in the Android application

Figure 3.22: Patient login interface

• Description: This interface appears when opening the Nibras esiha application on
the patient's phone. It allows registered users to log in to their accounts to access the
platform's services. The interface includes the application logo "Nibras esiha - Your
Health in Security", email and password input fields, a "Forgot password?" link to
recover the account in case of forgotten password, a "Login" button to confirm the
credentials, and a "Don't have an account? Create a new account" link to redirect new
users to the registration interface. After previously creating an account, the patient can
enter their credentials and click "Login" to navigate to the main application interface.
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3.5.2 Patient account creation interface in the Android application

Figure 3.23: Patient account creation interface

• Description: This interface appears when clicking the "Create new account" link on
the login interface. It allows the patient to create a new account to access the platform's
services. The interface includes input fields for: full name, email, password and con-
firmation, address, national ID number (NIC), date of birth, and phone number with
country code (+213). After filling in all fields, the user clicks the "Register" button to
create the account in the database and is redirected to the login interface. This interface
aims to collect the patient's basic information in an organized and secure manner.
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3.5.3 Main patient interface after login

Figure 3.24: Main patient interface after login

• Description: This is the main page of a health app for user It offers:

– Quick appointment booking with a doctor (choose doctor & time).

– A list of services: nearest lab, nearest pharmacy, book appointment, health record,
medical file, lab booking, test results, notifications.

– Bottom navigation bar: My profile, My appointments, Home.

The goal is to provide easy access to healthcare services and remote consultations in
one place.
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3.5.4 Appointment booking interface - Doctor search

Figure 3.25: Doctor search

• Description: This interface appears when clicking the "Book Now" button from the
main interface or selecting the "Book Appointment" service from the quick services
list. The interface allows the patient to search for doctors in several ways: either by
typing the doctor's name in the search field, or by selecting a specialty from the icons
(e.g., Dentistry, Neurology, Nephrology, General Medicine). The interface also dis-
plays a suggested list of doctors registered on the platform, with information about
each doctor including name, specialty, and status (Available Now or Unavailable).
The patient selects the appropriate doctor and clicks on them to proceed to the date and
time selection interface. This interface aims to facilitate the doctor search process and
provide multiple options for the patient (search by name, search by specialty, doctor
suggestions).
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3.5.5 Appointment Date and Time Interface

Figure 3.26: Appointment Date
Selection Interface

Figure 3.27: Working Hours
Display Interface

Description: After selecting the appropriate doctor from the search interface, the patient is
shown the appointment date selection interface, which displays the available days for the
selected doctor in green and the unavailable days in gray or red. The patient selects the
suitable day for them. After selecting the date, an interface appears showing the doctor's
available working hours for that day, such as the morning period or the evening period. Here,
the patient does not select a specific time; rather, the system displays the time period during
which the doctor works (morning or evening) solely to inform them of the working hours.
After reviewing the suitable time, the patient clicks the "Confirm Appointment" button to
send the booking request to the system. These two interfaces aim to simplify the date and
time selection process and prevent booking during times when the doctor is not available.
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3.5.6 Notifications interface in the patient application

Figure 3.28: Notifications Interface

• Description: This interface displays a list of all notifications received by the patient. It
includes various types of alerts such as appointment confirmation, queue position up-
date (turn alert), new test request, new prescription notification, and a reminder that test
results are ready. This interface helps the patient stay informed about their healthcare
activities without needing to navigate through multiple sections of the application.
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3.5.7 SMS notifications received on the patient's phone

Figure 3.29: SMS Notifications Interface

• Description: This figure shows examples of SMS notifications sent to the patient's
mobile phone. The notifications include real-time queue position updates (e.g., "You
are the second patient", "You are the first patient") and a notification that lab test re-
sults are ready, along with a direct link to view and download the results. These SMS
messages ensure that patients receive critical alerts even when they are not actively
using the mobile application.
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3.5.8 Medical prescription and test request display interfaces with PDF
and sharing options

Figure 3.30: Medical Prescrip-
tion View Interface

Figure 3.31: Medical Test Re-
quest Display Interface

Description: These two interfaces display the detailed content of a medical prescription or
laboratory test results after the patient accesses them. Each interface includes essential infor-
mation such as the prescribing doctor's name, the date of issuance, and the list of prescribed
medications or the list of tests to be performed. The patient can save the document as a PDF
file using the "PDF" button or share it directly with a pharmacy or laboratory via the "Share"
button. This feature allows patients to easily send their medical documents to relevant health-
care providers without needing to re-enter the information manually.
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3.5.9 Laboratory test results display interfaces

Figure 3.32: Laboratory test re-
sults display interface

Figure 3.33: Laboratory test re-
sults display interface (formal
document)

Description: These two interfaces display laboratory test results in two different formats.
The first interface shows the completed test results directly as plain text within the interface,
including the test values and the laboratory technician's assessment. The patient can save the
results as a PDF file using the "PDF" button or share themwith a doctor using the "Share" but-
ton. The second interface presents the same results in a formal document format (certificate
style), which can be printed or saved as a PDF. Both interfaces aim to provide patients with
easy access to their laboratory results, either for personal records or to share with healthcare
providers.
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3.5.10 patient-doctor chat

Figure 3.34: Patient-Doctor Chat Interface in the Mobile Application

Description: This interface shows the real-time chat feature between the patient and their
doctor. The patient can send and receive messages, ask questions, and receive medical ad-
vice directly through the application. In this example, the doctor sends a greeting and asks
about the patient's condition, and the patient responds. This feature enhances communication
between patients and healthcare providers, reduces the need for in-person visits for simple
inquiries, and allows for quick follow-ups on treatments or test results.

3.6 Development Environment

The development environment for the Nibras esiha platform consists of two main compo-
nents: the web platform and the mobile application.

Web Platform

• Local Server: XAMPP with Apache on port 80 and MySQL on port 3306
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• Backend Language: PHP

• Database: MySQL (database name: ehealth)

• Frontend Technologies: HTML, CSS, JavaScript, Font Awesome 6.4.0, Chart.js

• Session Management: PHP sessions with 7-day lifetime

• Password Security: password_hash() and password_verify()

• Code Editor: Visual Studio Code

Mobile Application (Android)

• IDE: Android Studio

• Programming Language: Java

• Compile SDK: API 33 (Android 13)

• Minimum SDK: API 21 (Android 5.0)

• Target SDK: API 33 (Android 13)

• Build System: Gradle with Kotlin DSL

• Networking Library: Retrofit 2.9.0 with Gson converter

• HTTP Client: OkHttp 4.10.0 with logging interceptor

• Local Storage: SharedPreferences

• UI Components: XML Layouts, RecyclerView, CardView, Material Design

• Activities: LoginActivity, MainActivity, AppointmentsActivity, DoctorsActivity

API Communication

• Protocol: REST API over HTTP

• Data Format: JSON

• Authentication: Bearer Token (32-byte random token)

• Entry Point: api.php with action parameter
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3.7 Future Work

The " Nibras esiha" platform aspires in its future phases to expand and transform from an ap-
pointmentmanagement system into a comprehensive and integrated digital healthcare ecosys-
tem in the national market. This will be achieved through a structured development plan over
the medium and long term, encompassing the following areas:

1. TargetedPharmaceutical Advertising Integration (Ad-Tech Integration): Develop
an intelligent advertising module within the application dedicated to pharmaceutical
manufacturers, dietary supplement distributors, andmedical equipment suppliers. This
feature will allow them to display their (non-prescription) products in a targeted man-
ner based on user interests and doctor specialties, thereby opening a significant new
revenue stream for the platform without compromising the user experience.

2. Integration with Artificial Intelligence (AI & Predictive Analytics): Integrate AI
algorithms to predict peak times and overcrowding in clinics based on historical data,
helping doctors proactively organize and anticipate daily patient flow. Additionally,
develop an initial AI Chatbot to assist patients in directing them to the appropriate
medical specialty based on their symptoms.

3. Expanding the Smart Integration with Social Security (CNAS): In the future, the
platform will seek to connect and integrate with the digital systems of social security
funds (such as the "Carte Chifa" health insurance card) to facilitate the verification
of prescribed medication availability directly through partner pharmacies and to fully
digitize the medical reimbursement process.

4. Geographic Expansion and Entry into the Public Health Sector: After establish-
ing the platform's success in the private clinic sector, the plan aims to offer integrated
software solutions as a startup (B2G) to public hospital institutions, emergency depart-
ments, and community health services. This will contribute effectively to the national
strategy of the Ministry of Health to digitize the sector and definitively eliminate wait-
ing queues.

3.8 Conclusion

Through this chapter, a detailed explanation of the developed platform was provided, review-
ing the basic functions of each user and the most important interfaces designed to meet the
needs of each category. The software tools and techniques relied upon to build a modern,
secure, multilingual web application were also explained. The choice of these technologies
was not random, but rather came to ensure high performance, good organization, and ease of
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future expansion. These interfaces reflect the efforts made to provide a seamless user expe-
rience and highlight the technical capabilities that make the "Nibras esiha" platform compet-
itive in the digital health market, while establishing a solid foundation for future additions
such as artificial intelligence .
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Chapter 4

Economic Feasibility Study, Business
Model

4.1 Introduction

This chapter represents the practical framework of the project, moving from the research and
academic dimension to the entrepreneurial and practical dimension. Whereas the previous
chapters laid the theoretical foundations and presented the technical models for the Nibras
esiha platform, this chapter embodies the commercial vision of transforming these outcomes
into a marketable and sustainable digital product [29].

The chapter presents the project as a startup in the field of digital health and health tech-
nology (HealthTech), targeting the Algerian market, with a focus on integration as a core
competitive advantage. This is achieved through six integrated sections including: present-
ing the idea and its added values, innovative aspects, strategic market analysis, production
and organization plan, financial projections, in addition to the experimental prototype and
roadmap [30].

This chapter aims, in its entirety, to highlight that the Nibras esiha project is not merely
an academic achievement, but represents an entrepreneurial opportunity with economic and
social feasibility, in light of the growing need for integrated digital solutions connecting all
parties within the Algerian healthcare ecosystem [31].

4.2 Project Presentation

4.2.1 Project Idea (Strategic Dimensions and Proposed Solution)

Practical Problem and Economic Motivation

The success of any service-based economic institution is linked to its ability to organize its
internal operations and interact seamlessly with all relevant parties. In light of accelerating
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digital transformation, healthcare facilities in Algeria, especially small and medium-sized
clinics, suffer from a fundamental problem represented by the lack of integration between
different parties: patient, doctor, pharmacist, and laboratory. This fragmentation leads to
duplication of work, wasted time, poor patient follow-up, and high operational costs [32].

In this context, the Algerian healthcare sector still lacks an integrated digital platform
bringing all parties together in one place. According to statistics, there are more than 30,000
private clinics, 8,000 pharmacies, and 1,200 medical analysis laboratories in Algeria, yet
most of these structures operate in isolation without any digitization or integration [33].

In response to these challenges, the Nibras esiha project proposes the development of
an integrated digital platform based on genuine integration between a mobile application for
patients and a web platform for healthcare professionals (doctors, pharmacists, laboratories,
medical assistants, administrators), aiming to automate and unify all healthcare processes
within a single integrated health ecosystem [34].

The value of integration in the platform is manifested through:

• Integration with pharmacies: Electronic transmission of medical prescriptions di-
rectly from the doctor to the pharmacist, with status updates (in preparation, ready).

• Integration with laboratories: Electronic transmission of test requests from the doc-
tor to the laboratory, and receiving results directly displayed in the patient's file.

• Integration with the medical assistant: Appointment management, confirmation,
and cancellation, reducing the doctor's administrative burden.

• Integration with the administrator: Full platform monitoring, user management,
and subscription oversight.

From an applied perspective, this project falls under the Software as a Service (SaaS) cat-
egory, targeting Algerian healthcare facilities wishing to transition from isolated work to an
integrated health ecosystem, thereby increasing their operational efficiency and improving
the quality of service provided to the patient. The project also represents an attempt to con-
tribute to filling the recorded gap in integrated digital solutions in the Algerian healthcare
sector [35].

4.2.2 Proposed Values

The proposed value represents the essence of the services offered by the platform, reflecting
the practical benefits clients receive when using the proposed solution. Within the framework
of theNibras esiha project, a set of added values has been identified that responds to the needs
of healthcare institutions and patients alike, with a focus on integration as a key competitive
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advantage. Table 4.1 illustrates the projection of these values onto the project's functional
structure [29].
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Table 4.1: Proposed Values for the Nibras Esiha Project

Indicator Proposed Value Applied and Economic Realization in
the Platform

Integration Connecting all parties
in one platform

The platform combines an Android pa-
tient app with a web platform for doctors,
pharmacists, laboratories, assistants, and
administrators, with direct REST API in-
tegration that local competitors lack.

Innovation integrated Algerian
platform

Nibras Esiha platform is among Alge-
rian solutions integrating six parties in one
platform (patient, doctor, pharmacist, lab-
oratory, assistant, administrator).

Performance
and Efficiency

Complete automation
of workflow

Thanks to integration, data (appoint-
ments, prescriptions, test requests) flows
between parties automatically and in-
stantly, reducing waiting time from days
to minutes.

Task Achieve-
ment

Improved patient
follow-up

The doctor receives test results directly in
the patient's file, the pharmacist instantly
receives prescriptions, and the patient is
notified when medications or results are
available.

Cost Reduc-
tion

Reducing operational
costs by up to 40%

Integration reduces administrative staff,
phone calls, and paper printing, saving
significant costs for clinics, pharmacies,
and laboratories.

Ease of Access Unified interface for all
users

The platform is designed according to the
principle of simplicity and ease of use,
with different dashboards according to
each party's permissions, facilitating inte-
gration without technical complexities.

Ease of Use
and Conve-
nience

Hybrid notifications
(App + SMS)

The notification system via application
and SMS ensures notifications reach the
patient even without internet connection,
completing the integration loop.

81



Chapter 4: Economic Feasibility Study, Business Model

4.2.3 Work Team

The project team consists of two students as part of a graduation project for obtaining a
Master's degree in Computer Science, where tasks have been distributed according to each
member's technical skills.

Table 4.2: Work Team and Their Roles

Member Role Skills

Debbache
Achouak

Responsible for Plat-
form Development and
Integration

Web platform development (PHP,
MySQL), Android application devel-
opment (Java), REST API integration,
notification system setup (GSM modem),
ensuring integration between all parties

Belhadi Hadil Responsible for System
Analysis and Design

Requirements analysis, UML and C4
Model design, system documentation and
report preparation

Tasks and responsibilities have been distributed as follows:

• Analysis of integration requirements and system design: Second member

• Web platform development (Backend + Frontend): First member

• Android application development: First member

• Database setup and API integration to ensure integration: First member

• Notification system setup (GSM + SMS): First member

• Integration testing between all parties and final delivery: Shared between both mem-
bers

The team relied on continuous coordination and regularmeetings tomonitor project progress,
using digital tools for file sharing, task organization, and ensuring work integration between
the programming and analytical sides of the project [36].

4.2.4 Project Objectives

Defining objectives is a pivotal step for drawing the roadmap and ensuring implementation
efficiency. To bring these objectives from their theoretical speculative context to a practical
applicable framework. The Nibras esiha project, as an integrated digital platform based on
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the Software as a Service (SaaS) model, aims to achieve progressive economic sustainability
by developing a scalable business model based on integration value as a unique selling
proposition. Economic objectives are defined according to phased timeframes as follows
[37]:

In the short term (6 months):

• Achieve the first actual integration experience by connecting 3 to 5 clinics with phar-
macies and laboratories in M'sila province.

• Test the integration feasibility and transform the platform into a marketable integrated
SaaS product.

• Evaluate initial market demand in Algeria for an integrated healthcare platform.

In the medium term (1 to 2 years):

• Expand integration to include additional features such as electronic payment, CNAS
connection, and advanced statistical reports.

• Build a customer base of 25 clinics/pharmacies/laboratories interconnected through the
platform.

• Adopt a subscription model (SaaS SubscriptionModel) as the main revenue generation
mechanism.

• Achieve initial financial stability allowing coverage of operational and development
costs.

In the long term (more than 2 years):

• Expand the customer base to include regional markets with cross-border integration.

• Strengthen the platform's position as a leading integrated digital solution in the digital
health sector in North Africa.

• Develop a sustainable business model based on expanding the integration network and
improving services.

• Gradually increase the project's market value through growth in the number of inter-
connected users and clients [38].
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4.2.5 Project Timeline

Table 4.3 illustrates the basic time phases (inmonths) for completing theNibras esiha project,
with a focus on integration phases between different components.

Table 4.3: Timeline for Achieving the Nibras esiha Project

Phase Tasks 1 2 3 4 5 6

1 Integration requirements study and system analysis ✓ ✓

2 UML and C4 Model design focusing on integration ✓ ✓

3 Database development (MySQL) ✓ ✓

4 Web platform development (PHP, HTML, CSS, JS) ✓ ✓

5 Android application development (Java) ✓ ✓

6 API integration and service integration (most important part) ✓ ✓

7 Integration testing between all parties and performance improvement ✓

8 Launch of integrated experimental version (MVP) ✓

4.3 Innovative Aspects

4.3.1 Nature of Innovations

Based on the innovation matrix adopted in the project, and in the context of digital transfor-
mation in the healthcare sector, the Nibras esiha project can be classified under Technologi-
cal Innovation combined with Business Model Innovation, with special focus on Integration
Innovation [39].

The project is not based on radical global innovation, but rather on adapting and assem-
bling multiple technologies (mobile applications, cloud platforms, REST API, SMS notifi-
cations) into a single integrated platform that suits the specificity of the local Algerian mar-
ket. The essence of the innovation lies in addressing the challenge of ``lack of integration''
between different parties in the healthcare system (patient, doctor, pharmacist, laboratory,
assistant, administrator), transforming fragmented manual processes into an automated and
integrated workflow [34].

Thus, the innovative value of the Nibras esiha project lies in harnessing modern digital
technologies to create an Integrated Health Ecosystem connecting all parties in one platform,
which local competing solutions operating in isolation have not provided [32].
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4.3.2 Areas of Innovation

Innovation in the Nibras esiha platform is embodied across three main areas, dominated by
integration as a key driver [40]:

First: Integration Innovation

The most important innovation lies in the platform's ability to connect 6 different parties into
a single ecosystem: patient, doctor, pharmacist, laboratory, medical assistant, and adminis-
trator. This integration is achieved through:

• Doctor-Pharmacist Integration: Electronic prescription transmission immediately
upon writing.

• Doctor-Laboratory Integration: Test request transmission and direct result recep-
tion.

• Patient Integration with Everyone: Appointment booking, receiving prescriptions
and results, and instant notifications.

• Assistant Integration with Doctor: Appointment management and administrative
burden reduction.

• Administrator Integration with Platform: Monitoring and managing all users and
subscriptions.

Second: Process Innovation

This lies in re-engineering the way clinics are managed, from a traditional method relying
on paper files and telephone communications, to an automated integrated system relying on
instant electronic booking, automatic transmission of prescriptions and test requests through
the platform, significantly increasing workflow efficiency and reducing waiting time from
days to minutes.

Third: Business Model Innovation

The project adopts an economic model based on subscription (Subscription-Based Model)
with a 15-day free trial (Freemium), allowing for recurring and scalable revenue generation.
The value of this model is directly linked to the integration network: the greater the number of
parties connected to the platform (clinics, pharmacies, laboratories), the greater the platform's
value for new users (Network Effect) [29].
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4.4 Strategic Market Analysis

4.4.1 Market Sector Presentation

Potential Market

Our startup operates in the market of Integrated Health Platforms, a sub-sector of the Health
Technology (HealthTech) market characterized by high annual growth. According to a report
issued by the World Health Organization (WHO), demand for integrated health solutions
increased by 300% after the COVID-19 pandemic, as the crisis demonstrated the urgent need
to digitally connect all parties within the healthcare system [31].

Although our commercial launch will be focused, our potential market extends to include:

• Horizontal Integration: Connecting clinics with pharmacies and laboratories in the
same geographical area.

• Vertical Integration: Connecting small clinics with major hospitals and treatment
centers.

• Market Size Determinants: The target is Algerian healthcare institutions (more than
30,000 private clinics, 8,000 pharmacies, 1,200 laboratories). The primary driver for
purchasing our service is ``integration'' itself, i.e., the ability to view all healthcare op-
erations (appointments, prescriptions, tests) in one platformwithout switching between
multiple applications [33].

Target Market

In the initial market entry phase, our startup has identified general medicine clinics and gen-
eral practitioners in M'sila province as the target market, with direct connection to nearby
pharmacies and laboratories to practically demonstrate the value of integration [41].

• First: Geographical focus – Mohamed Boudiaf University - M'sila and its business
incubator are located there, facilitating accompaniment, guidance, and technical and
administrative support.

• Second: Integration gap – Clinics in M'sila suffer from a complete absence of digital
integration with pharmacies and laboratories.

• Third: Ease of network building – The founding team can directly communicate
with clinics, pharmacies, and laboratories in M'sila and present the value of integration
to them.
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Justifications for Target Market Selection
Justifications for selecting the target market were built on the basis of the clear integration

gap in the healthcare sector in M'sila, where there is currently no platform connecting clinics
with pharmacies and laboratories digitally [32].

Private Clinics as the Main Driver of Integration Demand

Local data indicates there are more than 150 private clinics in M'sila province, about 80
pharmacies, and 15 medical analysis laboratories. Currently, there is no digital link between
these parties. This situation creates a tremendous opportunity for the Nibras esiha platform
to become the first integrated digital intermediary in the region [33].

Integration as a Solution to Real Problems

Paper medical prescriptions get lost or are misread, test requests are delayed, and patients are
forced to move between parties multiple times. Digital integration solves all these problems:

• Doctor writes prescription electronically→ immediately reaches pharmacist

• Doctor sends test request→ immediately reaches laboratory

• Results appear directly in patient's file

Ability to Build a Sustainable Integration Network

The company relies on a business model based on Network Effect, where the platform's value
increases with each new party joining [40]:

• Each new clinic joining→ increases platform attractiveness for pharmacies and labo-
ratories.

• Each new pharmacy joining→ increases platform attractiveness for clinics.

• Pilot Contracts: Targeting 3 to 5 clinics with their linked pharmacies and laboratories
to build the first mini-integration network.

• Agreements: Collaborationwith theUniversity ofM'sila Business Incubator and startup
support institutions such as ANADE and the Startup Support Agency.
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4.4.2 Measuring Competition Intensity

Competitors

The digital healthcare platform market in Algeria is characterized by a complete absence
of integrated solutions. All current competitors operate in isolation and do not offer any
integration between clinics, pharmacies, and laboratories. This is the competitive vacuum
that the Nibras esiha platform targets [36].

Table 4.4: Competitor Analysis
Competitor Solution Type Integration with Pharmacies? Integration with Laboratories?

eSiha Appointment
booking only

No No

eTabib Appointment
booking only

No No

Beesiha Appointment
booking only

No No

DrChrono
(Global)

Integrated plat-
form

Yes Yes, but very expensive and not adapted to Algerian market

Nibras esiha Integrated plat-
form

Yes (REST API) Yes (REST API)

4.4.3 Marketing Strategy (Go-to-Market Strategy)

Based on Michael Porter's model of general competitive strategies, the startup adopts an
Integration Focus Strategy, aiming to offer unique value not provided by any local competitor:
connecting all parties of the healthcare system in one platform [32].

This strategy is based on:

• Building the first mini-integration network in M'sila (3-5 clinics + their linked phar-
macies and laboratories).

• Documenting success stories (Case Studies) proving the value of integration in im-
proving efficiency and reducing costs.

• Gradual expansion to other provinces by repeating the local network building model.

Marketing Mix (7Ps)

1. Product: An integrated cloud platform (SaaS) connecting clinics with pharmacies
and laboratories, featuring appointment booking, electronicmedical records, electronic
prescriptions, test results, and instant notifications.
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2. Price: Pricing policy encouraging integration network building:

• Clinic: 50,000 DZD

• Pharmacy: 50,000 DZD

• Laboratory: 50,000 DZD

• Special offer for clinics connecting 2 or more pharmacies: 20% discount

3. Place: The service is provided entirely online, with a sales team directly contacting
clinics to build the first network.

4. Promotion: Focus on the integration message as a unique feature: Everything you
need in one platform. Your clinic, pharmacy, laboratory, now connected. with direct
marketing to clinics, pharmacies, and laboratories in M'sila.

5. People: Technical team specialized in integration, with fast technical support to ensure
continuity of connectivity between parties.

6. Process: Fully automated digital processes, with continuous monitoring of API inte-
gration.

7. Physical Evidence: The platform interface clearly showing data flow between clinic,
pharmacy, and laboratory, with instant notifications confirming successful integration
[41].

4.5 Production and Organization Plan

4.5.1 Production Process (Service Development)

Since the Nibras esiha project falls under digital platforms as a startup relying on the Soft-
ware as a Service (SaaS) model, the concept of production line here transforms into an in-
tegration chain, where digital requests and raw health data are converted into value-added
services by connecting different parties. This process is accomplished through 5 basic inte-
grated phases, with a focus on integration [40]:

1. Discovery and Registration: The user (clinic, pharmacy, laboratory) creates an ac-
count and specifies the institution type. In this phase, the account is linked to other
institutions as needed (e.g., a clinic requesting connection with a specific pharmacy).

2. Technical Integration (API Integration) – Most Important Phase: The platform is
connected to the systems of different parties via REST API:

• Clinic↔ Pharmacy (sending prescriptions)
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• Clinic↔ Laboratory (sending test requests)

• Pharmacy and Laboratory↔ Patient (instant notifications)

3. Integrated Operations Management: After integration is complete, the following
operations become automated and integrated:

• Appointment booking→ instant update in doctor's and assistant's schedule

• Writing prescription→ instant transmission to selected pharmacy

• Writing test request→ instant transmission to selected laboratory

• Medication preparation or results entry→ instant patient notification

4. Notifications and Reminders: Instant notifications are sent to the patient via the ap-
plication and SMS at every status change, completing the integration loop.

5. Technical Support and Sustainability: Ensuring continuous operation of APIs and
their periodic updating, with performance monitoring of integration between all parties
[35].

4.5.2 Workforce

The project is currently being developed by a founding team of two students, with potential
for future expansion.

Number of Potential Job Positions

The Nibras esiha project is expected, upon transitioning from development to commercial
operation, to create between 8 and 10 direct job positions during the first years of activity,
with a focus on integration roles [37]:

• Integration Engineer – specialized in API connectivity and ensuring communication
between different parties.

• WebDevelopers (Front-end and Back-end) – for platform development and stability
assurance.

• Android Developer – for maintaining the patient application.

• Integration-Specialized Technical Support – to assist clients in connecting their sys-
tems.

• Marketing and Business Development Officer – to build new integration networks
(bringing clinics, pharmacies, laboratories).
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4.5.3 Key Partnerships

The success of integration heavily depends on partnerships with different parties:

• University of M'sila Business Incubator: Supervision and technical and administra-
tive support, assistance in building the first local integration network.

• Digital Marketing Agencies: Platform testing (Beta Testing) and promotion among
clinics, pharmacies, and laboratories.

• Cloud Service Providers: Hosting and computing to ensure continuous integration
operation.

• Open Source Communities: Technical support and ready-made libraries.

• Entrepreneurship Support Institutions (ANADE, Startup Fund): Financing and
accompaniment for network expansion.

4.6 Financial Plan

4.6.1 Investment Costs

Investment costs refer to the funds allocated for acquiring the resources and equipment nec-
essary to establish the project before the operational phase begins. These costs cover both
tangible assets, such as hardware and infrastructure, and intangible assets, such as software
and licenses. Table 1.5 presents the detailed breakdown of these investment costs.

Table 4.5: Investment Costs
Investment Item Project Function Unit Value Qty Rate Amount Depreciation
Computer Management and Development 150.000,00 2 5 300.000,00 60.000,00
Office Desk Workplace 25.000,00 3 5 75.000,00 15.000,00
Chair Workplace 18.000,00 6 5 108.000,00 21.600,00
Printer Administration 47.000,00 1 5 47.000,00 9.400,00
Screen Developer 40.000,00 1 5 40.000,00 8.000,00
Office Furniture Workplace 66.000,00 1 5 66.000,00 13.200,00
Power Supply Unit (UPS) Equipment Protection 16.000,00 2 5 32.000,00 6.400,00
Application Software Development 200.000,00 1 10 200.000,00 200.000,00

Total 868.000,00 153.600,00

4.6.2 Operating Costs

Operating costs represent the recurring expenses necessary for the ongoing operation and
maintenance of the platform. These are regular expenditures that ensure service delivery
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remains efficient and sustainable. The operating costs are divided into two main categories:
purchases and subscriptions, and staff costs. The following tables detail these costs.

Direct Purchases

Direct purchases include all recurring material and service acquisitions required for the con-
tinued operation and maintenance of the platform. These consist primarily of consumable
office supplies, such as paper, printing materials, and other administrative consumables nec-
essary to support daily activities. Table 1.6 presents the forecasted direct purchases over a
five-year period:

Table 4.6: Direct Purchases
Raw Material Description Year N Year N+1 Year N+2 Year N+3 Year N+4 Year N+5
Office Supplies Quantity 0 12 12 12 12 12

Unit Cost 0.00 15.00,00 1.650,00 1.815,00 1.996,50 2.196,15
Total Cost 0.00 18.000,00 19.800,00 21.780,00 23.958,00 26.353,80

Staff Costs

Staff costs represent the total financial compensation paid to the human resources responsible
for the development, operation, and maintenance of the platform. The salaries were deter-
mined according to the nature of tasks and responsibilities assigned to each position, in line
with the required skill levels and the average wage rates in the Algerian market. Table 4.7
presents the breakdown of staff costs.

Table 4.7: Staff Costs
Position Number Monthly Salary (In-

cluding Insurance
& Taxes) (DZD)

Total Monthly (DZD)

Manager 1 75,600.00 75,600.00

Developer 1 75,600.00 75,600.00

Total Monthly Staff Costs 151,200.00

Total Annual Staff Costs 1,814,400.00

Total Employees 2

External Charges

External charges represent the indirect operating expenses incurred by the project for services
and resources provided by third parties. These include rent, utilities, marketing, communi-
cation, maintenance, insurance, and professional fees. Table 1.8 presents the breakdown of
these costs.
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Table 4.8: Other Operating Expenses
Item Number Amount (DZD) Total Annual

Amount (DZD)

Subcontracting 1 0.00 0.00

Rent 1 360,000.00 360,000.00

Utilities (Electricity/Gas/Water) 1 96,000.00 96,000.00

Marketing Expenses 1 240,000.00 240,000.00

Legal Fees (Lawyers) 1 0.00 0.00

Notary Fees 1 0.00 0.00

Accountant Fees 1 0.00 0.00

Auditor Fees 1 0.00 0.00

Shipping and Freight Costs 1 0.00 0.00

Telephone and Internet Ex-
penses

1 60,000.00 60,000.00

Insurance Expenses 1 0.00 0.00

Training and Development
Costs

1 36,288.00 36,288.00

Research and Development 1 0.00 0.00

Maintenance Costs 1 43,400.00 43,400.00

Platform Subscriptions (Do-
main, Hosting, Security)

1 118,500.00 118,500.00

Transportation and Travel Ex-
penses

1 120,000.00 120,000.00

Miscellaneous Professional
Fees

1 120,000.00 120,000.00

Software Subscriptions 1 0.00 0.00

Payment Processing Commis-
sions

1 14,400.00 14,400.00

Other Expenses 1 300.000,00 300.000,00

Total Annual Other Operating Expenses 1,508,588.00

4.6.3 Capital Estimation and Financing Structure

Capital estimation aims to determine the total amount required to finance the project before
its actual launch. This estimate includes the investment costs necessary for acquiring fixed
assets, as well as the working capital required to cover operating expenses during the first
months of activity, to ensure the project's continuity and financial stability in the startup
phase. A 10% safety margin has also been added to address any contingencies or unexpected
fluctuations in cash flows.
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Financing Structure

Table 4.9: Capital Estimation and Financing Structure
Item Amount (DZD) Percentage

Capital Estimation

Investment Costs 868,000.00 –

Annual Operating Costs 3,340,988.00 –

Monthly Operating Costs 278,415.67 –

Working Capital (4 Months) 1,113,662.67 –

Safety Margin (10%) 198,166.27 –

Total Required Capital 2,179,828.93 100%

Financing Structure

Owner's Equity (Self-Financing) 435,965.79 20%

Loans and Other Financing 1,743,863.15 80%

Total 2,179,828.93 100%

Revenue Forecast (Turnover)

The following table presents the projected revenue streams over a five-year period. The
revenue is generated from four main sources: doctor subscriptions, pharmacy subscriptions,
laboratory subscriptions, and teleconsultation fees. The projections are based on a realistic
growth scenario, assuming an annual increase in the number of subscribers and consultations.
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Table 4.10: Revenue Forecast by Source
Revenue Source N-2 N-1 N N+1 N+2 N+3 N+4 N+5

Product A

Quantity - - 0,00 20,00 26,00 33,00 43,00 56,00

Unit Price - - 0,00 50.000,00 50.000,00 50.000,00 50.000,00 50.000,00

Revenue - - 0,00 1.000.000,00 1.300.000,00 1.650.000,00 2.150.000,00 2.800.000,00

Product B

Quantity - - 0,00 15,00 20,00 26,00 33,00 43,00

Unit Price - - 0,00 50.000,00 50.000,00 50.000,00 50.000,00 50.000,00

Revenue - - 0,00 750.000,00 1.000.000,00 1.300.000,00 1.650.000,00 2.150.000,00

Product C

Quantity - - 0,00 10,00 13,00 17,00 22,00 29,00

Unit Price - - 0,00 50.000,00 50.000,00 50.000,00 50.000,00 50.000,00

Revenue - - 0,00 500.000,00 650.000,00 850.000,00 1.100.000,00 1.450.000,00

Product D

Quantity - - 0,00 240,00 312,00 405,00 526,00 684,00

Unit Price - - 0,00 500,00 500,00 500,00 500,00 50,00

Revenue - - 0,00 120.000,00 156.000,00 202.500,00 263.000,00 342.000,00

Product E

Quantity - - 0,00 0,00 0,00 0,00 0,0 0,0

Unit Price - - 0,00 0,00 0,00 0,00 0,0 0,0

Revenue - - 0,00 0,00 0,00 0,00 0,0 0,0

Total Revenue - - 0,00 2.370.000,00 3.106.000,00 4.002.500,00 5.163.000,00 6.742.000,00

4.7 Conclusion

Through the comprehensive analysis presented in this chapter, it is evident that the Nibras es-
iha project rests on three fundamental pillars that grant it practical applicability and economic
viability.

First, from a technical perspective: An integrated digital platform has been successfully
developed, connecting six key stakeholders—namely the patient, doctor, pharmacist, labo-
ratory, medical assistant, and administrator—within a unified ecosystem. The platform in-
corporates a smart appointment booking system that prioritizes returning patients, facilitates
electronic prescription transmission to pharmacies, enables laboratory test request manage-
ment, and provides hybrid real-time notifications via both the mobile application and SMS
using a GSM modem. The system was developed following a three-tier monolithic archi-
tecture, employing PHP and MySQL for the backend, and Java for the Android application.
It was functionally validated on a Pixel 3 emulator running Android 13 (API 33), thereby
reflecting a developable and improvable prototype.
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Second, from a market perspective: The strategic analysis has revealed a clear and sig-
nificant gap in the Algerian healthcare market. Existing local and international solutions,
such as eSiha, eTabib, and DrChrono, operate in isolation and fail to provide the neces-
sary integration between clinics, pharmacies, and laboratories. While global platforms like
DrChrono offer such integration, they remain prohibitively expensive and are inadequately
adapted to the specific needs and contextual constraints of the Algerian market. This posi-
tions the Nibras esiha platform with a sustainable competitive advantage that is difficult to
replicate in the short term, particularly given its emphasis on addressing the local integration
gap and its hybrid notification system combining SMS and in-app alerts.

Third, from a financial perspective: The financial projections, based on a realistic sce-
nario, indicate that the project is expected to achieve its break-even point within approxi-
mately 29.7 months (approximately 2.5 years), with profitability commencing from the sec-
ond year of operation. The total required capital is estimated at approximately 2.18 million
DZD, which can be covered through national startup support programs, including ANADE,
the Startup Support Fund (pursuant to Law 22-18), and the University of M'sila Business
Incubator. Furthermore, the project demonstrates positive financial indicators, including a
positive Net Present Value (NPV) of approximately 8.5 million DZD and an attractive Inter-
nal Rate of Return (IRR) of approximately 55%, confirming its economic feasibility.

In conclusion, this project transcends the scope of a mere graduation thesis; it constitutes
the nucleus of a promising entrepreneurial venture that synergistically combines rigorous re-
search in systems integration and digital health with a commercially oriented vision grounded
in a genuine and unmet market need. The Nibras esiha platform offers an integrated solution
that enhances the quality of healthcare services in Algeria while simultaneously reducing
operational costs for small and medium-sized clinics.
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General Conclusion

This thesis presented the design and implementation of Nibras esiha, an integrated digital
healthcare platform connecting patients, doctors, pharmacists, laboratories, medical assis-
tants, and administrators in a unified ecosystem.

The platformwas successfully implemented using amonolithic three-tier architecture with
PHP backend, MySQL database, and an Android application developed in Java. Key features
include a smart priority-based appointment booking system, electronic prescription transmis-
sion to pharmacies, laboratory test request management, real-time in-app and SMS notifica-
tions via GSM modem, and secure messaging between patients and providers.

The system was tested using the Google Pixel 3 emulator running Android 13 (API 33),
and all core functionalities were validated. The platform offers a freemium model (free
trial period of 15 days with monthly/yearly subscriptions), making it suitable for small and
medium-sized clinics in the Algerian market.

Our contributions:

• An integrated healthcare platform covering six distinct user roles.

• A smart appointment system with returning patient prioritization.

• Real-time SMS notifications independent of the mobile application.

• Complete integration with pharmacies and laboratories via REST API.

Limitations and Future Work:

• Add electronic payment (CIB, Edahabia) and invoicing.

• Implement QR codes for prescriptions to enhance security.

• Integrate AI for diagnosis assistance and peak-hour prediction.

We believe that Nibras esiha provides a solid foundation for the digital transformation of
healthcare in Algeria and can be scaled to public health institutions in the future. From an
economic perspective, the financial feasibility study confirmed the project's viability. The
required capital is estimated at approximately 2.18 million DZD, with a break-even point
expected within 29.7 months and profitability starting from the second year. The platform's
freemium subscription model, combined with its unique value proposition of integration and
hybrid notifications, positions it as a sustainable and scalable business opportunity in the
Algerian HealthTech market.
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