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Abstract: In the field of image analysis and computer vision, one of the most arduous tasks presently considered is Face
recognition.

The biometric system which basically works on the principle of face recognition is used for the identification or verification of a
person from a digitalized image preferably used in surveillance, security and attendance purpose.

Face Recognition is becoming more popular than other biometric verification methods due to its simplicity, non-invasiveness,
and lack of touch.

The system’s major goal is to identify and recognize faces in a real-time environment, match them with data in the database, and
record their attendance.

This is intended to make the time-consuming manual attendance process more efficient. The main building block on which all
automated systems concerned with human faces are designed is face detection.

In many person-system user interfaces, precise face identification is important; the real implication is the precise approach to
face identification.
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I. INTRODUTION
There is an inherent positive relationship between students’ attendance in schools and colleges and their academic performance in
order to maintain this relationship, it is necessary to encourage their presence and performance in the classrooms, so that students
are motivated to keep up with the progress of the subjects being taught in class, thereby increasing their participation in
school/college.
Attendance management systems have been implemented in schools, colleges, and universities all over the world using a variety of
methods[1].
Traditional method of attendance marking is a tedious task in many schools and colleges. It is also an extra burden to the faculties
who should mark attendance by manually calling the names of students which might take about 5 minutes of entire session. This is
time consuming.
There are some chances of proxy attendance. Therefore, many institutes started deploying many other techniques for recording
attendance like use of Radio Frequency ldentification (RFID), iris recognition, fingerprint recognition, and so on [2].
The process through which we can recognize a face, involves certain steps that has to be mandatorily followed to get the desired
output.
The steps are as follows, firstly it begins with collecting the strong data sets for the students in the class, followed by training them
with a good model, later on detecting the faces with a good model at the time of actual attendance, then feature extraction,
classification of the data acquired and recognition of faces, ending it by transferring the faces recognized to a excel sheet[3].
Human face plays an important role in our day to day life mostly for identification of a person. Face recognition is a part of
biometric identification that extracts the facial features of a face, and then stores it as a unique face print to uniquely recognize a
person. Biometric face recognition technology has gained the attention of many researchers because of its wide application [4].
Face detection is a system in which, using an algorithm, an input image is analysed to determine the part(s) of the image contains a
human face.
In conjunction with face tracking, gesture recognition and individual popularity, a lot of person-system interface (HMI) work may
be effective and appropriate for proper initialization.[5]
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1H1. METHODOLOGY
A face recognition-based attendance system using Raspberry Pi, camera, dataset, I2C module, and LCD display is a system that can
automatically identify and record the attendance of individuals based on their facial features. The system works by first capturing a
video stream from the camera. The video stream is then processed by the Raspberry Pi using a face recognition algorithm to identify
the individuals in the video. Once the individuals have been identified, their attendance is recorded to a database. The 12C module is
used to connect the LCD display to the Raspberry Pi. The LCD display is used to display the attendance records of the individuals.

A. Here is a more detailed overview of the system:
1) Hardware

2) Raspberry Pi

3) Camera

4) 12C module

5) LCD display

6) Software

7) Face recognition algorithm

8) Database

9) Programming language (e.g., Python)

Steps

a) Capture a video stream from the camera.

b) Use a face recognition algorithm to identify the individuals in the video stream.
¢) Record the attendance of the identified individuals to a database.

Display the attendance records of the individuals on the LCD display.
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B. 12C Module

The 12C module is used to connect the LCD display to the Raspberry Pi. 12C is a serial communication protocol that allows devices
to communicate with each other using only two wires. This makes it ideal for connecting devices to the Raspberry Pi, which has
limited GPIO pins.

C. LCD Display
The LCD display is used to display the attendance records of the individuals. LCD displays are relatively inexpensive and easy to
use, making them ideal for this type of application.

1IV. HARDWARE AND SOFTWARE DISCRIPTION:
A. Hardware
1) Raspberry Pi 4B Board
Raspberry Pi 4B Board Around the world, people use the Raspberry Pi to learn programming skills, build hardware projects,
perform home automation, implement Kubernetes clusters and edge computing, and even use it in industrial applications; the
Raspberry Pi is a very cheap computer running Linux, but it also offers a set of GP10s. Raspberry Pi 4 has three different versions 1,
2, or 4 GB of ram; it uses a USB-C power supply, unlike its predecessor. Compared to its predecessor, it has altered positions of
USB ports. It has the same form factor compared to the before model. Raspberry Pi 4B is based on a Broadcom BCM 2711 system
on a chip with a 64bit quadcore arm cortex A72 CPU running at 1.5GHZ; it has some good wireless connectivity. It got a dual-band
802 1-1 BG and an AC WIFI and Bluetooth 5.0, and first time on the raspberry Pi, we have Gigabit Ethernet and 2 USB 2.0 PORTS
AND 2 USB 3.0 PORTS. It has dual 4 k MICRO-HDMI sockets, and it can support 4 k video up to 60 frames/sec. It has 40 GPIO
pin connectors. It has a micro-SD card slot.

2) PiCamera

The Pi camera plays an important role to capture video and detecting face; in Pi camera, there is a little CMOS camera sensor, and
in terms of connectivity, it has a flat ribbon CSI cable where one end of the CSI cable has a piece of blue plastic, and other have
some traces on it as shown in Fig. and this trace is line up with the traces on the Raspberry Pi board zip 15 CSI connector. When we
are using the Pi camera module, we have to enable the camera interface on a Raspberry Pi so if we run the, it gives us the advanced
options; there we have to select the interface and then we have to enable the camera, and for capturing video, we have to use a
command.
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B. Software

1) Raspbian OS

Raspbian OS is an open operating method based on Debian optimized for Raspberry Pi, a collection of fundamental apps and
utilities for running Raspberry Pi. Raspbian, on the other hand, offers even more features than a pure operating system: Over 35,000
packages are included. Software has been precompiled and packaged conveniently. Raspberry Pi is simple to set up. It provides
some available deb software communication, compiled software bundle. Two minimum sizes of GBS card are required, but a 4 GB

SD card or higher is required recommendation.
[ . A - et

2) OpenCV

Open CV is a cross-platform library that allows you to develop real-time computer vision applications. The main focus is on image
processing, video capture, and analysis, including features such as face detection and object detection. Computer vision can be
defined as an area that describes how to reconstruct, interrupt, and understand a 3D scene from a 2D image in terms of the structural
properties that exist in the scene.

3) Cons of Raspberry Pi

Some of the demerits of Raspberry Pi while using it are as follows:

a) Missing eMMC Internal Storage: The major disadvantage of Raspberry Pi is that it does not have any internal memory storage
and SD card works as internal storage for the device. Since the read and write speed of SD Card is much slower than eMMC
(Embedded Multimedia Card), it increases the boot time of the board.

b) Missing Graphics Processor: As we all know that graphics processor plays an important role if the handler is into video editing,
photo editing, and gaming. Whereas, its competitors are providing in-built GPU unit for streamlined experience while running
various graphics-built apps/software.

c) Overheating: The board does not come with integrated heat-sinks or cooling fan. With the deployment of a powerful processor
and multiple features, the board starts to heat up with the average usage of 6-7 hours mainly due to smaller board size, and no
heat dissipation unit available onboard.

d) Unable to Install Windows OS: As we all know Windows is the most common operating system and is also very user friendly,
for gaming, video editing, photo editing and much more alike software. Due to this reason, Raspberry Pi faces tough
competition with counter devices.

e) Real-Time Clock (RTC): The board does not have an RTC with a backup batter

V. EXPERIMENTAL IMPLEMENTATION
A. Capturing of Face Image
Our whole face recognition is done by a Pi camera which is connected to the Raspberry Pi, and for running the code, we have
written the code in Python using the OpenCV library by using the command cv2.capture(0). This camera just records videos and
divides it into frames. If we allow capturing the time, complexity will increase. So, we decided to cut short the frames to one-fourth
of the original amount. This camera records any image in BGR format; we have written the code to change this format to RGB
format.
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B. Face Detection

Face detection consists of two processes, one is locating the face in the picture and the next is facial feature extraction using the dlib
library through a method called Histogram of Oriented Gradients (HOG). The process inside face detection is that the image will be
turned into black and white as we do not need color to detect a face. Then the algorithm looks at every single pixel, and we compare
the darkness of each with its surrounding pixels; and the arrow is drawn in the direction of increasing brightness, and this arrow is
called gradient. If we allow measuring whole pixels, we need to come up with many gradients; it is like we have lost the forest
fortress, so we divided the whole image into 16 x 16 square box pixels and then we count how many gradients in up, down, upright,
left, etc. and we choose the gradient direction which highest number of gradients in it. So finally, we get hog pattern of face. This is
how the face gets detected in the frame.

C. Facial Features Extraction

We have a major concern about a computer that they cannot detect faces that are in a different direction; if you are smiling or if the
face is headed in a different direction, we need to make an algorithm so that it can detect a face in any direction, so this comes up
with an algorithm called face landmark estimation. The outside lining of our faces, the area above the chin, the outer lining of our
lips, the inner lining of our noses, the outlining of our eyes, and the inner lining of our eyebrows make up the main concept of these
face landmark estimations. The major goal is to cover the centre portion of the face in whichever direction we are facing. After
coming up with all these spots, they have a total of 68 precise points that are known as landmarks. The dlib library is responsible for
this landmark estimate algorithm.

D. Encoding of Face Images

The next part is face encoding, and it is easy to match the faces as our database is small, but if we consider Facebook for tagging a
person in the image, it has to retrieve whole data; this may take hours. Therefore, if we make a database for the size of the ear, size
of the eyes, etc., there are many measurements that we cannot cope up with, so we have assigned deep convolution neural network
to do the process, it takes 128 measurements for each face and store in its database in the form of an array. These 128 sets of data
are known as embedding which we later use for face detection.

E. Face Recognition

Face recognition is done by facial feature extraction and matching. Photographs and the facial features of the faces that are to detect
are pre-stored in the local database. Whenever new faces are detected, a 128-byte array of their facial features is created; this data is
matched with the existing database, and the name of the person is displayed. The matching process is done by calculating the
Euclidian distance between the required data and the existing data, and the minimum of the Euclidian distance is taken. The
minimum distance is compared with the predefined threshold; if it is less than the threshold, the name of the person is returned. This
is done by OpenCV which uses an SVM classifier internally.

VI. HAAR CASCADES
Haar Cascade classifier is based on the Haar Wavelet technique to analyse pixels in the image into squares by function. This uses
“integral image” concepts to compute the “features” detected. Haar Cascades use the Ada-boost learning algorithm which selects a
small number of important features from a large set to give an efficient result of classifiers then use cascading techniques to detect
face in an image. Here are some Haar-Features.

1.Edge features

Face Detection determines the
VAN

locations and sizes of human
@ B © © 0 A
faces in arbitrary (digital) images.

2. Line features —
[E[“]:D @ @ In Face Recognition, the use

@ O © @ @ O @ of Face Detection comes first
3, Center-surround features to determine and isolate a
@ face before it can be
recognized.
@ (b
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A. Feature Extraction
As | mentioned earlier, Haar Cascades use machine learning techniques in which a function is trained from a lot of positive and
negative images. This process in the algorithm is feature extraction.

Features

C -

[ -] [ -]
—_ e

A Theoretical
Face Model

Haar features are similar to these convolution kernels which are used to detect the presence of that feature in the given image. The
first two are “edge features”, used to detect edges. The third is a “line feature”, while the fourth is a “four rectangle features”, most

likely used to detected a slanted line.
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B. Haar Features Applied To Image

Each feature results in a single value which is calculated by subtracting the sum of pixels under white rectangle from the sum of
pixels under black rectangle. Every haar feature have some sort of resemblance to identify part of face.

Value = Y (pixels in white area) — Y (pixels in black area)

3

If we consider all possible parameters of the haar features like position, scale and type we end up calculating about 160,000+
features. So, we need to evaluate huge set of features for every 24*24 PX. So, to avoid this we have an idea to avoid redundant
features and pick only those features which are very useful for us. This can be done using AdaBoost.
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VIL.SYSTEM ARCHITECTURE
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The following system architecture, as below The system involves several components, namely the teacher, camera, student, database,
and an Excel file. The process flow begins with the camera capturing an image of a student's face, which is then converted into a
digital format. The captured image is subsequently subjected to facial recognition algorithms, specifically Convolutional Neural
Networks (CNN), for comparison with a database containing previously enrolled student images. The purpose of this comparison is
to determine whether the student's face can be identified. If successful, the student's attendance is marked in a database or Excel file.
The attendance records can be accessed by the teacher, who retrieves the data from the Excel file. Additionally, the system generates
reports that provide information such as attendance records, including student names, student IDs, programs, and dates. These
reports aid in monitoring attendance patterns over time, identifying students who have missed class, and assisting teachers in

tracking student progress.

VIIl.  RESULTS
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IX. CONCLUSION

In this proposed door access system by using face recognition the images are stored in a data base. This system uses door lock
access for Residential and Commercial Purposes. Here we have designed a highly secured door locking system by using Raspberry
pi. Concern persons will be informed successfully about the person detection along with details attached. Face recognition is one of
the several techniques for recognizing people. There are several methods that can be used for that purpose. Some of the most
common are using PCA or eigenfaces. Though there are other new techniques simpler to understand the use and implement but also
with very good performance. The Haar Cascades algorithm is one of those algorithms. As we show Haar Cascades has very good
performance and is very accurate. The complete door unlocking system is implemented in Open CV. This door access system shows
the use of facial recognition techniques for the purpose of security.
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