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ABSTRACT

Easy access to information plays a crucial role in daily life, especially in industrial
and manufacturing environments. In this area, engineers rely on a machine's data because
it provides them with information about behavior, status changes, or detected anomalies,
and allows them to take immediate action. When this information is not readily
available—especially if engineers have to manually check the machine or frequently
monitor the computer in the office to check if there's an anomaly—it becomes time-
consuming and inefficient, particularly if they are away from the computer. These delays
can negatively affect productivity and overall efficiency. Therefore, having a system that
enables quick access to real-time machine data and alert retrieval is essential to support
engineers' decision-making and improve response time, especially in critical situations.

Building a MES can be one of the solutions. Utilizing a web-based application
allows the user to easily get information about a machine, with automatic scheduling and
notifications. Web programming has advanced over time. Utilizing this advancement,
creating a solution such as a web-based Manufacturing Execution System (MES)
platform can be useful to overcome this challenge. The integration of an automation
system into the platform also allows users, particularly engineers and supervisors, to
access important machine information and receive timely alerts through a centralized and
user-friendly interface.

In this project, a modular MES web application was developed using Flask as the
framework. The access control system implemented so that users can only access features
permitted by their role—for example, Admins can manage user accounts, while

Supervisors and Technicians have restricted access based on responsibilities. To support



quick response in critical situations, the platform includes a real-time alerting mechanism
that notifies users of important events such as machine anomalies or value changes.
These alerts are delivered through both the web interface and Telegram, with specific
notifications sent directly to targeted users based on their roles. This integration enables
technicians and supervisors to stay informed and take action even when they are not
actively monitoring the system.

The findings of this project highlight how a modular MES platform can serve as a
valuable tool for manufacturers who need real-time access to operational data. By
automating reporting and integrating notification systems, the platform enhances both
visibility and responsiveness, ultimately contributing to increased productivity and

operational efficiency in manufacturing environments.



TABLE OF CONTENTS

DEDICATION. .....ooiiiieieiee ettt ettt et e et e b e et esaeeseeneeeseenseeneas

ACKNOWLEDGMENTS ..ottt

LIST OF TABLES ...ttt sttt e se s

LIST OF FIGURES .......oooiiieee ettt ettt se s
CHAPTER

.. INTRODUCTION.......ooiiiiiiiietee ettt et

1.1 Background of the Project ..........cooceeiiiiiiiiiiiieeeceeee e,

1.2 Problem FOormulation ...........ccccoeoierieniniinienieieceeeesecee e

1.3 Solution EMployed.........ccooveviiiiiniiniiiiiiicececceceee e

I, SYSTEM ANALYSIS ..ottt

2.1 Existing and Proposed System..........cccceverieniineniiniinenieneeneeenens

2.1.1 Existing and Proposed System..........ccccceevviieeriieencieeenieeennen.

2.1.2  Proposed Business Process ..........cceeeevieenienieeiienieeienieeenn

2.2 Global Description of the Product ...........cccoeeviieeiiiiniiiieiieeieeees

2.2.1 Main Functionality ........cccccooeereiniirienienenieneeiceeeeieeseeeeneeens

2.2.2  User CharacteriStiCs ........ccoueerueerieriiienieeniienieeiee e

2.2.3  CONSIIAINES ....eeiiieiieeiie ettt ettt ee e e seeeeneeas

2.2.4 Product Operational Environment ...........ccccceevevveencieernneeennnnn.

23 Material Non-Functional Requirements ..........c..cocceveeveriiiniincnncnnns

2.4 Specification TESHING ......c.eeevvviiieiieiriie ettt

I DESIGN ..ottt ettt s sae e

3.1 Rational / Systematic DeSign .........ccceeevvieeciiieiieeeieeeieeeee e

3.1.1  Comparison Tables .........cccceevuieniiiiiieniieiieie e

3.1.2 Quantitative Solution Selection ............cccceeevieieeiiiiiiiiiiieeeens

3.1.3  Solution Selection ............oceveevieriiniiniinieneceneee e

3.2 Hierarchical/Iterative Design .........ccceeevieeeiieeeiiieeieecieeeee e

3.2.1 0-Level Data Flow Diagram ...........c.cccceevueenienciienieeieeneenenn

3.2.2 1-Level Data Flow Diagram ...........cccccceevviieniieencieeeieeeieeens

v

Page

il

i1



IV.

32.2.1 1-Level DFD User Management

3222 1-Level DFD Authentication

3223 1-Level DFD Password Management

3224 1-Level DFD End-of-Shift Reporting

3225 1-Level DFD Notifications

3.2.2.6 1-Level DFD Chatbot

3.2.2.7 1-Level DFD Profile Management
3.2.3 2-Level Data Flow Diagram ...........ccccoceeevvienieecieenieeiienreenenn

32.3.1 2-Level DFD User Management

3232 2-Level DFD Authentication

3233 2-Level DFD Password Management

3234 2-Level DFD End-of-Shift Reporting

3.2.35 2-Level DFD Notifications

3.2.3.6 2-Level DFD Profile Management

3.2.4 Hardware Configuration ..........ccccoecueevieniieniinsiienieeeesee e
3.2.5 Software Engineering Design .........ccccovveevvierieeciienieeieeereennen.
3.2.6 Components Referenced and Library Used ..........cccccceeeenneene.
3.2.7 Modelling Chart..........ccceerieeiiienieeiieeieere e

3.2.7.1 Use Case Diagram
3.2.7.2 ERD Diagram
32.73 Data Dictionary
3.2.74 Activity Diagram

IMPLEMENTATION .....ooiiiiiiiiiiiiiieneeeeeneee et
4.1 Design Implementation............cceeeeieeeiiieeiieeeieeeiieeeiee e
4.1.1 Functions/Procedure/Class Implementation ..............c.ccueennee.
4.1.2 User interface implementation...........ccccceeeveveerciveenceeencieeennneen.
4.1.2.1 General User Interface Implementation
4.1.2.2 User Interface Implementation with Role-Based
Access Control
4.2 Manual GUIE.........cooiiiiiiiiiiiiiiieee e
4.2.1 System Build Documentation from The Source (Developer
PerSPECIVE) ...eiieiiieiiieeiiee et
4.2.2 USET GUIAEC ..ottt
TESTING ...ttt ettt ettt e e e e naeeneas
5.1 Functional TeStiNg .......c.cooieiiiiiiiiiiieiieeie et
5.1.1 Functional Testing Results..........cccccoeveeeviieeiiiieeiieeieeeeeeee
5.1.2  Evidence Of TeStS.....ccceeveriiriiiiinienieeiereeieeeseeee e
5.1.2.1 Summary Report Generation Testing
5.1.2.2 New Telegram User Chat ID Automatically Inserted into DB
Testing

35
35
35
36
36
36
36
37
37
37
37
38
38
39
39
39
41
44
44
45
45
52

53

53
53
82
82



5.1.2.3

Role-Based Access Control Testing

5.1.2.4 User Authentication Testing
5.1.2.5 Reset Password for a New User Testing
5.1.2.6 Verification Code for Password Changing Testing
5.1.2.7 Unregistered URL Testing
5.2 Testing Other SpecifiCations...........cceeveeeiierierciienieeieeeee e
5.2.1 Non-Functional Specifications Testing Results.......................
VI, CONCLUSION ...ttt ettt st ae e
REFERENCES ..ottt ettt sae e e esaesneeseennas

vi



TABLE

2.1

3.1

3.2

33

3.4

3.5

3.6

3.7

4.1

4.2

4.3

4.4

5.1

5.2

LIST OF TABLES

Page
USET CharaCteriStICS ....euvererieriietietesiterieet ettt sttt ettt ee e e eaees 19
Comparison of Website Implementation...........c.ceecuvevieeeiienieenieniieeieeenens 30
Quantitative Solution for Website Implementation Selection....................... 32
Data Dictionary of Users Table.........cccovveeiiiiiiiiieiieeieeieeceeeeeee e 45
Data Dictionary of Employees Table .........cccooveviieiieniiieiiieiieieeieeeeee 46
Data Dictionary of Verification Code Table ..........cccccccvveiiiiviiivieniiciieee, 47
Data Dictionary of Notifications Table ...........ccceceevieriiieiieiiiieieeiecieees 48
Data Dictionary of End-of-Shift Reporting Logs Table............ccccvevevreenneen. 49
Functions/Procedure/Class Implementation............ccccceeevveeeiieeniieencieeennnnn. 53
User Interface Implementation ............ccceeevvieeiiieenieeniie e 82
User Interface with RBAC Implementation ............ccoecveevciieiiieenciecnieeene, 86
USET GUIAC ...ttt sttt 100
Functional Testing ResSults .........ccccoveiiiiiiiiiiiiieeeeeeeeeee e 105
Non-Functional Specifications Testing Results ..........ccccceevveriieenciieeniieenee. 117

vil



LIST OF FIGURES

FIGURE Page
2.1 NFR DIQGIAM ...ttt sttt ettt e saeebeeesaeenseenes 25
3.1 0-Level DFD - Overall SyStem........cccccecvierieiiiieniieeieenie e esve e ens 34
3.2 1-Level DFD - User Management............cccueecierieerrienieenieeneeenieesreesieennneans 35
33 1-Level DFD - AuthentiCation. ..........cceeeeiereenieeienienieeiesieeieeee e 35
34 1-Level DFD - Password Management .............cccveeeveereeecieenveenieenneenieennnens 36
3.5 1-Level DFD - End-of-Shift Reporting ..........c.cccceevvieriiriiienieeienieeeeeiene 36
3.6 1-Level DFD - NOtIfICAtioNS ....cc.eeveruieriirieriieieeieeieeieete st 36
3.7 [-Level DFD - Chatbot......ccc.coiiiiiiiiiiiiiecceeceeeeeeeteeee e 36
3.8 I-Level DFD - Profile Management...........cccccueeerveenciieeniieeeieeeiee e 36
3.9 2-Level DFD - User Management ..........cccveerieeerieeenieeenieeeeeessieeeeveeeevens 37
3.10  2-Level DFD - AuthentiCation..........c.ccceeueeiiinieiiieenieeieeiceieeeeeee e 37
3.11  2-Level DFD - Password Management ............cccccueeeeuveeeriieenriieesineenneeennenn 37
3.12  2-Level DFD - End-of-Shift Reporting ..........cccceccveeveiiiniieenieeeieeeiie e 38
3.13  2-Level DFD - NOtHICAtIONS ...ccuviiiiiiiiieiiiiiieiie ettt 38
3.14  2-Level DFD - Profile Management............cccceeevveeeiieeeoieenieeeieeeevee e 39
3.15  Use Case DIagram ........cceccviieiiieeiiieeiiie e esiieeeieeeetee e vee e eaeesaeeesseeesnsee s 44
3.16  Entity Relationship Diagram (ERD) ........ccccoooiiiiiiiiiiiieeiieeeeeeceee e 45
3.17  ACtiVItY DIQIam .....ccciiieiiieeiiieeiie ettt et tre et tee e e e e ennee s 52



4.1

4.2

4.3

44

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:
Code Snippet:

Code Snippet:

USET CLASS ..ttt 54
load user FUNCtion..........ccoeevieeiiiieciee e 55
Default Route Handler............cccoooiiiiiiiiniiiiiee 56
Error Handler Functions ...........ccccoeeeiiiniiiniciieicceee 56
Login Handler..........ccoeeiiiieiiieeiieceeeeeeee e 57
Redirect After Login Handler............cooccooiiiiiiiiiniie 58
Reset Password for First-Time Login Users.........c.cccoceeueee. 59
Forgot Password ..........coccoiiiiiiiiiieieeceee e 60
Verify Code ...cc.eovuiiiiniiiiiiiiceceeeeee e 61
Verification Code Generation............cocceeevueerveesieeneeeneeneenne 62
Change Password.........c.ccocevienieiiniiniiiinienecieeecseeenene 63
Role-Based Access Control .........cceeveveeviericneenennicneeniennne. 64
Landing Page ........coccoviiiiiiiniiiieccceceeeeee 65
Before Request.........oocvieiieiiieiieeieeseeeee e 66
Get User Data .....ooeeviiiiiiiiicccceee e 67
RegIStEr USET .....eiiiiiiiieiieeieeeee e 68
UPAate USET ...coeeiiiieeiiieiie ettt 69
St STALUS .eueeiiiiiiiieieecee e 70
Get Chat ID from Username..........ccccoeeeveerieneeienieneeniennens 71
Get Log Telegram............cooeeveieeeiiieiienieeiieieeeeee e 72
End-of-Shift Report Table Generation ..........c.ccccceveeveenenee. 73

End-of-Shift Report Generation .............cccceeeveeeviienieenieennnne 75

1X



4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

431

4.32

4.33

4.34

4.35

4.36

4.37

4.38

4.39

4.40

4.41

4.42

4.43

Code Snippet: End-of-Shift Report Delivery Automation ............ccceeevvennenn. 76

Code Snippet: Sending Message via Telegram Bot ...........cccceeevvevieeciiennnn. 78
Code Snippet: Chatbot Page Routing (with RBAC) .......cccoovvieiiiniiiiien, 79
Code Snippet: Get Unread NOtificationS..........cccveeevierieeiieerieeiienieeieeeeneans 80
Code Snippet: Get NotifiCatioNnS. .........eecvieriieeiiierieeiierie e sreeie e e 81
Code Snippet: Get Unsolved Count ..........cceecviereieciienieeiiienieeieesie e 82
User Interface — Login Page.........cccuvveiiieiiiiieiiiecieeeeeeeeeee e 83
User Interface — Reset Password (First-Time USers) .........cccecvevveevieennnennnen. 83
User Interface — Forgot Password (FOrm 1) ........ccccoevvievieniiniieniieieenieenen, 84
User Interface — Forgot Password (FOrm 2) .........cccoevvvevieniiniieniieeeneeene, 84
User Interface — Profile Page.........cccoooveviieiiieniiiieeeeeeeee e 85
User Interface — Profile Change Password (Form 1).......ccccooeeviiniieinninnne. 85
User Interface — Profile Change Password (Form 2)........cccceevvviviveininnnnne. 86
User Interface — Sidebar Menus (Admin) ........cceeecveeeiieeeiieeniieeeieeeieeeee 87
User Interface — Sidebar Menus (SUPETVISOT) ....eeevveeeireeeiieeniieenieeeeieeeenes 88
User Interface — Sidebar Menus (Technician)..........ccoccveeveveeecieencieeencieeennne, 89
User Interface — Landing Page (Admin) .......ccccoevviieniiieniiiecieeeieceeee 90
User Interface — Landing Page (SUpervisor) ........cccceeeeveeecieeeiieeesieeeeveeeene 90
User Interface — Landing Page (Technician)..........cccoeecvveeeiieecieeecieeceieeeee, 91
User Interface — Dashboard (Admin) .........c.ccecevveeiiieeiieeeiiieeieeeee e 91
User Interface — Dashboard (SUpervisor) ........ccceeeeveeecieeeiieeniieeeie e 92



4.44

4.45

4.46

4.47

5.1

5.2

53

5.4

5.5

5.6

5.7

5.8

59

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

User Interface — Dashboard (Technician)..........ccccceeevvieeiieeeiieeecieecie e, 92

User Interface — Chatbot Page (Admin) ........cccceeeveeeviieeiieeeieecie e 93
User Interface — Chatbot Page (SUpervisor)........cccceeeveeeeieeeeeeeeceeeevee e 94
User Interface — Chatbot Page (Technician) ..........cccccceeeviveeiieeecieeeieee, 94
Testing Result: End-of-Shift Reporting (Result 1)........cccovevveviiinciieieciieenne. 108
Testing Result: End-of-Shift Reporting (Result 2).........ccccooveiiiiiiiiniinnns 109
Users Table on User Management Page (Before Adding a User)................. 109
Users Table in Database (Before Adding a USer) ........ccceeeeveieiiienieniieennene 109
Users Table on User Management Page (After Adding a User) ................... 110
Users Table in Database (After Adding a USer)........cccceeveeriienienieiniienieee 110
Testing Step: Role-Based Access Control (Step 1) .....cccoeeeeviieiiiinieiiieneae 110
Testing Step: Role-Based Access Control (Step 2).....cceeeveevieeiienieniiienienne 111
Testing Result: Role-Based Access Control..........ccceevieeiiieniieiienieeieenee 111
Testing Step: User Authentication (Step 1)......cccceeiiieniiiiieniiiiieieeieeee 112
Testing Result: User Authentication ..............ccoeeveeeiienieiiiieniieeeieeeee 112
Query Result for Validating User Authentication Test..........ccccceevveriiennnnne 113
Testing Step: Reset Password for New User (Step 1) ...coocvveviieiiinieniiienneee 113
Query Result: Reset Password for New User (Validation 1) .........c.ccceeueeen. 113
Testing Result: Reset Password for New User (Result 1)........cccoeeviviieneen. 114
Testing Result: Reset Password for New User (Result 2)........ccccoecvveiiennenn. 114
Query Result: Reset Password for New User (Validation 2) ..........cccee.ee.. 115

Testing Step: Verification Code for Password Change (Step 1) .....cccceeuenneee 115

X1



5.19

5.20

5.21

Testing Result: Verification Code for Password Change............cccccoeenene.
Testing Step: Unregistered URL (Step 1) c..eovcvveviieeciienieeiieieeieeceeeieeee

Testing Result: Unregistered URL ........c.ccccoeiiiiiiieiiieniieieeieeeee e

xii



