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ABSTRACT

Facerecognition technology has undergone remarkable advancements in
recent times, largely owing to improvements in digital camera technolbyg.
technology would benefit from being incorporated into current systems like building
management systems to imprae quality of human life and strengthen security in
varied contextsThe Face Recognition for Location Detection (FRLD) of Occupants in
a Building system in the proposed project aims to fully use face recognition technology
for pinpointing occupantiocaion within a building By utilising the strength of the
current video network and an extensive database of registered residents, this modern
technology will effectively identify people and locate their locations within the
building. The systenpromises to revolutionise building management and improve
security by seamlessly combining these compon@&iis.development of this project
is based on existing infrastructure and equipment, and refers to the exploration and
development of all similar syams in the market. The main purpose is to address the
lack of effectiveness in tracking the location of all residents in the current process,
inaccurate realime data, and potential cybersecurity risks and privacy issues that may
arise from the currentrpcess.In addition, the project will also address challenges
related to user experience and facial recognition technology. Last but not least, the
proposed system is expected to be implemented in various environments such as office
buildings, hospitals, martments, and universities to enhance existing building
management and safety measures. Through this measure, we are expected to bring more
efficient management and stronger

In this report, we also provide a detailed introduction to methodology and
software development lifecycle to clarifiye main core of the software and explore into
the process of subguenceto ensure smooth development and completion of the
software. Although some challenges were encountered during the development process,
leadingto deviations in planning, but those have begacedy otherapproaches and

did not affect the final outcome.
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CHAFERL

CHAPTER 1

Project Background

Technologyinnovation in the modern world has created a firm foundation for many
sectors and has created a firm foundation for many sectors and has significantly
improved human lives quality. For instance, the fierce rivalry in the marker for digital
devices have propted ongoing hardware and software updates that produce excellent
user experiences. The majority of digital devices manufacturers have concentrated on
developing camera hardware and software and the chips performance to improve the
quality of vision captue and obliquely increase the
efficiency of system processing. Face recognition technology has been successfully

developed and applied to several industries as a result.

The main goal of this project is to create a system tiifising existing
algorithms and techniques based on Python programming language and OpenCV for
Face Recognition for Location Detection of Occupants inside a Building. Face
recognition is not only utilised for security considerations or identity vetidicdased
on biometric such aswallet login or banking system quick login. But it may also be
used as safety measurement when used in closadt television (CCTV) in a
buil di ng. |t can be used to keep a&n eye
behaviour or potential safety issues. Another than that, it also serves as an efficient
technological solution for enhancing building energy control systems. By integrating
reinforcement learning technology into existing systems, the technology erables t
automated reduction of unnecessary energy consumption within buildings through Al

based building management systems.
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Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAFERL

Introduction

The Fourth Industrial Revolution (IR4.0) has produces cutige technology that can
take place of regular tasks, makeman daily life simpler, and offer convenience,
allowing people to live betteguality lives. Face detection and recognitame one of
thesubtechnologie®f object detectionThere have been applied in a number of fields
to improve the system performanincluding security system, access control, law
enforcemententertainmentnd alsosmart traffic light managemenin year 2023,
Malaysia had appliedl technology at traffic lightsvhich including object detection,
action detection anchr plate detection to capture thegal action of driver on the road

as evidencéo have better pfaregulations and enforcemdd.

Humans perceive andterpret visual patterns, such as human characteristics
and colar recognition,in distinct ways compared to digital computeAs humans
utilize their eyes to capture visual data or any information that theytsavgform it
into meaningful informationprocess it within their minds, and ultimately recognize
and interpret it[2], but the result may been affected by external factor from the
ervironment or human emotio However,computers use algorithms to capture each
pixel in an image or each frame from a video, detect human facial features, identify the
person, and determine the coordinate system of the face in the [Bjagdich can
formulate he processes argktting result accurately since computend emotion.
Although humans can recognize faces easlypared toAl which requires complex
algorithms and deep learningl able to distingish and recognize therstably and

accurately

Face recognitiorelieson biometric technology that esreattime photographs
to discernindividuals by cossreferencingthem with data of a pexisting image
capturedearlier[4]. By comparing the captured photos witdatabase of previously
recorded image, thisdsance technology allows for quick aratcurateperson
identification in variety of applications, includingecurity, access control and user
authentication. Ithas beenapplied in variousindustrieswhich include financing
healthcare, retail entertainmey marketing and etcUtilising face recognition
technology tarack attendance and improsgecurity in the workplace and education
institutions has signification traction in recent ye&y enabling autonomousithin

the system it replacessuch manual tasks to improve the system performande
2

Bachelor ofinformation Systems (HonourBusiness Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAFERL

efficiency. This is especially relevanvhen consideringoiometrics which utilise
unique bodily traitdike fingerprints and facial features to verify a person's identity
ensuringreproducibility, ease of use, and accessib[ly For example hospitalstaff

often encounter difficulties in locating doctors, nuraed patientsvithin the complex
healthcare environmenthis issue is further compounded in such restricted ke

ICU rooms and operatiotheatres where mobile devices are prohibitddowever,
through themplementface recognitiophospital camvercomehis issue, ag provides

a reliable and swift mearto precisely identity anlbcate doctors, nurses and patient
without relying on mbile or the devicesAs a result, this technologlgas found
application in diverse sector, encompassing funsti@much as monitoring,
strengthening security precautioasd streamlining management procesiseaddition,

its utilisation is particularly pronounced in environments like hospital and education
institutes, where playshdamportant role in addressing such challenges that related to
occupant so |l ocati on, t hus cont overbllut i ng

effectiveness.

Face recognition technology hesolved intoan important tool foensuring
security andenabling surveillance,notably excelling in tasksuch asaccurately
locatingthe whereabouts aiccupantsvithin a building. Byadeptlyrecognizing facial
features from images or frames in videos captured by CCTV or cameras installed
throughout a buildingand this technology enables the identification of individials
behaviours. Additionallyjt makessystem moreeasily to manage thec cupant s 6
movementscarefully, which leads to accurate determination of their exact location
within the buildingRealt i me i nf or mat i locatiossis made avalabzu p a n t
through this system, which enableatssist in builthg management and operatscend
improve overall security, safety and reduce the energy resources consuasinigut
not leastthe implementation of FRLIN a hospital would be an effective solution to
the problem of locating doctor, nurses and patidots improving the overall
management of the hospit&tlowever, it is important to balance the benefits of these
systems with the need for individual privacy protection and to prevent misuse and abuse.
Thus, Face Recognition for Location Detection (FRLD) of Occupants in a Building is
importance and able to enhance human life quality sucHety, s@nvincing leveand

ultimately improve patient outcomes
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11

Problem Statement and Motivation

Severalindustries have successfully applied thestme@cent face recognition

technique to improve system performanééowever, existingpccupant s 0

location detection system employing Bluetooth waves has giwentoi an
innovative idea fotracking building occpantsby implement face recognition
technique to overcome the shortcomifbe system will improve performance
assurancesecurity,and overall management in variouglustriesespecially
hospitalby identifying and recording theersonnelHowever, the sstem has
flaws, inconsistenciesand ethical problemshat mayinhibit it from being

universaland from producing useful applications.

Existing building managementsystemlacks effectiveness in tracking the
location of all occupants

Most of the modern locatiohased services are relying on WiFi or Bluetooth
signals. Thishown those technique require eautividual must always carry

their mobile devices with theand havetoeannect to bui l di ngd:

network or turn onmBluetooth andmaintain its active status in order to be
tracked. However, sme occupants may not consistently have their mobile
devices on hand, which serve as the primary means of detédwotindocation

for occupancy counting], which will lead toonly for occupancy counting but
hard to pinpoint tb actual location of occupantnd causingin terrible
implications during emergencies and harming the safety of pdaplenstance,

the system would not be abte locate an occupant if theptentional or
unintentionally leave their phone behinddditionally, mobile or digital
gadgetsare prohibited in several places including courtrooms, laboratories,
operating theaters and intensive care units (ICU) in hospifdiss is
particularlytroublesomeén emergencgcenariavhere thdocationof individual

is essential for rescue efforts, potentially endangering lives, and Wwheiray
medical personnglromptly results in needless delays in treating patiés.
personal and privacy concerns, some residarght also protest to having the
location detection application installed on their mobile devices. As a result, this
may lead to new restrictionsandn d er mi ne t he s yenduemob s

the safety and welfare of residents in emecgesituations, location detecting
4
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system must bémplemented while keeping these restrictions in namdl

account them

Delayedand inaccuracyof real-time data

The current location detecti@ystem and building management system might
not posses the required level of accuracyrovide precise positioning and
location information regarding occupants witlirbuilding, particularly when
navigating vast and complex structures or afilad with numerous obstacles
[7]. The current location dection system uties WiFi access points and
Bluetooth to track thdocation of mobile user time to time. Howeyéhese
techniques could give rise to issues stemming frootofa such as the
technologies employed, and potentially causing delays in updatingimeal
data in cases of weak internet connectidrigese technologieaslsowould be
influenced by various factors, includirthe distance between sensoiise

s e n srange amslthe environmentatonditionssuch as obatlesor potential
interference from electronic devicg. Anothermethod for real time locating
system which isadio frequencydentification (RFID) whichrelies heavily on
theenvironment andan be categorized into Line of Sight (LOS) and \lore

of Sight (NLOS. In both situations, localizatiassues can beauses by various
materials and LOS to NLOS transitigrsmgreat accuracy is essential for real
time location tracking, especially for accident preventi®. Existing
technique m building operation is very sensitite environmentsuch as the
radio of electronic devicesan easily Hected or blocked sensdrthere ishigh
frequenciesof digital devices or cluttered area which may leading to data
inaccuracyAnother technology use for location detection is Global Positipn
System (GPS), but it is unsuitable fodoor detecting occupants as it relies on
network of satellites to calculate precise outdoor locafldnus, if numerous
occupants are connected to the same network, it can only demonstrate that they
are inside the building but cannot determine whichrftbey are onlnaccurate
reattime data can lead to reduce building efficiency,occupant
misidentifications, false alarms causing wasteful evacuations ang dela

emergency response.
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Il The existing organization procedures give rise to potential security risk
and privacy concerns
Presently, the existing location detection system in the market are
predominantly driven bYRFID, GPS, satellite imaging and interregcking,
those are continuing to advance through ongoing technological innovations
[10]. Any viruses may invade digital devicesder the firewall or malware
detection and steal personplivacy data through network connections,
especially during the installation process of unauthenticated or unknow
applicationsThe WiFi and Bluetooth signals used by the network connections
for location detection have the potential to be interceptediriguthorized
devices, which could affect in security breaches that impact to all devices that
connected to the same netw{t]. Additionally, the risk of using publieViFi
has potentially include main-themiddle attacksmalware distribution, WiFi
snoopingand sniffing and malicious hotspots due to unencrypted nefd@jk
Thebui |l di ngds networ k may hauwnauthbriczede s t h
access to company server, extracting sensitive information from their servers or
devi ces, s uch carporate actiitiesandarg privatyedata thalt |
could be used for malicious purposlext, installing additionahpps for WiFi
or Bluetoothbased location tracking may encounter disagreement from
occupants due to concerns about device privacy and how personal conflicting
with work-related purpose, pigcularly when sensitive data is inveld. This
presents a challenge for organizations seeking to implement a location detection
system of occupants in a building without compromising on privacy and
security concerns of their occupankdoreover,the physical registration at
security stationwi | | al so pose a risk of dat a
information is written on the same registration form, making it possibkofoe
people tarecord or capture the others personal information if there is a hidden
cameraSomevisitorsmay also provid fake personal information in the form
andwilunabl e to recognize the visitoros
lack of photos amh other useful informationNext, those technologies and
procedures for building management may not be reliabé®mme cases, so an
alternative and safer solution should be developed overcome those

shortcomings especially keepc ¢ u pdata ih seéure.
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1.2  Project Objectives

The thesis intends to introduce modern face recognition algorithms and
innovative soft biomeic features for occupant location detection in buildings.
Modern technology has increased living standards and reducedelatsd
human error. The suggested method utilizes machine learning and deep learning
to improve location detectigmerformance wite integrating face detection and
recognition into building and corporate management systems. The following are
the planned resufor fulfilling these goals.

1 Create a smart building environment using modern face recognition
technology to redue the interaction with occupants while $reamlining

data automation and integration for seamless management.

In pursuit of heightened building management efficiency, a sophisticated smart
environment is being cultivated to minimizrect interaction to between
building operations and occuparnkhis is especially important in hospitals,
where effective managemert essential for deliveringapid and efficient
patient careThetechnique involves developing a system capable of discreetly
recording the locationf doctors, nurseand patients, thereby facilitating less
intrusive data collectinthrough face recogtion to identify the individuaand
subsubsequent serveside uploads, which streamlines management
procedures.Through the seamless integration of data within the hospital
premises,the detection process is further enhanced by employing face
recognitionwithin the access control or CCTV systeriis comprehensive
approach provides an extensive understanding obtitec upant 6 s move
withing the building, making it easier to quickly identify healthcare
professionals and patients turn, this result inmproved patient outcomes.
Additionally, customized features can be created base of the precise
requirements of building managemesuch as search occupant function
filtering function Those willincreasing overall effectiveness and finddigding

to the development of a sophisticated and streamlined building management

system thabptimizes resource allocation.
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9 Utilizing modern face recognition technology to significantly enhancethe
speal, precision and comprehensiveness of reime data capture.
Face recognition and detection have developed into crucial instruments for
identifying people, and these techniques have spread to several ind&stries.
example, by identifying the residents based on their distinctive face features, the
integat i on of t hese t echnol agdcters and nt o I
occupants monitoring system will be improved for coagnsiveness of data.
Those system related to building management able to gain a lot from this,
including the ability to monitor and mage building condition in redime. In
addition, face recognition witepecificfunctionmay significantly increase the
accuracy of location detection and provide insightfit on occupancy pattern
and trends. These perceptions can aid in improvingdibgi management,
resulting in greater energy effectiveness and other advantages for businesses.
The improved face recognition framework in system enhances interaction
smoothness and recognition accuracy, including tracking capabilities for
appearance chgas Face tracking is utilized in practical stagliwith robot to
address concerns with body tracking mix and false detectiol3].
Additionally, cloud computing or local databases enables the collection and
processing of data in retime, the storage of enormous volumes of data in a
single location, and the ability to access that data from anywhere with an
internet collectioj14]. Throughouthe proposed system, the locatiomed@ion
of occupants haseen able to improve the precision and vastness ofineal

data.

1 Utilise modern face recognition technology to efficiently reduce security
concerns and streamline the data collection process
The vital value of cyber security is underlined by the need to protect the
organization as a whole from potential harm, significant lossesrmnstef
sensitive information, and financial geguences. Controlling the varietf o
data gathered is a reasonable strategy for reducing the potential hazards of data
exposure. Basic occupant informationlkk&« c upant sé6 cur-nent | o
| clock-out records are only couple of the types of data the system should

concentrate on acquiring in order to achieve its intended purpddgionally,

8

Bachelor ofinformation Systems (HonourBusiness Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAFERL

it is essential to refrain from making occupants responsiblestalling extra
application to their deviseor establishing connections to public WiFi networks.
O c c u p ragstansedto tracking iessened by this strategy, which also allays
concerns about possible data breackasthermore, th@roposed system will
alsotacklethe issues of countaif. Fae recognitionhelps to create a more
secure and controlled environment by decreasintikéléhood of unauthorized
acces$5], due to everyone face featisainique However there are challenges
with accuracy and mistake occurriri§ut there are mangxistingalgorithms
developedto improve face recognitioperformancewhich are Viola Jones,
Local Binary Pattern, Neural NetwoeBased Face Detection, efd5]. Next,
using Labelled Face in Wild (LFW) verification to predict the detected faces
and LFW classification to determine who is who, the system will compare the
existing record in server side once face recognition process is cof3pldg
seamlessly capturing face featmi@nd automating the population of personal
detail the systenable to simplify the registration process for visifaisviating

the necessity for manual registration upon buildingry, while simultaneously
ensuring the confidentiality of visitor informationConsequently, face
recognition will foster greateacceptance among occupants regarding the
monitoring process,while simultaneously enhance their personal safety

assurances.
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1.3  Project Scope and Direction

The primary objective of this pposed system idevelopingan advanced Face
Recognition for Location Detection (FRLD) system tailored bailding occupancy
management, thereby improving traditioralilding and corporation management
practices Facerecognitionsare seamle$g incorporated intadhis system tamprove
overall performance, which is based on concepts from surveillance, building
management, and attendance management syBiemssimilating the strengths and
learning from the limitation of existing systerRRLD aim to engineer a novel
management sotion aligned with the specific demands of building management.
FRLD is primarily focused on offering simpleadministration and precise re#he
information to reduce potential danggecreating a smart and safe environment such as
a workplace or rest amearound thglobe The principal actors engaged in the system
comprise the security department, human resource division or individuals in higher
positions within the corporation or buildingdlowever, access to this system is
deliberately limited and not extended to all employees or residenehsure the
protection of privacy and sensitive daldne project outcome involves applying face
recognition to location detectiomside building mangement systems through
verifying occupant authenticatiohe subsequent section outlines the project module

and scopes.
Login Module:

i.  Access to the system requires login credentials.
ii. Password Requirements for complexity

View Building Record Module:

iii.  System will list out b detected individual in table format.

iv.  Filtering functionis implemented to filter out the targg#ite, status, and zone
of entry.

v. Sortingis available forrearrange the sequence of displayed record based on
selected featus

vi.  Quick entry of occupants detected redgrdvailable once item in list is clicked.

10
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View Occupants Module:

Vil.

viii.

Based on prelefined registration in the system, the system is capable of
identifying the inhabitants.

The search tool enables the user to finfbrmation about an occupant by
searching for theccuparis name or ID number

Blacklisted individual detection, highligim the detected list.

System able tdisplayall the detected recotitlong to targeted occupant

Report Analysis Module:

Xi.

Xii.

Xiii.

The systenexploresall the detected occupants record and visualize in graph
The systenenabledo export those records @xcel file format (CSVjor further
use

The system will alert the building potential threats

Face Recognition Module:

Xiv.

XV.

XVi.

XVii.

The systenwill be capable of identifyindacetraitsfrom image and reaktime

video.

The implemented algorithm is able to match recognised person in server side
with previously recogniseithhabitantd§rom theprior procedure

The process of face extramti and detection will be less impacted by facial
expressions

The system possesses the capability to simultaheoapture and recognize
face features of multiple occupants.

11

Bachelor ofinformation Systems (HonourBusiness Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAFERL

14 Contributions

Theproposed mjectproposabddressethe viability of biometric feature and efficient
algorithm to improve the@ccupancylocation detectiorin a building orcorporation

management system by detecting and recognising facial traits to perform identification.

Firstly, the application of FaceeRognition for Location Detection (FRLD)
holds relevance across industries, particularly in densely populated organizations like
universities, corporate buildings, and hotels. Its implementation significantly elevates
safety and security by effectively tiang the whereabouts of identified occupants

Secondly, FRLD finds utility in diverse sectors such as automated door access
or resources management, leveraging its capacity to capture facial features and
authenticate identities for monitoring occupancyrdbver, it brings enhancements to
building and corporation management systems, making comprehensive utilization
possible.

Thirdly, without human involvement or the use of any tangible objects like a
key or smartphone, face recognition technology can reliably identify a person. These
will boost convenience for residents since they no longer have to carry any form of
identificalion and will lessen the likelihood that their identification card or smartphone
will get lost or stolen.

Fourth, since it doesn't involve the transportation of any devices or personal
information, the proposed system can assist solve privacy concetrsotité arise
from the usage of existing location detecting techniques like WiFi and Bluetooth signal.

Fifth, the proposed system has a strong feature that makes it possible to identify
people who are on a blacklist. In order to draw the uatgstion to them, the system
will highlight any blacklisted individuals it finds in the building. This capability is very
helpful in situations where the existence of someone on a blacklist could endanger

security, safety, or other important issues.

12
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1.5 Report Organization

This report will be organized isevenchapters whichare introduction, literature
review, systemmethod or approaclgystem designsystem implementation, system

evaluation and dicussionand conclusion.

Chapter 1 is about theatroduction, which include th@roject background,
project introduction, problem statements, objectigestributionare intended to give

an overview of this project.

Chapter2 i Literature review.It includes a discussion of certain relevant
histories as well as information on similar systems and technologies that are already in

useas well as face recognition algorithms.

Chapter 3- System methal or approachlt discussesabout the system
methodology for system developing process and strdiggular Prototyping modgel

and system design diagram

Chapter 4i System designDescribethe preliminary work of the proposed
project. It will discuss about th&y/stem block diagransystem flow descriptiorand

systemcomponents interaction design.

Chapter 51 System implementatiorit includes the hardware and software
setup, prelimmary Integrated Development ahgarning EnvironmentlDLE) setting
and configuration, system operation wigierence (Screenshot), implementation issues
and challenges, and finally concluding remark.

Chapter 6 System evaluation and discussion. Describe the system tasting

performance evaluatiomhich included survey about feedback or review after testing

Chapter 7i Conclusion which inclding the recommendation and future plan

of proposed system.

13
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CHAPTER 2

Literature Reviews

2.1 Review oftechnology
2.1.1 FaceDetectionTechnology (FDT)

[2] a study report that was motivated by the use eb&ded computer technology to
extract and recognise individuals within images or videos. By providingtineal
people tracking and surveillance, the developmerfaoé detection technology is
enhancing numerous industries' achievementncluding security, entertainment, law

enforcement, and personal safety.

Facedetectiorhas developed from fundamental computer vision approaches by
utilising cuttingedge machine learning, artificial neural wetks, and related
algorithms With the evolution of these technologies, face detection has gained
popularity, benefiting from continuous performance improvements. It now serves as a
pivotal elementin a multitude of face tracking, analysis, and recogniéipplications,

leading to enhanced precision on existing system.

In order to better reveal the boundaries of the face during the face detection
process, it is necessary to use specific techniques that remove the background of the
image. Using skintone to identify faces in colour images can occasionally fail,
especially when motion is involved, such as facial emotion and expression when

capturing face features in retethe video.

The ViolaJones framework has been developed and utilised in thegzroc
improve the efficacy and efficiency of detecting faces from photos. This will improve
the reliability of identifying faces in redgime video It serves as a training model for
identifying facial features by leveraging particular traits. Followiad, tit will be saved
in the database for comparison with future images. In order to establish whether there
is a face in the image being studied, Vidtanes compares face traits at various phases.
When a photo has completed all stages, it will be usedfase in further operations.
Convolutional Neural Networks (CNN) and Single Shot Detectors (SSD), which are
specifically made for processing pixel data, localising, and classifying objects in

images, will also be used in deep learning to enhance thegso
14
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Neverthelesswhile face detection proves immensely valuable and yields
numerous advantagesin such technological contexts, it does carry certain

disadvantage

1 Putative burden of handling extensive data volumes, given the reliance on
robust datatorage for machine learning.

1 Potential susceptibility to detéoh error stemming from variations in
appearance.

1 Conceivable infringement upon privacy rights, as continuous traokaygaise

concerns among individuals.

2.12 Al for Face Recognition Technology (FRT)

Face recognition technology may identify and trace a person's identity and personal
information if the image of his or her face can be located and matched in thaséatab
This is possible because humans today are very active on social media. According to
Mc Frockman, artificial intelligence (Al) is intended to mimic human intellect by giving
robots the capacity to learn and make judgements in a comparable way to.Hju6jans
Artificial intelligence (Al) and machine learning (ML) serve as the key components of
facial recognition technology (FRT). A computer system capable of performing human
like activities, such as visuagderception and decisiemaking, is referred to as an
artificial intelligence (Al) system. Its range includes organising and comprehending
abstract ideas, successfully guiding circumstances with learned information. ML and
Deep Learning (DL) stand out agtkey Al techniques that provide FRT its impressive

capabilities.

ML is a branch of Al that uses algorithms to spot patterns and analyse data with
precise probabilities. It aids in understanding visual context but needs a lot of
information to generate liable results. However, the process of data training or
learning patterns will be automated and completed without human involvement.
Supervised ML, Unsupervised ML, and Sesapervised ML are the three themes that

machine learning is divided undér7].
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1 Supervised ML trains the algorithm by feeding it labellédta The learning
algorithm began by making predictions, and then it used-pemgbagation to
find errors and correct them by comparing its output t@toairate results that

were intended

Supervised Learning

Labeled Data

AOR
o I - A

P e N
Shulso / ﬁ L\ O o Cirete

Machine ML Model Predictions

Rectangle  Circle

N O NO

Trisngle Haxsgon
Test Data

Figure2.1.2.1Supervised Learnind.8]

1 Unsupervised ML analyses and clusters unlabelled data to find hidden patterns
or grouped data without involving a human. The three prirenyniques used
in unsupervised machine learning aremeans, densbkiased clustering, and

hierarchical clustering.

Unsupervised Learning

Unlabelled Data Machine Results
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Figure2.1.2.2Unsupervised Learnin{l 8]
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1 Semisupervised ML also known as reinforcement ML whicls the
combination of supervised and unsupervised Mis a machine learning model
that learns from feedback to help actions become better.

Input Data

é :j?\*_' ’J
= a

At i
)=

Machine Learning
Model

ﬁ—r It's an Apple
Partial Labels

9 I
) Orang 6 ?

f—
(=< Banana
AN

Prediction

Unlabelled Data
Figure2.1.2.3Semisupervised Learninfi.8]

Regarding deep learning, it is a bchnof machine learning (ML) that creates an
architecture that resembles the human brain and is also referred to as multi neuron
architecture. Without much human involvement, DL uses greater data to automatically
extract the features. The term "deep" refethenumberof layers in the neural network,

and it is scalable machine learnimgcluding Artificial Neural Network (ANN),
Convolution Neural Network (CNN), Recurrent Neural Network (RNN):

1 ANN is usedfor categorising images, such as training the irghutto by
extracting thdacial traits

1 CNN uses a matristyle "filter” to break up the image into little pixels, and the
network then does a variety of calculations on those pixels to compare them to
pixels that have a certain pattern. In order to attain accuracy, CNN needs a lot
of training data and updates the filter value with each prediction using an error
function.

1 RNN are models that regulate the temporal pattern of videos and input the

output of CNN into RNN for evaluation.
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FRT is also very practical for many industries and has advanced in recent years
thanks to Al backing and its ability to train up without human intervention. Face
recognition is typically processed in three steps: twtection, picture conversion

into data, which turns facial features into digital information, and match finding,
which compares the digital information with alresgkisting database data.
However, a separate form of FRT will have a different processiagepfor more

professional applications.
2.13 Biometric Face Detection and Face Recognition Algorithms

According to the International Journal for Modern Trends in Science and
Technology, biometric systems recognise and authenticate a person's identity by
employing specific physical qualities and particular characteristics. A biometric system
offers a relialke way to confirm someone's identity. It frequently makes use of
distinguishing traits like fingerprints, keystrokes, infrared thermograms, voice,

signatures, DNA, and facial features.

The face characteristic is a very helpful biometric property for iiyerg an
individual and is being integrated into more and more technologies and industries. To
recognise and identify the face region or segment in an image or video, refer to the face
detection technique. Cluttered backgrounds, lighting, occlusion, ekangotation,
variations in face pose and expression, scale, and translation are some of the aspects
that can affect how well faces are detected and recognised. Therefore, when
implementing face detection and identification technology, it is cruciake these

elementsintoaccounihe t abl e below is showing each

Factor Description

Clutter Background | External factors, including background and environme
conditions surrounding individuals in photos, exert
significantinfluence on the precision and effectiveness

face detection and recognition.

Occlusion Occlusioncan hinder the performance of face recognil
algorithms by inadequately detectiface traits within the
data.
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lllumination Face featuredetection results may degrade due
inconsistencies in recalling face features, nasylfrom
variation inlighting angles and shadow induced by differ

intensities.

Face Pose Postural variations arise from diverse angles and posi
during image aguisition, leading to altered spati
relationships among face featuresThis distortion
significantly impacts conventional appearahesed fae

recognition methods such as Fisherfaceskgdnfaces.

Face Expression Facial expressioencompassesmotional shifts and conve
feelings through changes in facial featurespatial

relationships and alterations in facial contour.

Rotation, scaling an{ RST poses challenges to face detectqonl recognition
translation (RST) demanding exhause searches across potential parame
during recognition.

Table2.1.3.1Factors Challenge Face Detect[@A]

Even though face detection and identification technology face a number of
barriers that will reduce th&ccuracy of the outcome, numerous algorithms have been
created to enhance performance and efficiency. The descriptions of those algorithms

are given below:

Algorithm Description

Gabor Filter A Gaussian function (2D Gabor filter) creates 40 img
using edge detection at various angles and orientat
Resizing, pixel calibration, and border smoothing are
required for this. Each filtered image has maximum inter
points that are marked as fiducial points by the met
Based on determined thisices, these points are th

compared to known faces in the database.

Eigen Face Eigenvectors, used in computer vision for face recognit
create a covariance matrix of face features from imagyes
comparing face representations using the basis

recognition is achieved. This efficient technique prioriti
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encoding of illumination data over complex face featu

placing speed over correctness.

Principal Componen
Analysis(PCA)

PCA is a robust statical technique that transforms a colle
of potentially correlated variable into uncorrelated value
is useful in bothpredictive modeling and exploratory dé
analysis and its sensitivity to reks scaling. PCA is notabl
the simplest eigenvecttmased multivariate analysis.

clariffies datafict uati on by seeki

structure. Additionally, PCA works well in situations wh¢

there are flattened images, projections or poor illuminati

NHA

It serves as a standardization process, invohaagtrast
starching or histogram stretching to widen the range of |
intensityvalues By guaranteeing a more consistent dyna
rangeacross the dataset to reduce vigurablems, this lead
to higher imageconsistency and alignment with hum
perception. The inclusion of histogram equalization

critical, as it prevents the generation of unrealistic

undesired effects in photos with substantially higher c

depth than the palette size

Fisher Faces

The Representero6s Hypot he
employed to tackle issues with invalid homadastic
Normal classes, transforming them into piecewise map
and addressing the challenge adgtermining the suitabl
number of mixtures per clad&/hen there are enougyaining
examplesavailable to effectively learn nonlinear mappin

the piecewise method is advisable.

Viola Jones

The four steps it takes to process are choosing a
component, building a requisite picture, getting ready
ADA lifts, and cascading classifier. The process
recognition seeks for elements within rectangular regior
the image's pixels; to compmuthe value, subtract the toi

number of pixels inside white rectangles from the t
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number of pixels inside black rectangles. It swiftly provi

results while continuously examining rectangle aspects.

Local Binary Pattern
(LBP)

The neighbourhood stecture of each pixel is represented
a decimal number that the initial LBP administrator ass
to each pixel. Its approach involves taking the central
out of the equation and comparing each pixel to its €
neighboursin a 3x3 neighbourhood. If the outcome
negative, the value will be replaced by 0, and if positive
1. In a clockwise motion, the acquired binary codes

concatenated.

Adaptive Boost
Algorithm
(AdaBoost)

By merging the outputs of various learneFBeund ang
Schapire's (2003) AdaBoost machine learning techn
enhances performance. These 'weak learners' are we
and modified iteratively, making it flexible and less pron¢
overfitting. Despite being noisgensitive, it works even wit
weak larners who do only slightly better than at rand

Particularly when using decision trees, AdaBoost is note

its robust oubf-the-box performance.

Table2.1.3.2Algorithms forFace Detectioand Recognitiofl19]
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2.15 Summary of technology review

Face detection is employed to boost the efficiency and accuracy of the face
recognition process. These technologies rely on Al, ML, and DL to detect, capture,
recognise, anthatch facial traits in order to determine a person's identification. Finding
faces in images, assessing facial features, comparing against recognised faces, and
making predictions comprised the fundamental pipeline for face recognition. In
addition, the seurity system, social media, and entertainment businesses have wisely

employed them.

Face detection involves identifying facial features in an image or video using a
variety of algorithms, including CNN, Viola Jones, Haar Cascade, and SSD. Once a
face hadeen found, it will continue to use Eigenfaces, LBP, Fisher Face, and AdaBoost

to process for recognition.

Overall, those algorithms have benefits and drawbacks that will influence the
outcome of face recognition. The pros and drawbacks of such popydaittahs are

shown in the table belaw

Algorithm Advantage Disadvantage

HaarCascade | Less complicated, reéiime capable| Less accurateompare to
quick to detect, and simple to app| DL-based technique
falsepositive detectionis

higher

Viola Jones The most admired technique f| extended training periog
reattime face detection has gre few possible hea

accuracy, a low false positive ral postures, and unable

and a high detection speed. recognise faces in shado
LBP High tolerance for recurrer Limited to binary and gre}
fluctuations in ilumination| images, insufficient fo

efficient texturing feature, simpl non-monotonic
processing illumination fluctuations,

and lack of precision

AdaBoost A simple and usefriendly | Overfitting and low

programme with an adaptiy margin are caused L
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algorithm doesn't require any pri

knowledge.

weak classifiers, slov

training progress.

PCA

Dimensional reduction, improve

face recognition in nois

environments, and quiaketection

A strong training set i
necessary for sensors th
are sensitive to occlusion
face expression, an

lighting conditions.

Eigen Face

Able to perform in reatime, be
costeffective and efficient, and b
able to capture facial features frg

various angles.

Faces with poses, lightin
and expressions that a
sensitive to noise don

function well.

Fisher Face

High accuracy, compute quickly,

low-dimensional feature

High

computation,

precision, rapig

and low

dimensional feature

Table2.1.4.1Advantage and Disadvantage of Algorithms
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2.2  Review of system
2.2.1 Occupancy detection systems for indoor environment

[20] proposed a study on an occupancy detection system, an automation system
that offerssmart services for indoor environments. One of the smart indoor environment
services that has gained popularity recently and increased user experience by saving
energy is occupancy detection. To enhance occupancy detection, optimise energy
consumption, andncrease user comfort, a variety of estimating techniques and

communication technologies have been investigated and developed.

Occupancy detection systems can be applied in smart automation, which is a
monitoring and control system that regulates eneayysumption for any electronic
equipment in the building, improve user comfort, and improve the efficiency of
building management. This has important consequences for both residential and
commercial environmentsSmart buildings, security systems, eneefficient
infrastructure, healthcare monitoring, intelligent transportation systems, and building
management and automation are just a few of its possible applications. Applications
may need varying levels of occupancy data, including location, individinamvours,
occupant count, identity, and behavioukccurately measuring and detecting
occupancy at a granular level presents considerable challenges due to factors like cost,
deployability concerns related to sensors, and the complexitgqoired occupancy

information.

Typically, monitoring, also referred to as sensing and prediction, and occupancy
detection system, are two approaches that are classified. Prediction is based on occupant
behaviour, form a prediction model by using statetend ML techniques to control
the equipment. Monitoring involves detecting the presence of people, relaying the
collected information, and basing decisions and unit control on it. But there are also

such restrictions and difficulties.
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{

- {
Occupancy W
Detection System

Estimation and
- probatils

Learnmg
Figure2.2.1.10ccupancy Detection Syste@0]
Approach Limitation s/ Challenges
Monitoring / Sensing 1 Theshort lifesparof the sensor node

Requirement for high quantity of sensor
devices lead to high cost

1 Complicatedmplementation of snsor units

Estimation and Prediction 1 Necessity for a substantial praining datase

1 Training the model is timeonsuming

Table2.2.1.1Limitations and challenges @iccupancy Detection Approach

The crucial andfundamental standard for occupancy detection systems is
monitoring or sensing. It is done by using a variety of occupant detection techniques,
which are listed, described, and classified in the subsection below, along with their

foundational methodologies:

1 Passive infrared (PIR) sensorpresents a method that can be used by all
building management and lighting systems to detect indoor presence. Sensing
the thermal radiation emitted by people in the monitored area allows for this.

1 Ultrasonic sensoruses theransmission of ultrasonic signals and the analysis
of the received signals to detect occupancy in ainwasive manner. It
functions without requiring a direct line of sight and can also provide

information about people's whereabouts.
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1 Camara sensoris enployed to oversee building occupancy. It can offer diverse
tiers of data like occupant whereabouts, identification, monitoring, headcount,
and conduct. A wireless network of cameras is capable of collecting data on
zone occupancy.

1 Wearable sensoris extra devices require hanging dhe time for the
continuous monitoring of both activity levels and vital signs

1 Tag-based sensoable to effectively detect occupants and pinpoint their actual
location and courthe numberof availableoccupars within adefined range by
monitoring electromagnetic field fluctuation¥hese sensors will only be
activated when more than twidividualswithin a defined range.

1 Smart devicebased sensings implemented to track occupants by interacting
with or identifying the installed application on thdavices, providing insights
into their presence, and detecting the presence. Given the widespread use of
smartphones in the modern era, this strategypsaslly valuable.

1 Network activity refers to the collection of connections and online transactions
conducted by building occupants using the current Information Technology (IT)
facilities. In order to estimate c cupancy 6 s inVolves racking n , t h

internet protocol (IPjraffic within the network.

There are several existing methods for performing occupaeiection for indoor

environments, each of which has advantages sadwhntages that affect the outcome.

2.2.2 Building Occupancy Detection and Localization Using CCTV camera and
Deep Learning

[21] is an academipublication that examines the improvements in management
of buildingsand user comfort brought about by the development of Interrigtings
(IoT) technology Although CloseeCircuit Television (CCTV) systems are widely
used in monitoring occupants inside the buildngHowever , it és i mpor't
that existing CCTVsystems remain underutilized, presenting an opportunity to
incorporate additional functionalities into these devices. For instance, by integrating

technologies like OpenCV and face recognition, it becomes feasible to swiftly and
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accurately process videos omtaining multiple individuals, enabling precise

identification of occupant locations and identities.

Firstoff, buildingmanagemerienefits from gathering occupancy data by using
ittoanays e it and gain a thor ough perforchancest andi
as well as pinpoint any potential risks or proldemithin the building. There are many
different I0T sensors that can detect occupancy in buildings, but those sensors have
their limitations For instance, PIR sensors perform poorly in compl@ironments
and have a low accuracy when detecting multiple objects, while RFID and WiFi sensors
require extra equipment and are impacted by ndsevercome the limitations, CCTV
been suggested to replace those sensors since iy @i@dlable withinbuildings for
safety and security purposasd to fully utilise the deviced\lthough they are still
being developed, CCTV cameras for occupancy detection still faceuttifis such as

background noise and object obfuscation.

In the quest to augment the capabilities of CCTVdfar ¢ u pdetaction and
localisation, the system hasade use of machine learginThe performanchkas been
improved by using both shallow learning algorithms lg«gpport vector machine
(SVM) and deepearning (DL) methods.

1 Machine learning is proficient in performing both classification and regression
tasks.

1 Support vector machine have limited capacity when it comes to accomplishing
occupant localization.

1 Deep learning amplifies learnirgapabilities through the utilization of neural

networks structures that are both deeper and moteate.

Cameras Video : : Results
: L}eep ledrnnw ; esults
COTV frames

mm el
I|'||m| Um Tl
system s utput | Occupancy

number
[]l”j:llJl { )LLUP inL‘\

location”

Extract

Figure2.2.2.1Layout ofOccupancy Detection System Using CC[AL]

The figure depicted above providesancise overview of the occupandgtection
system by using CCTV. linvolvesthe collection of information from the CCTV
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system, the extraction of video frag¢heir subsequent analysis and estimation within
a deep learning modt produce the desiredittomes such as the number of occupants

and where they are located.

Within the deep learning model, the system initiates the process by extracting
image features through face detection algorithms before proceeding testtgee
decision methodologyin order to gradually improve Intersection Over Union (loU)
thresholds and produce high quality of hymsts, this threstage decision approach

uses a serious of uniform detectors that each go throughteasibg operation.

'RP\ Tl eonv -:
classifie r
= !
..Iﬂ — i stage I.':Iﬂumrl
1 o
1B cl: 'Mliln.r
bhox res! r"‘ categories |
-
1 1
A5 coiy ' Fi©
bhox reg
- II'||.i'\||'|| finates 1
Fol pooling
staged/detectord
e ‘\-"'\.I 2T
5,‘ FC cla: I“l-u.n-.uru.l."l
] - i
= h
=2 o 1
= coordinates 2
3 Rl pooling
al |l [ rzeem gy )
stageddetectord F
1 FC LI'"\HIII”-P calegonics "!-
| .ﬂ\ FC
hhax reg
= h,,lmll.llll es 3
I{n peoling
Legend: RPN region proposal network cony: comvolution
FC: fullv conmected b reg: hounding box regressor

Figure2.2.2.2Threestage detectiof21]

A thorough evaluation of the various existohgtection methods, including head
detection, occupancy localizationgccupancy presence, overhead detection and the
suggested model was also dofke deep convolutional neural network (DCNad
threestage detection method were combined to create the model which displayed
impresive performance results with precision rate up to 89.7% and a true positive rate
of 89.2%. In addition, this model susstully expanded the occupant detection range
through the whole building, make it flexible and superior to other approaches in terms

of effectiveness.
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2.2.3FaceMe

FaceMaes an application developed ByberLinkwhich is aglobal fontrunner
in the realm of face recognition and face attribute technolodireshe NIST Face
Recognition VendoiTest, FaceMe is their incredibly accurate Al engines, holds a
prominent position, securing recognition as one of the top perforpeatssularly in
the VISA andWILD test categories.

FaceMe Security serves as a re&myse security and access control solution.
It facilitates identity verification, attendance tracking and access control utifeabeg
recognition, along with live monitoring and instant notification. Furthermore, it has
capability to tr asingfacahimageat physical ahardctéristicsact i o
When integrated with prominent video management system (VMS) platforms, FaceMe

Security streamlines and enhance intelligent security management.

FaceMe is introduing a comprehensive accesmtrol and Al smart monitoring
solution that combine robust personnel access control, effreieotd management and
advanced face recognition. It seamlesstegratesvith VMS, support various access
of control protocols andt is compatible with both IP cameras and face recognition
terminals FaceMe is offering redlme face recognitionplocklist detection with
prompt which includes blacklist and greyliahd preciseideo searchednstant alerts
via various channels are also available in its management interface, which sync with
VMS databases andecurity camerasin addition, FaceMe suppornulti-person
identification with high accuracy of face recogniti@sult even masks are usaople
Tracker adebn which will speed up the video surveillance istigation for tracking

people based on the physical features across multiple locations.
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Video Streams (IP Cameras, Face Terminals)

Workstation

Face
Detection

an
Face Template
Extraction

Central

Face Search

Comparison

|

Optional Features

- WRR
- Check-in

- Face Terminal

Figure 2.2.FaceMesystem structurg22]

Based orfigure aboveFaceMeSecur i t yos

flexibility and high availability.It evaluates the characteristics value, compares #tem

-

Database

Face Data
Storage

==

l— API Integration —'L

Communication
Software

Access Control
Warning Alarms

decentr al

the second tiers which main database, ammntrol accesd/Vhen specific conditions,

such as blocklisteccur, Central notifies those responsible or VNt§second tier,

which encompasses workstationhhe Ceatral and the database, each station

zed

necessates dedicated server support to ensure seamless operation. For example, the
Central demands a minimum configuration of 16GHEBR&M, i5 CPU, Microsoft SQL

Server, a 2GB HDD, and the Window 11 OS to effectively facilitate the workflow.

Similarly, workstatons require 16GM of RAM but withn i7 CPU to robustly support

the workflowprocess.

FaceMe offers an additional APl which is People Traakesigned for Al

Vision-based tracking and recognition using physical characteristicglutdesface

recognition, multicamera tracking, pson attribute recognition, Person-R¥ and

person idenfication. Once a person has been identified and trackable to reduce

the search area by selecting the time and relevant calinabée to narrow the search

by enteringspecificface features, after which you can watch the video fatinthe

available cameraginally, examine the videos chronologically to traceithed i vi dual 0

movements.
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224 Summary of system review

There are several technologies and methods support and improve the
performance of locationdetection systems, especially for indoor environment
accordingto review of those journal article3he process of detecting occupancy is
completed by location detection system siicg using the data to carry out additional
operations. It is highly adgsed to us€€CTV to performlocation detectioms it able to
provide multiple level of information which includirthe identity, location tracking,
headcount, and behavior of the occupants. Ereart devicebased, tadpased, and
network activity are also capable of providitigat informationbut are also carrying
extra devices or installing additional applications are burdens that the occupants must
bearHowever, CCTV is widely used in many hiing for sdety and security purposes,
it is one of the best options for face recognition for occupant location detedtion

a building structure.

2 |2 |8
g |2 |2
o 3 2
Q o 3 = < S
c = b 2 x Q
3 | © S £ s |3
@ @ <2 = = S
x |5 |o 2 |E€ |8 |¢
o ) = — n pd o
1. Require X X X X v v X
additional
application  on
personal device]
(intrusiveness)
2. Existing X X X X v v v
infrastructure
3. Capable of X v v v v v v
accurately
counting the
number of
occupant presen|
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4. Able to track] X X v v v v v
occupant
identity

5. Suitable forhuge| X X X X v v v
environment

6. Cost Low | Low | Medium |Low |High |Low |Low

7. Accuracy Low | Low | High High | High | Low | High

Table2.23. Sy st emdés comparison resul

Furthermore, by comparinthe proposed systerwi t h ABui | di ng Oc
Detection and Localizati on usthercogncet®©fTV <c ar
those systesiis similar, but the proposed system places a distinct emphasis on ease of
management and flexibilityTheproposeds y st emés go al is to off
and adafable computer application platform, elevating both building management and
security levels[21] An improved understanding of the solution is made possible by the
clearly defined sequence of the process of the location detection syster@G3ivg

FaceMeAl engines have achieved remarkable accuracy in the WEE
Recogniton Vendor Test, earning recognition asop performerGiven this, FaceMe
is frequently serves as a reference system during the developmesdgpto ensure the

comprehensive and practicality of the proposed system.
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CHAPTER 3 System Methodology Approach
31 Sydem Planning

3.1.1 Gantt Chart

PROJECT: Face Recognition for Location Detection of

Occupants in a Building

Project start date: 30/1/2023 February
Scrolling increment: 2 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2
Milestone description Category Start Days W T F s S M T w T F 5 s M T W T F s 5 M

Chapter 1: Introduction

Review Proposed Report On Track 1/2/2023 4
Refine Problem Statement On Track 5/2/2023 5
Refine Project Objective On Track 10/2/2023 5
Refine Project Contribution On Track 15/2/2023 2
Refine Project Background On Track 17/2/2023 2
Complete Introduction Milestone  19/2/2023 1 >

Chapter 2: Literature

Review
Figure 3.1.11 GanttChart (1/5)
Project start date: 30/1/2023 March
Scmllingincrement: 2 18 19 20 21 22 23 24 25 26 27 28 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Milestone desc Category Start Days 5 §$ M T W T F 5§ 8 M T W T F § 8 M T WTF § 5 M T WT F § 5 M T

Chapter 2: Literature
Review

Review Technology On Track 19/2/2023 8

Analyze and Summarize Related

Technology OnTrack  27/2/2023 2
Review Existing System Low Risk 1/3/2023 8
Analyze and Summarize Systems On Track 9/3/2023 2
Conclude and Connect to
On Track 11/3/2023 2
proposed system
Complete Literature Review Milestone  13/3/2023 1 >
Chapter 3: System
Methodology / Approach
Planning On Track 13/3/2023 3
System Architecture Diagram On Track 16/3/2023 2
Use Case Diagram OnTrack  18/3/2023 6

Figure 3.1.1.2 GanttChart (2/5)
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Project start date: 30/1/2023

Scrolling increment: 2
Milestone description Category Start Days
Use Case Diagram On Track 18/3/2023 6
Activity Diagram On Track 24/3/2023 6
Complete System Methodology Milestone  30/3/2023 1

Chapter 4: System Design

System Flow Diagram Low Risk 30/3/2023 3
Database Class Diagram Low Risk 2/4/2023 3
System User Interface Design Low Risk 5/4/2023 7

System Components Iteraction

Operation On Track
Complete System Design Milestone
Chapter 5: System
Project start date: 30/1/2023
Scrolling increment: 2

Milestone description

System Components Iteraction
Operation

Complete System Design

Chapter 5: System
Implementation

Hardware Setup

Software Setup
Setting Configuration
Software Development Life Cycle

Complete Systen Implentation

Chapter 6: System

Evaluation and Discussion
System Testing and Performace

Category

On Track

Milestone

On Track

On Track

Low Risk

Med Risk

Milestone

I s Ricle

12/4/2023 10

22/4/2023 1

April

16 17 18 19 20 21 22 23 24

25 26 27 28 29 30 31 1

2 3 4 5 8 7

8 9 10 111

=

Figure 3.1.1.3 GanttChart (3/5)

12/4/2023

22/4{2023

22/4/2023

23/4/2023

25/4/2023

30/4/2023

18/8/2023

1a/a/an72

10

110

11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28

Figure 3.1.1.4 GanttChart (4/5)
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Project start date: 30/1/2023 August September
scrolling increment: 2 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 5 6 7 8 9 10 11
Milestone description Category Start Days F §5MTWTFS5 5 MTWTTFSSMTWTF S5 5§ TWT F 5/5 M
Software Development Life Cycle  Med Risk 30/4/2023 110 _
Complete Systen Implentation Milestone  18/8/2023 1 =
Chapter 6: System
Evaluation and Discussion
Syste Testil d Perf
S Em esting ani errormace Low Risk IE/S]'ZDZS 5
Metrics
Testing Setup and Result Low Risk 23/8/2023 5
Project Challenges On Track 28/8/2023 5
Objective Evaluation On Track 2/9/2023 5
Complete System Evaluation Milestone  7/9/2023 1 >
Chapter 7: Conclusion and
Recommendation
Conclusion On Track 7/9/2023 2
Recommendation On Track 9/9/2023 2
Complete Proposed Project On Track 11/9/2023 1
Project End Date 11/9/2023 222

Figure3.1.1.5 GanttChart (5/5)

The Gantt Chart shown above was meticulously drafted to providedapth
visual representation of our project's schedule. Its goal is to make it easier to track
progress, spot potential delays early, and make the necessatynadjss This Gantt
Chart is our tool for keeping a close eye on project activities and ensuring that
everything is in line with the overall goals and schedule of the project. Its value lies in
facilitating efficient project management, quick detectionabfesiule deviations, and
prompt application of corrective actions to guarantee the project's successful

completion.
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3.12 Methodology Model

Prototyping — ~————

Figure 3.12.1 Regular Prototyping Mod¢R3]

The regular prototyping model is an iterative approactystem development which
involving cycles of design. Testing, apdrformance enhancement. This methodology
holds promise for enhancing building mgeeent systemsSpecifically, it has the
potential to significantly improve the identification of building occupants and the

precise locations within the structure

Planning and requiremergathering come first. The ability to accurately
recognise faces, the ability to allocate pleoinside the building, and the ability to

detect and track people based on their faceufestare all prerequisites for face

recognition.
The second phase i s Afanal ysi s, desi gn, i mp
Aprototype developmento), whiclBysdemds i

architecture must be designetiich including system prototype, diagram, technology
and algorithrs, based on those needs. This phrase states that the process will be refined

untl it satisfies user requirement.

After creating the prototypéhe proposed system whle tested those features
and functionality to cut down on errors and bugs. The coding process will be

significantly more efficient and streamlined because the systiEsign and
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requirements arearefully and precisely obtained through repeated evaluation and

refinement that match the requirements

Overall, prototyping model, which is successful strategy for software
developmentcan be used to create FRLD system. By implementingotbposed
proposal recommendationsis able to create an accurate and reliable face recognition

system that can besed to improved building management and security.
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3.2  System Design Diagram
3.2.1 System Architecture Diagram

Location Detection of Occupants system
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Figure 32.1.1 FRLD system architecture

Figure 3.2.1above is presenting the proposed sységohitecture which givan in

depth description. Firstly, the system strategically places cameras throughout the
building to capture video footage of individual and connedbnifpe system via WiFi.

Next, it starts the analyse the face feafuven the captured video frame by frame for
proeeding on face detection and recognitionprocess.i r dl y, t o det er mi
identity, the system will compare the detected faces with the database -&haosxeh
people. Fourthly, it includes a location detection and trackinguiedtiat trackghe
whereabouts of the identified occupants inside the building by using their |qcatien

and update into databa3énen, for effcient management, it analyses, groups and filters
this data.ln summary, the Face Recognition for Location Detection(FR&yBjend s

goal is to provide accurate and reliable location data, enhancing the capabilities of the
current building management system and enhancing occsgiaty as a whole.
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3.2.2 System Use Cases Diagram
Face Recognition for Location

Detection of Occupants in a Building

<
View Occupant < Extend
v Extends
Update Occupant Detail }...
L“«{includer-’.‘ b %
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Upload Photo 4y
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Figure 32.2.1 FRLD SystemUseCaseDiagram
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Use Case Name¥View Occupants ID: 1 Importance Level: High

Primary Actor: Admin Use Case TypeDetail, Essential

Stakeholder and Interest:Admini manage h e o0 c peuspnabetailsvithin the
building

Brief Description: This use case describes the featuranariageo ¢ ¢ u pregisttagod

Trigger: Admin view, manageand inserof buildingd s occupant s

Relationships
Association:No Application
Include : Update database

Extend : Upload photo, insert neaccupants, update occupants detail, delete occupan

Normal Flow of Events:
1. Adminview the available occupanighich recordedn the building
2. Adminableb upl oad oc.cupantdés photo
3. Adminis allowed to insert new occupant inside the system.
4. Adminhave the right update the occup
the system.

Sub Flows:Not Applicable

Alternate/Exceptional Flows:
la. Fail to connect the systembs dat
2a.lmage format not allowed.

3a.All details are not filled.
Table 3.2.21 Use Case Description (B)

Use Case NameMonitoring Camera ID: 2 Importance Level: High

Primary Actor: Admin Use Case TypeDetail, Essential

Stakeholder and Interest:Admin i monitoring the camera and detected record

Brief Description: This use case shown the monitoring ondaptured video and detecte

occupants

Trigger: Admin monitor on the detect record and capture video.
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Relationships
Association:

Include : Update databaséace recognition

Extend : Search or filter detected record

Normal Flow of Events:
1. Adminable to view and monitor on captured video
2. Adminis allowed to viewdetected c cupancy 6s det ai l
3. Adminnarrowdownthel et ect ed record by wusing

id to filter the record.

Sub Flows:Not Applicable

Alternate/Exceptional Flows:
la.More than on®ccupanface detected.
IbbSystem fail to record t he fawerecogpizematt
same time.

3a. Keyword is not fined in the detected list.

Table 3.2.22 Use Case Description (3)

Use Case NameViewOccupant glID: 3 Importance Level: High

Primary Actor: Admin Use Case TypeDetail, Essential

Stakeholder and Interest:Admin i monitorthe occupantsdetailwith detected record

Brief Description: Thisuse caseéescribehow toreviewt he occ u pwitmt s 6

detected record

Trigger: Admin able to view comprehensive details aboubecupant within the buildg

management system

Relationships
Association:
Include : Update database

Extend : search name / IDfilter occupant recordhange blacklist status
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Normal Flow of Events:
1. Navigate to vi ewdaecteduggaadnt 6 s det ai |
2. Narrowdown thedata range with defined features.
3. Blacklist the occupants or remove from blacklist.
4

Update the blacklist status change into database.

Sub Flows:

Alternate/Exceptional Flows:

Table 3.2.23 Use Case Description3/5)

Use Case NameReview Building ID: 4 Importance Level: High

Primary Actor: Admin Use Case TypeDetail, Essential

Stakeholder and Interest:Admini able toreview all the detected record within in

building.

Brief Description: This use caseshownh e st eps i nvolved in
detected record within system.

Trigger: Admin able to comprehensively assess and evaluate the status, and occupa

a particular building.

Relationships
Association:
Include : retrieve database

Extend : filter detected record, summarize detected recmding the data.

Normal Flow of Events:
1. Adminabl e to view all the recogni
2. Admin narrowdown the range for view by selecting fleatures.

3. Admin able to sort the table to ham®re streamlinesliew of detailed records.

Sub Flows:Not Applicable

Alternate/Exceptional Flows:
la.Record missing or corrupted.
1b.Some records may not be availableocurate

3a Display error message if sorting cannot be completed

3b. Choose to retry theorting operation or report issue for resolution
Table 3.2.24 Use Case Description4/5)
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Use Case NameAnalysis Report ID: 5 Importance Level: High

Primary Actor: Admin Use Case TypeDetail, Essential

Stakeholder and Interest:Admin i interesting in generating and analyzing occupants
repors.

Brief Description: This use casdescribeshe steps for admin to request, generate and

analyze occupancy reports.

Trigger: Admin able to generate an occupancy analysis report.

Relationships

Association:No Application

Include : Retrieve Database

Extend : View day /month / yeaReport, ViewdDai | 'y Bui l di ngbés O

Normal Flow of Events:
1. Admin select the desired tafor which they want to generate report.
2.Admindet er mi nes the reportés dmeat)e r an
3. The system retrievihe relevant data from database

4. The system process the daganerate and display the reportdashboard

Sub Flows:Not Applicable

Alternate/Exceptional Flows:
3a.insufficient data available to generagguested report

4a.system will display error messageeifor occurs while processing the data

Table 3.2.25 Use Case Descriptionq/5)
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3.3

Invat

users are required to log in before utilising its fezglOnly authorised users, typically
administrators and other authorised staff are allowed accessth logincredential
have been successfully validated, the system &riisgrs to main interface, where they

can choose from a number of modules made to accommodate various functionalities.

Activity Diagram

Login

e

Validate login

credential

Figure 3.3.1 FRLD Activity Diagram ( 1/6)

These modules n c |

ude

<(Choose Function's Classe

system once they have fineththeir tasks.

Bachelor ofinformation Systems (HonourBusiness Information Systems

e %
Monitoring On

Camera
e

View

Occupant's

Detail
o S

Ty

WView Occupants
“ =00 v

™
Review Building

Record
S

Analysis Report
i |

oy

Logout

To ensure secure access and proper functionaittyn the proposed system,

AMonitori ©gc opbe@idinem\aioe
OccupamfiReyi ew Bui | dsermgst I6yeat onorded to leave the
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From mainpage select
view occupants

User

Management
S
Upload Photo

CEE—

;

Retrieve Data HEHE N
From P — —_— Insert
Databases P
Fill in Detail

N

CE—
Display Existing Update
Occupants Occupant Detail
Y— Update
Database
 CE—
Delete
Occupant
—
!
Back to :
Melopage 4’@ Back to Mainpage

-

Figure 3.3.2 FRLD Activity Diagram (2/6)

Figure 33.2 describethe activity proces of the View Occupantmodule.Once user
selected ViewOccupantsmodule The technology smoothly gets comprehensive data
from the database and displays a thorough list of every occupant who is currently
registered. In this system, administrators are given important powers for effective
occupant management. These features include the option to add new people, amend
current occupant information, and remove residents as necessary. Administrators are
prompted to upload the resident's photo and enter any important personal data when
adding anew occupant. Administrators can then submit the information for the new
occupier, and all transactions are immediately and automatically updated in the

database, ensuring reahe information synchronization.
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From mainpage select
Monitoring Camera

User
Management

Display Detected

Occupants' Details

Close Window

Popup
Occupants
Detail Window

View Detected
Occupant's
Detail

Retrieve Data

From
Databases

e

Capture
Occupant's
Face Features

Face Detection &
Recoghnitio
Summarize / Calculate
total available
Occupants

Figure 3.3.3 FRLD Activity Diagram ( 3/6)

Filter Detected
Record by Name /
ID

Back to mainpage

Figure 33.3 describe the activity procesktbe Monitoring Cameralt is outlining the

systematic process of monitoring and managing occupants within the syisiem.

started from obtaining information from database, capgurino c cupant s 6 f ac e
through camera, employing face detection and recognition techniques to identify
individuals. Users are having option to acce$srination about specific occuparts

filter data by name of ID, and the system will calculate the total number of occupants
showsdi scovered occupantcohpredeadivaapproaénsures e al t
effective realtime monitoring and contrpl improving building security and

management.
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From mainpage L >
gl Searchby 1D / e \ A\ Close Occupants Detail
Building Record Occupants "
g Name Detall Window " Window

View Popup Summarized —
Summarised Building Record ’: Close Bﬁidéng Record
Retrieve Data Building Record indow _—

from Database

e
Filter Option Filter Decisions
Display All
i

Recognized
Occupants

v v v v

Filter by floor Filter by Filter by Date Filter by Status
Select Features Entrance

I | | |

v v v v

Sort by
[sm byName Sort by ID ] [ DateTime Sort by Status}

l [ | |

—_—

Figure 3.3.4 FRLD Activity Diagram (4/6)

e

isplay Record

: Back to Main

Figure 33.4 illustrates the activity ofiVi ew Bui |l di ng Recordo mod
user or admi n t clockiroand dlookout recordsumpoaeméentd and

status within the system. Initially, the system retrieves and displays all recognized
record from the database, which have qmeneeds through WML and DL algorithms

for accurate recognitioniThen, users can interact withet retrieved data using three

essential elements which are search by ID or name, view summarized building record

filter option. Users of the first features can lookagzupancy by name or ID, which

opens a detailed occupant window for specialized viewingsé&€bend feature offers a
streamlined building record view that concentrates on status changes likenslacid

clock-outs while removing redundant entries of data. The thirdfesfurovide filtering
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options that let user select whiokcord are presented based on floor, entrance, data,
status specification. Through streamlined data display, the data iedpdaealtime
to fit theselected filters and may be sorted by name, ID, datetime or status that ensuring

an effective anefficient approach to building management.
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From mainpage
select

View Occupant's Detail
Search Retrieve the selected Display
. Occupant's occupant’s detail Retrieved Data
Name /ID from database J In Table

Filter the data
based on filled
keyword

Blacklist the
occupant

Blacklist status

2l Lol
DigaLhldial

Back to Main

Update
database

Figure 3.3.5 FRLD Activity Diagram (5/6)
Figure 33.5 isdescribinghe module ofi Vi ew Oc c u pasawelistucthredt ai | 0
and useiffriendly module for retrieving specific information about target occupants
within the building. Itstarts by allowing users &earch fomparticular occupant using
their name or ID, which triggersthee t r i eval of occupantds det
displaythem in table view for easy acce3$®. streamline the search process, the filter
function is available, enabling usdo narrow dan the dataset for display by utilizing
keywords such as datatime, entrance number, floor level or sfHtese is an
interesting feature which is the ability to manage the blacklist status of occupants within
this module, offering thepgion to blacklistor renove individual from blacklist. The
database is rapidly updated is any status char@eerall, this module gives building
management skill a simple and efficient method for managing and keepéeyg am

certain occupancy.
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Generate Graph of
From mainpage day p

ccupants total count
select in day
Analysis Report
month Generate Graph of
Select Day / Month / Year ccupants total count
in month

Generate Graph of
Retrieve Data year Ccuﬁa?rt‘s :;tral count
from Database y
Backto
Generate Daily Building Mainpage
Select date Occupancy Trends
Graph

Blacklist &

Occupancy Safety
l Alert

Analyse
Retrieved Data

Select Date Range

Select Detected
Occupant Record
Occupant Detail

Select Building's
Occupant

elect data for export

Select Occupant’s
name

Figure 3.3.6 FRLD Activity Diagram ( 6/6)
Figure 33.6,theflAnal ysi s Reporto acti visiveymodileagr am
designed taetrieve analyze, and present data which relatelouitding occupaay. It
starts by retrieving data from database, aftieich the system proceeds to analyze this
data based on predefinedles. The analysed data is then displayed in graph by using
default options for presentation. User will have the flexibility to choose which graph
they would like to view with options su@s total counbf occupants in day, month or
year. Additionally, the system wallsogeneratea daily building occupancy trend graph
based on the selected dagmultaneously, the systeincorporates a blacklist and
occupancy safety alert systemnotify admins or userof any buildingrelated alerts.
Another than that, an essential feature of this module is data e#tgohtenables users
to export data in Excel file format based cmosen applications, such as detected
occupant record during a @m period range, particular occupant details, or all
registered occupastd data i n the building. Il n conc
dashboard for administrators, providing quick access to crucial buitiogpancy

information.
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CHAPTER 4

System Design

4.1  System Block Diagram

FRLD Model

Capture Image by using camera

Image Preprocessing

h 4

face detection by using c f t
MMOD CNN Algorithm ’ | gaudius el Uk

contrast

Adaptive Histogram
equalisation with restricted (d————

Convert Color image to < Scale to standard size
Greyscale Image 250x250 pixels

Feature Extraction

)

‘ Enhanced HoG & CNN l

feature extraction

<Select Landmark forma

Size=small batchsize="hig

Landmarking Face Landmarking Face
features by using features by using
shape_predictor_5 shape_predictor_68

> Compute 128_dimension ¢

face encodings

L

Face Recognition

v

Compare the face features of
both Captured image &
image in database

Recognized ) Unrecognized
Recognized

display
‘unknown
person’

display name

database

Figure 4.1.1 FRLD Block Diagram
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FRLD block diagram (Figure 4.1.1) whigisualize theoverview of the system process
and concepfThe intial step represents the processabturing image from the record
reattime video frame by framd&he system process can be clustering into three main
stages which is image preprocessirfgatures extraction and recognition.

During image preprocessingstage Max-Margin (MMOD) CNN algorithm is
utilized for face detectionThe DLIB-based face detection method known as MMOD
CNN accepts only one parameterpdel Pathwhich specifies the location of the pre
trainedmmod_human_face_detector.dat file stored on discsbounding boxes and
drawon output This method prioritises accuracy above performance §@gdgdnce
a face is detected, the system extracts the face by utilizing tinelibgubox provided
by MMOD. This step is crucial for face recognition, especially when there are multiple
faces in the same framEollowing this, the system resizes the cropped image from
frame to a standardized 250x2piXel format, ensuring consistency in preprocessing.
This standardization simplifies further analysis by enabling models and algorithms to
operate on faces with a ko and fixed size. Additionally, the conversion to grayscale
and adaptive contrast enhancement enhances facial data for analysis. This
preprocessing streamlines the processing, reduces computational complexity, and

sharpens the image, improving the vistibf facial features and detalils.

In feature extraction stagethe system will proceed with enhanced Histogram
of OrientedGradients (HOG) and Ceolutional Neural Network (CNN) features
extraction methods. Thedechniques are used to capture the completails and
distinctive features of human photd4OG is applying hardnegative mining which
record the feature vector that associated with {fptsstive patch together with the
probability of theclassification if there incorrectly labels a particular window as an
objectand it will undoubtedly be falspositives.However, CNNrely on threekey
components for feature extraction from facial image whichCiM&l connect hidden
neurons to localized regions of input images and allow tloenns on specific image
details through learned weights and biases (Local Receptive Fibldsipns with
samestride in local receptive fields shaitee same weights and biases, which reduce
the network compxity and encourages the detectioncommmon features in various
input locations (Shared Weights and BiaseBhe pooling layer reduce spatial

dimensions while keeping important information by choosing the maximum activation
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within small inputregios t o0 condense t he Wfeatwesinapt i ona

[25]. Following feature extraction, the system proceeds to determine the landmark
format based on the batch size of imd§éhe batch size is small, the system weitit

for the shape_predictor_5 landmark format. However, in the case of bagérsize,
shape_predictor_68 format will be chosarhich provide more comprehensive
landmarking face featureBacelandmark whichis localizing and labellingpecific

face regions within (x,y)-coordinates. Theseegions encompassmain facial
components which are mouth, right eyebrow, left eyebrow, left eye, right eye, nose and
jaw. This landmarking proceire is important forprecisely identifying and
distinguishing different face features for subsequent analysis and recognition tasks.
Onceface features completely landmarked, system will computedit@8nsional face
encaling which convert image into informative numerical repraation of facéor

efficient and accurate face recognition during subsequent stages of processing.

After encoding the photo, system wiflle process of comparing the face features
extracted from the captured image in the recorded video with stosed in the
databaseOnce a match detected, system wi ||
else will display unknown and log the information into the database for further

reference.
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4.2 System Flow Description

A system flow descriptiors an important document that illustrate hesweral
modules interact and communicate within a software environment to achieve
functionality or task. Iltacts a comprehensivguide that explains the relationship
between several mates, the informatioexchange antdow they dependence on one
another, all with the aim successfully implenting face recognitio.his description
offers a clearoad map for understandirtge coordinated cooperation between these

modules within thesoftware system.

4.2.1 main_faceRecognition.py

Main.py main_faceRecogntion.py

hmpont face_recognition
import cwv2

import os

import glob

import numpy as np

Cheong Kok Siong
class Facerec:
Cheong Kok Siong
def __init__(self):
self.known_face_encodings = []
self.known_face_names = []

self.frame_resizing = 0.25

Cheong Kok Siong

def load_encoding_images(self, images_path):

images_path = glob.glob(os.path.join(images_path, "=.%"))
print("{} encoding images found.".format(len(images_path)))

for img_path in images_path:
img = cv2.imread(img_path)

Figure 42.1.1 main_faceRecogntion.py (1/3)
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img = cv2.imread(img_path)
rgh_img = cv2.cvtColor(img, cv2.COLOR_BGR2RGB)

basename = os.path.basename(img_path)
(filename, ext)

os.path.splitext(basename)

img_encoding = face_recognition.face_encodings(rgh_img)[0]

# Store file name and file encoding

self.known_face_encodings.append(img_encoding)
self.known_face_names.append(filename)
print(img_encoding)
print(filename)

print("Encoding images Lloaded")

Cheong Kok Siong
def detect_known_faces(self, frame):
small_frame = cv2.resize(frame, (8, 0), fx=self.frame_resizing, fy=self.frame_resizing)

rgh_small_frame = cv2.cvtColor(small_frame, cv2.COLOR_BGR2RGB)
face_locations = face_recognition.face_locations(rgh_small_frame)

face_encodings = face_recognition.face_encodings(rgb_small_frame, face_locations)

Figure 4.2.1.2 main_faceRecogntion.py (2/3)

face_locations = face_recognition.face_locations(rgb_small_frame)

face_encodings = face_recognition.face_encodings(rgh_small_frame, face_locations)

face_names = []
for face_encoding in face_encodings:
# match for the known face(s)

matches = face_recognition.compare_faces(self.known_face_encodings, face_encoding)
name = "Unknown"

face_distances face_recognition.face_distance(self.known_face_encodings, face_encoding)
best_match_index = np.argmin(face_distances)
if matches[best_match_index]:

name = self.known_face_names[best_match_index]

face_names.append(name)

Convert to numpu arrou to adjust coordinates with frome resize guickly

face_locations = np.array(face_locations)
face_locations = face_locations / self.frame_resizing
return face_locations.astype(int), face_names

Figure 4.2.1.3 main_faceRecogntion.py (3/3)

This module(main_faceRecogntion.py) is define a class cafieB a ¢ efor éaceo
recognition which based on those python libraries inclidéda c e _r ecogni t onc

600s 0, Agl obo, a fMade ratagnitiorpoy photo. dhis lass $taot bym
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creating empty lists to store known face encodings and namdsiso have to sea
frameresizing factor foispeed optimizatianThe import modulepre-definedfunction

il oad_encodi nigagesnrangtargeted dath, @rtades the faces in those
photes and store the encoding along with the filenames.The function
Adet ect _ k nilwakes thaiopatdrame which captured from live recorded
videg, resize it and detect the face in each frame, then computes face encodings and
matchthem against the known face encodingse names and locations of recognized

faces in each frame are returned

4.2.2 Main.py

Main.py
import sys
from PySide2.QtWidgets import QApplication, QMainWindow, QTabWidget, QWidget, QLabel, QVBoxLayout, QHBoxLayout, \
QMessageBox
from main_caml import FVWindow
from main_cam2? import FVWindow2
from main_occupants import MainOccupantsWindow
from main_building_record import BuildingRecord_Window
from main_occupant_detail import MainOccupants_DetailWindow
from UI_login import Ui_MainWindow

from main_report import MainReport_Window

Cheong Kok Siong
class LoginWindow(QMainWindow):
Cheong Kok Siong
def __init__(self):
supeb().__init__(ﬂ

self.ui = Ui_MainWindow()

self.ui.setupli(self)

self.ui.pushButton.clicked.connect(self.login)

Figure 4.2.2.1 Main.py (1/6)
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# Set the fixed size of the main window

self.setFixedSize(self.size())

Cheong Kok Siong
def login(self):
username = self.,ui,textEdit.toPlainText()
password = self.ui.textEdit_4.text()
print(username)
print(password)

# Check if the username and password are valid
if username == "aaa" and password == "aaa":
QMessageBox.information(self, "Login Successful", "Welcome, admin!")

self.open_fv_window()
else:
QMessageBox.warning(self, "Login Failed", "Invalid username or password. Please try again.")

Cheong Kok Siong
def open_fv_window(self):
# Create the FVWindow instance

self.myapp = MyApplication()

# Hide the LoginWindow
self.hide()
# Show the FVWindow

self.myapp.show()

Figure 4.2.2.2 Main.py (2/6)

& def closeEvent(self, ewvent):

2 r he EUWAndaw <F G+
# Close the FVWindow if it is open

if hasattr(self, 'MyApplication'):
selLf.myapp.close()

event.accept()

Cheong Kok Siong *
class MyApplication(QMainWindow):
Cheong Kok Siong
def __init__(self):
super().__init__()

self.init_vi()

Cheong Kok Siong *
def init_vi(self):
self.setWindowTitle("Tab Widget Example™)
self.setGeometry(100, 100, 800, 600)
self.resize(1476, 871)
self.setFixedSize(self.size())

# Create a tab widget

tab_widget = QTabWidget()

# Create tabs and add them to the tab widget

#tabl = QWidget()

tab2 = QWidget()

Figure 4.2.2.3 Main.py (3/6)
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#tabl = QWidget()
tab2 = QWidget()
tab3 = QWidget ()
tab4 = QWidget ()
tab5 = QWidget()

tabé = QWidget ()
tab7 = QWidget ()

# tab_widget.addTab(tabl, "M
tab_widget.addTab(tab2, "MainCam")
tab_widget.addTab(tab3, "ExitCam")
tab_widget.addTab(tab4, "Occupant_Record")
tab_widget.addTab(tab5, "Building_Record")
tab_widget.addTab(tabé, "Occupant_Detail™)

tab_widget.addTab(tab7, "Analysis Report")

layout2 = QVBoxlLayout()

fv_window = FVWindow() # Create an instance of
lTayout2.addWidget(fv_window)
tab2.setLayout(layout2)

layout3d = QVBoxLayout()
fv_window2 = FVWindow2()
layout3.addWidget(fv_window2)
tab3.setLayout(layout3)

layoutda = QVBoxLayout()
occ_window = MainOccupantsWindow()

Figure 4.2.2.4 Main.py (4/6)

layout4 = QVBoxLayout()

occ_window = MainOccupantsWindow()
layout4.addWidget(occ_window)
tab4.setLayout(layout4d)

layout5 = QVBoxLayout()

building_window = BuildingRecord_Window()
layout5.addWidget(building_window)
tah5.setlayout(layouth)

layouté = QHBoxLayout()

occ_detail_window = MainOccupants_DetailWindow()
layouté.addStretch() # Add stretchable space before the content
layouté.addWidget(occ_detail_window) # Add the content
layouté.addStretch() # Add stretchable space after the
tabé.setlLayout(layouté)

layout7 = QVBoxLayout()
report_window = MainReport_Window()
layout7.addWidget(report_window)
tab7.setlLayout(layout7)

# Set the central widget to the

self.setCentralWidget(tab_widget)

ab widget

Cheong Kok Siong

def main():

# Create the QApplication instance

app = QApplication(sys.argv)

Figure 4.2.2.5 Main.py (5/6)
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self.setCentralWidget(tab_widget)

Cheong Kok Siong

def main():

app = QApplication(sys.argv)
loginWindow = LoginWindow()
loginWindow.show()

sys.exit(app.exec_())

[ if __name__ == '__main__":

main()
Figure 4.2.2.6 Main.py (6/6)

Main.py which is the main module thes a central module to connect all the developed
modules.The user interfacefor main.pyis developed based on PySide2 librake
Ul_login.py. It starts with login window where usenter his/her login credentials, if
login successa main application window is displayed with tabs for different functions,
such as managing camera feeds, hagdoccupant and building records, viewing
occupant details, and generatiagalysis reportsThe code organizes these functions
using layout and widgets. Overall, it is a u@ndly interface for managing building

occupancydata andelated tasks.
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4.2.3 main_caml.py & main_amz2.py

import sys

import re

import cv2

from UI_caml import Ui_FVWindow

from PySide2.QtGui import QPixmap, QImage, (FontMetrics, QFont, QColor

from PySide2.QtWidgets import QApplication, QMainWindow, QLabel, OFrame, QMessageBox, QAction, QListWidgetItem, \
QListWidget

from PySide2.QtCore import Qt, QTimer, QRect, OCoreApplication

from PySide2.QtSql import QSqlDatabase, QSqlQuery

from datetime import datetime

import sqlite3

from test_main_occupants import MainOccupantsWindow

from main_occupant_detail import MainOccupants_DetailWindow
from main_faceRecogntion import Facerec

sfr = Facerec()
sfr.load_encoding_images("images/")

Figure 4.2.3.1main_caml.py & main_camz2.py(1/20)

Cheong Kok Siong
class FVWindow(QMainWindow) :
Cheong Kok Siong
def __init__(self):
super().__init__()

# Create an instance of the Ui_FVWindow class

self.ui = Ui_FVWindow()

by

# 224, 230)

# background-color: {custom_color.name()} ]

self.ui.setupUi(self)

self.detail_window = None
# Set the fixed size of the FVWindow
self.setFixedSize(self.size())

# Add any additional

up for the FVWindow

self.create_detected_occupants_table()

# Open the c

self.cap = cv2.VideoCapture(l)
self.cap.set(cv2.CAP_PROP_FRAME_WIDTH, 1201)
self.cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 550)

Figure 4.2.3.2main_caml.py & main_cam2.py(2/20)

60

Bachelor ofinformation Systems (HonourBusiness Information Systems
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER

FuAfind e

= cv2.VideoCapture(l)

¥
0]
1]

E

Create o QLabel widget to display the Image

self.image_label = QlLabel(self.ui.frame)

self.image_label.setGeometry(QRect(0, 0, 12681, 5568))
self.image_Tlabel.setScaledContents(True)
self.photo_label = QLabel(self.ui.frame_2)
self.photo_label.setScaledContents(True)
self.photo_label.setGeometry(QRect(5, 0, 238, 220))

self.listWidget = QListWidget(self.ui.listWidget)
self.listWidget.setGeometry(0,0,275,1500)
self.listWidget.setAutoScroll(True)

self.listWidget.itemClicked.connect(self.click_Tlist_item)

Start the timer to update the frame
# self.timer )
# self.timer
# self.timer
# self.timer

Figure 4.2.3.3main_caml.py & main_cam2.py(3/20)

35
self.ui.textBrowser_13.setFixedHeight(text_browser_height)

text_browser_height =

self.uli.textBrowser_12.setFixedHeight(text_browser_height)
self.ui.textBrowser_1l4.setFixedHeight(text_browser_height)

self.ui.plainTextEdit.setFixedHeight(text_browser_height)

# Set the font size of the textBrowser widgets
font_size = 12
font = QFont()

font.setPointSize(font_size)

self.ui.textBrowser_12.setFont(font)
self.ui.textBrowser_13.setFont(font)
self.ui.textBrowser_1l4.setFont(font)

# Start the timer to update the current time

self.time_tim = QTimer()

self.time_timer.timeout.connect(self.update_frame)
n t(

.update_list_background)

self.time_timer.timeout.conne

[e ]

t(self.update_datetime)
self.time_timer.timeout.connect(self.count_occ_in_building)

self.time_timer.start(1l088) # U

se

every 1 second

self.ui.pushButton.clicked.connect(self.filter_list_widget)

Figure 4.2.3.4main_caml.py & main_camz2.py(4/20)
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self.ui.pushButton.clicked.connect(self.filter_list_widget)

n
1]
o
—
"
6
H

Cheong Kok Siong
def create_detected_occupants_table(self):
db = QSgqlDatabase.addDatabase("QSQLITE")
db.setDatabaseName("Occupants.db")
if not db.open():
print("Failed to connect to the database.")

# Connect to the database

return

ute a query to create the "Detecte
query = QSqlQuery()
query.prepare(
'''CREATE TABLE IF NOT EXISTS Detected_Occ(

RecordID INTEGER PRIMARY KEY AUTOINCREMENT,
OID INTEGER,
Name VARCHAR(255),
Contact CHAR(11),
DetectedDT DATETIME,
Photo BLORB,
Zone CHAR(10),
Status CHAR(5)
)

Figure 4.2.3.5main_caml.py & main_camz2.py(5/20)

Status CHARC(5)
)
LI ) )

if not query.exec_():
print("Failed to create the Detected_Occ table.™)
db.close()
return

# Close the database connecti

db.close()

on

Cheong Kok Siong
def update_status_in_occ_status(self, detected_name, new_status, zone):
try:
# Connect to the database
db = QSglDatabase.addDatabase("QSQLITE")
db.setDatabaseName("Occupants.db™)
if not db.open():
print("Failed to connect to the database.")
return

# Create a QSglQuery object

guery = QSglQuery()

tatus before vpdating

ry.prepare("SELECT Status FROM occ_status WHERE Name = 2")

# Retrieve the current
e

Figure 4.2.3.6main_caml.py & main_camz2.py(6/20)
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# Retrieve the current status before updating
query.prepare("SELECT Status FROM occ_status WHERE Name = ?")
query.addBindValue(detected_name)
if query.exec_() and query.next():
current_status = query.value(0)
else:
print(f"Failed to retrieve current status for '{detected,name}'|frnm 'occ_status' table.")
db.close()

return

update if the new status is di

if current_status != new_status:
current_datetime = datetime.now().strftime("%m/%d/%Y %H:%M:%5")

[¢] st us' T

query.prepare("UPDATE occ_status SET Status = ?, LastDeteced = ?, Zone = ? WHERE Name = ?")
guery.addBindValue(new_status)

guery.addBindValue(current_datetime)

query.addBindValue(zone)

query.addBindValue(detected_name)

if query.exec_():

print(f"Updated 'Status' for '{detected_name}' to '{new_status}' in 'occ_status' table.")
else:

print(f"Failed to update 'Status' for '{detected_name}' in 'occ_status' table.")
rt into

i_Trans' table

query.prepare("INSERT INTO Detected_Trans (0ID, Name, LastDetectedDT, Zone, Status) "

Figure 4.2.3.7main_caml.py & main_cam2.py(7/20)

query.prepare("INSERT INTO Detected_Trans (0ID, Name, LastDetectedDT, Zone, Status) "
"SELECT 0ID, Name, LastDeteced, Zone, Status FROM occ_status WHERE Name = 2")
query.addBindValue(detected_name)

if query.exec_():

print(f"Inserted into 'Detected_Trans' table: {detected_name}, {current_datetime}, {new_status}")
else:

print(f"Failed to insert into 'Detected_Trans' table for '{detected_name}'.")

else:
print(f"No change in status for '{detected_name}'.")

lose the database connection

db.close()

except Exception as e:
print("Error updating status:", e)

Cheong Kok Siong
def count_occ_in_building(self):
try:

db = QSqlDatabase.addDatabase("QSQLITE")

db.setDatabaseName("Occupants.db")

if not db.open():
print("Failed to connect to the database.")
return

query = QSqlQuery()

Figure 4.2.3.8 main_caml.py & main_cam2.py(8/20)
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query = QSqlQuery()
if query.exec_("SELECT COUNT(%) FROM occ_status WHERE Status = "IN'"):
if query.next():
in_count = query.value(0)
text = f"Head Count: {in_count}"
self.ui.textBrowser_14.setPlainText(text)
else:
print("Failed to retrieve count from 'occ_status' table.")
else:
print("Failed to execute query.")

db.close()

except Exception as e:
print("Error:", e)

Cheong Kok Siong
def update_frame(self):
face_cascade = cv2.CascadeClassifier(cv2.data.haarcascades + "haarcascade_frontalface_default.xml")
ret, frame = self.cap.read()
if ret:
gray = cv2.cvtColor(frame, cv2.COLOR_RGB2GRAY)

faces = face_cascade.detectMultiScale(gray, scaleFactor=1.1, minNeighbors=4)

face_locations, face_names = sfr.detect_known_faces(frame)

Figure 4.2.3.9main_caml.py & main_camz2.py(9/20)

for (x, y, w, h), face_name in zip(face_locations, face_names):
is_blacklisted = self.check_blacklist(face_name)

for face_loc, name in zip(face_locations, face_names):
# top=yl left=x1 bottom=y2 right=x2

y1l, x1, y2, x2 = face_loc[B], face_loc[1], face_loc[2], face_loc[3]

cv2.putText(frame, name, (x1, yl - 10), cv2.FONT_HERSHEY_DUPLEX, 1, (@, 8, 0), 2)
if is_blacklisted:
color = (0, 0, 200)

elif "vip" in name:
color = (200, B, 0)
else:
color = (O, 200, @)

cv2.rectangle(frame, (x1, yl1), (x2, y2), color, 4)

# Retrieve data from the database based on the recognized foce name
data = retrieve_data_from_database(face_name)
# Display the retrieved data

self.ui.textBrowser_7.setText(str(data.get("10", "")))
self.ui.textBrowser_4.setText(data.get("NAME"))

#self.vi.textBrowser_7.setText("Contact: " + data.get(

Figure 4.2.3.10main_caml.py & main_cam2.py(10/20)
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self.ui.textBrowser_é4.setText(data.get("NAME"))

self.ui.textBrowser_é.setText(data.get("COMPANY"))

current_datetime = datetime.now().strftime("%m/%d/%Y %H:%M:%5")
self.ui.textBrowser_18.setText(current_datetime)

photo_data = data.get("PHOTO", None)

d _new record in Detected c
db = QSqlDatabase.addDatabase("QSQLITE")
db.setDatabaseName("Occupants.db")

if not db.open():

print("Failed to connect to database.")
return

query = QSqlquery()

query.prepare("INSERT INTO Detected_Occ (0ID, Name, Contact, DetectedDT, Photo, Zone, Status) VALUES(?, ?, ?, 2, 2, 2, ?)")
query.addBindValue(data.get("ID", ""))

query.addBindValue(data.get ("NAME"))

query.addBindValue(data.get("CONTACT", ""))

query.addBindValue(current_datetime)

query.addBindValue(data.get("PHOTO", None))

query.addBindValue(data.get("ZONE", "LV01_Z01"))

query.addBindValue(data.get("STATUS", "IN"))

new_zone = data.get("ZONE", "LVO1_Z01")

oid = data.get("ID", "")
detected_dt = current_datetime

Figure 4.2.3.11main_caml.py & main_cam2.py(11/20)

oid = data.get("ID", "")
detected_dt = current_datetime
contact = data.get("CONTACT", "")
status = data.get("STATUS", "IN")

if not query.exec_():
print("Failed to insert record into Detected_Occ:", query.lastError().text())

self.update_status_in_occ_status(name, "IN", new_zone)

if photo_data is not None:

a e 1 the

QImage.fromData(photo_data)

if not image.isNull():

to fit the label size

image.scaled(self.photo_label.size(), Qt.AspectRatioMode.KeepAspectRatio,

Qt.SmoothTransformation)

pixmap = QPixmap.fromImage(scaled_image)
self.photo_label.setPixmap(pixmap)

i the face

cv2.rectangle(frame, (x, y), (x + w, y + h), (0, 255, 0), 2)

datetime_obj = datetime.strptime(detected_dt, "%m/%d/%Y %H:%M:%S")
detected_dt_formatted = datetime_obj.strftime("%d-%m-%Y %H:%M:%S")

item_text = f"0ID: {oid}\nName: {nameM\nContact: {contactMnDetected Time: {detected_dt_formatted}\nStatus: {status}\n"

Figure 4.2.3.12main_caml.py & main_cam2.py(12/20)
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frame_rgh = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
image = QImage(frame_rgb.data, frame_rgb.shape[1], frame_rgb.shape[0], QImage.Format_RGB888)

item_text = f"0ID: {oid}\nName: {name}\nContact: {contact}\nDetected Time: {detected_dt_formatted}\nStatus: {status}\n"
item = QListWidgetItem(item_text)
is_blacklisted = self.check_blacklist(name)
if is_blacklisted:
item.setBackground(QColor (255, 200, 200))
else:
item.setBackground(QColor (255, 255, 255))

self.listWidget.insertItem(B8, item)

db.close()

nt BGR to RGB and nlay it

pixmap = QPixmap.fromImage (image)
self.image_label.setPixmap (pixmap)

Figure 4.2.3.13main_caml.py & main_cam2.py(1320)

Cheong Kok Siong
def update_datetime(self):

# Update current date in textBrowser_ 13

current_date = datetime.now().strftime("%d-%m-%Y") # Changed format here

self.ui.textBrowser_13.setText(current_date)

# Update current time ii extBrowser_12

current_time = datetime.now().strftime("%H: :%M:%S")

self.ui.textBrowser_12.setText{current_time)

Cheong Kok Siong
def openOccupantsWindow(self):

# Create the MaginOccupantsWindow instance

self.occupantsWindow = MainOccupantsWindow()

# Hide the FVWindow

self.hide()

# Show the Mainc

uvpantswWinaow

self.occupantsWindow.show()

Figure 42.3.14main_caml.py & main_cam2.py(14/20)
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Cheong Kok Siong
def retrieve_detected_occupants(self):
# Connect to the database
db = (QSqglDatabase.addDatabase("QSQLITE")
db.setDatabaseName("Occupants.db")
if not db.open():
print("Failed to connect to the database.™)
return

ecute a query to fetch records from Detected
query = QSqlQuery()
query.prepare("SELECT * FROM Detected_Occ")
if not query.exec_():
print("Failed to fetch records from Detected_Occ table.")
db.close()

return

H:

while query.next():
oid = query.value(l)
name = query.value(2)
contact = query.value(3)
detected_dt = query.value(4)
status = query.value(7)

Figure 4.2.3.15main_caml.py & main_cam2.py(15/20)

status = query.value(7)
item_0ID = oid

datetime_obj = datetime.strptime(detected_dt, "%m/%d/%Y %H:%M:%S")

detected_dt_formatted = datetime_obj.strftime("%d-%m-%Y %H:%M:%S")

item_text = f"0ID: {oid}\nName: {name}\nContact: {contact}\nDetected Time: {detected_dt_formatted}\nStatus: {status}\n"
item = QListWidgetItem(item_text)

self.listWidget.insertItem(0, item)

# Close the dat

db.close()

Cheong Kok Siong
def update_list_bhackground(self):
for row in range(self.listWidget.count()):
item = self.listWidget.item(row)
item_text = item.text()

lines = item_text.split("\n")
name_line = next(line for line in lines if "Name:" in line)

name = name_line.split(":")[1].strip()

is_blacklisted = self.check_blacklist(name)

Figure 4.2.3.16main_caml.py & main_cam2.py(16/20)
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if is_blacklisted:
item.setBackground(QColor(255, 200, 200))
else:
item.setBackground(QColor({255, 255, 255))

Cheong Kok Siong
def click_list_item(self, item):

# Acce

ss t
clickedItem = item.text()

he clicked item

print(clickedItem)
match = re.search(r"\b\d+\b", clickedItem)
if match:
clicked_0ID = match.group()
print(clicked_0ID)

# If the detail window doesn't exist or has been clos

if not self.detail_window or not self.detail_window.isVisible():
self.detail_window = MainOccupants_DetailWindow()

# Set the clicked item name in the detail window

self.detail_window.set_clicked_item(clickedItem, clicked_0ID)

# Show the detail window

self.detail_window.show()

Cheong Kok Siong

Figure 4.2.3.17main_caml.py & main_cam2.py(17/20)

Cheong Kok Siong
def filter_list_widget(self):
filter_text = self.ui.plainTextEdit.toPlainText().strip().Llower()

for index in range(self.listWidget.count()):
item = self.listWidget.item(index)
item_text = item.text().lower()
if filter_text in item_text:
item.setHidden(False)
else:
item.setHidden(True)

Cheong Kok Siong
def check_blacklist(self, facename):
db = (QSqlDatabase.addDatabase("QSQLITE")
db.setDatabaseName("0Occupants.db™)

if not db.open():
print("Failed to connect to the database.")
return False

query = QSqlQuery()
query.prepare("SELECT COUNT(*) FROM Blacklist WHERE NAME = :name")
query.bindValue(":name", facename)

if not query.exec_():

print("Failed to check if occupant is in Blacklist.™)
db.close()

Figure 4.2.3.18main_caml.py & main_cam2.py(18/20)
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i+ not query.exec_():

print("Failed to check if occupant is in Blacklist.")

db.closel()
return False

query.next ()
count = query.wvalue(O)
db.close()

return count > 0

Cheong Kok Siong

def retrieve_data_from_database(face_name):

try:

# Connect to the database
conn = sqlite3.connect("Occupants.dhb")
¢ = conn.cursor()

# Exec
c.execute("SELECT = FROM Occupants WHERE Name = 2",
data =

ute a SELECT query to retrieve the data based

c.fetchone()
the

database connectio

data as a dictionary

on the face

(face_name,))

Figure 4.2.3.19main_caml.py & main_cam2.py(19/20)

if data:
return {
"ID": datal[©],
"MAME" : datalll],
"CONTACT": datal2],
"COMPANY": datal3],

"DATE/TIME": datal4],
"PHOTO":datal[8]

except sqlite3.Error as e:
print("Error retrieving data

return {}

_hame__ == "__main__

# Create the QApplication instance
app = QApplication(sys.argv)

# Create the FVWindow instance
fvWindow = FVWindow()

# Show the main window directly
fvWindow.show()

# Start the applica on event Lloop

from database:

", ed

Figure 4.2.3.20main_caml.py & main_cam2.py(20/20)
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The "main_cam1.py" and "main_camz2.py" files define the "FVWindow" class, crucial
for system functionality. They import various modules such as Pyside2, sqlite3, cv2, re,
sys, and predefined classes like "Facerec" fromaifinfaceRecognition” for loading
encoding images.

The process begins with the "retrieve_data_from_database" function, fetching
data using SQL commands. The "create_detected_occupants_table" function structures
data storage for detected occupants, ensarogfabase file is present. The heart of the
system lies in the "update_frame" function, employing OpenCV's Haar Cascade
Classifier for face detection and processing video frames. It detects faces, recognizes
known occupants via the "detect_known_facesfiction, updates the GUI with
occupant information, inserts new records into the "Detected_Occ" table, and highlights

blacklisted individuals in red.

"Update_status_in_occ_status" is responsible for updating the "occ_status"
table with new status, lastteetion timestamp, and zone, also inserting corresponding
records into "Detected_Trans." "Filter_list widget" allows users to filter detected
occupants based on keywords. "Click_list_item" manages interactions when users click
on list items, displaying datled occupant information. The "check_blacklist” function
determines if an occupant is blacklisted and is used in "update_list_background," where
blacklisted individuals are displayed in reBoth "main_caml.py" and
"main_cam2.py" classes and functionarghsimilarities but serve different purposes.
"main_caml.py" acts as an entry camera, recording occupants' status as "IN," while

"main_cam2.py" serves as an exit detector with recorded statuses as "OUT."

70
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4.2.4 main_occupantspy

import os
-
import numpy as np
from UI_occupant_record import Ui_MainWindow

from PySide2.QtWidgets import QMainWindow, QApplication, QTextEdit, QTableWidgetItem, (SizePolicy, QHeaderView, QLabel, QMessageBox, QFileDialog, QLineEdii

from PySide2.QtGui import QFont, QPixmap, QInmage
from PySide2.QtCore import Qt, QTimer, QDate, QByteArray, QBuffer, QIODevice, QRect
from PySide2.QtSql import QSqlDatabase, QSglQuery

from datetime import datetime
from main_faceRecogntion import Facerec

class MainOccupantsWindow(QMainWindow, Ui_MainWindow):

def __init__(self):
super(MainDccupantsWindow, self).__init__()

self.setupli(self)

.setFixedSize(self.size())
setupReadOnlyFields()

.setupFieldStyle() # Set st the dateEdit
.setFieldFont()

a
S35 5

.phota_label = QLabel(self.frame)
.photo_label.setScaledContents(True)
.photo_label.setGeometry(QRect(160, B, 330, 3208))

® @ ®
[l

self.create_occupants_table()]

Figure 4.2.4.1main_occupants(1/19)

SEH.create,uccupants,tsble()l

self.timer = QTimer()
self.timer.timeout.connect(self.populateTable)
self.timer.start(10000) # Refresh every 16 seconds

# Populate the table ini

self.populateTable()

self.tableWidget.cellClicked.connect(self.populateTextEdit) # Connect cellClicked signal to populateTextEdi

size and

self.adjustTableSize() #

self.btn_refresh.clicked.connect(self.refreshiindow)
self.btn_add.clicked.connect(self.add0ccupant)
self.btn_update.clicked.connect(self.updateOccupant)
self.btn_dlt.clicked.connect(self.deletelccupant)
self.btn_refresh.clicked.connect(self.refreshWindow)
self.upload_photo.clicked.connect(self.uploadButtonClicked)

btn_bck.clicked.connect(self.back_to_main())

self.ip_photo = QLineEdit() # Create the ip_phote attribute as a QLineEdit object

Cheong Kok Siong
def create_occupants_table(self):
# Connect to the database
db = QSqlDatabase.addDatabase("QSQLITE")
db.setDatabaseName("Occupants.db")
if not db.open():
print("Failed to connect to the database.")

Figure 4.2.4.2main_occupants(2/19)
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it ot e me s e g e

print("Failed to connect to the database.")
return
# Execute a query to insert the new occupant into the database

query = QSqlqQuery()
query.prepare(
"""CREATE TABLE IF NOT EXISTS Occupants(

OccupantsID INTEGER PRIMARY KEY AUTOINCREMENT,
Name VARCHAR(255),
Contact CHAR(11),
DOB DATE,
Gender VARCHAR(255),
Company VARCHAR(255),
Position VARCHAR(255),
DateAccessed DATETIME,
Photo BLOB
)
)

Cheong Kok Siong
def populateTable(self):

# Connect to the database
db = QSqlDatabase.addDatabase("QSQLITE")
db.setDatabaseName("Occupants.db")
if not db.open():
print("Failed to connect to the database.")

return

Figure 4.2.4.3main_occupant$3/19)
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Figure 4.2.44 main_occupantg4/19)

Figure 4.2.4.5 main_occupant$5/19)
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