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Abstract

A facial recognition system may recognise a person by comparing his face to the ones
in a database of faces taken from a digital image or video frame. It is primarily used to verify
the identity of users by analysing facial features from an image. According to several studies,
facial recognition technology has made enormous strides with the growth of science and
technology, but there is still opportunity for its improvement in practical use. Some issues like
rotation, occlusion, and meta learning approach can be handled for improved model accuracy
by using 3D technologies like image augmentation to supplement 2D images. Today's facial
recognition technology can be used for more than only identifying people; it can also be used
for security purposes in residential, business, and commercial applications. Due to its
convenience, face recognition technology is widely employed in the financial sector as well.
This research proposes face recognition for real life applications using Siamese network and

Deep Neural Network, Facenet.
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1. Introduction

The several business sectors utilising and implementing facial recognition technology

include:

1) To secure their facilities, security corporations use facial recognition technology.
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2) In immigration checkpoints, facial recognition is utilised to provide more

sophisticated border control.

3) Ride-sharing companies can use facial recognition technology to ensure that the right

drivers are picking up the right passengers.
4) To identify individuals in rescue operations.

A computer programme called face detection locates and measures the human face in
any given (digital) image. It can be seen as a specific case of object-class identification where
the task is finding and figuring out the sizes of all objects in an image that belong to a certain
class. One way to think of face localization is as a more generalised version of face detection.
Finding the position and dimension of a known quantity of face is the goal of face localization

(usually one).
There are four steps in the methodology:
1) Face Detection
2) Face Extraction

3) Utilizing Siamese network and Deep Neural Network Facenet, the model is trained

using the extracted data as well as additional created data from the existing data.

4) Meta Face Recognition: To put forth a solution that shows resilience against image
variations like rotated images and occlusion and increase the accuracy of face

identification.
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Figure 1. Siamese Network Architecture

2. Methodology
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The methodology is divided into parts, namely:
. Face Detection and Capture
. Model Training
. Face Similarity Match
A. Face Detection and Capture

-> Face detection is the first step in locating and identifying faces in images. Based on

the subject's facial characteristics, analogue data is converted to digital data via face detection.
-> The picture is first snapped.
-> The obtained face is then recognized.

B. Model Training

->The model is trained using anchor and positive images that were captured and

partitioned into test and trained data.

-> Siamese Network, a metric spaced Meta learning algorithm and Facenet is employed

to train the proposed model.

-> By contrasting an anchor image with both a positive sample and a negative sample,

the network is trained.
C. Face Similarity Match

->The face match establishes whether the given face corresponds to any face in the

dataset.

-> A live video feed of the face is captured. The identifying process then uses the

dataset.
->The Siamese neural network calculates the encodings of the captured input image.

->Then, without altering the network's configuration, a different person's image is

obtained as input using the same network.

-> Its encoding is established after that.
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->These calculations are followed by an analysis of the similarity score between the

two images.

3. System Architecture

The system’s architecture is shown below.
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Figure 2. System Architecture

An architecture diagram shows how a software system's components are physically
implemented. It displays the overall architecture of the software system as well as the
constraints, connections, and divisions between the various components. Diagrams greatly
facilitate information retention. They can aid with comprehension and memory as well.

4. Implementation
The implementation process is divided into the following steps:

A. Importing all the necessary Libraries and Photo Capture

. In Jupyter notebook, firstly all the necessary header files are imported. The

accompanying data is for extraordinary libraries like TensorFlow, sklearn, and matplotlib.
. The data for negative images is downloaded.

. Then the images for anchor images and positive images for similarity checking

are captured.

B. Face detection and capture using Computer Vision
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Using Computer Vision (CV), face is identified from the captured image. The whole
idea for the CV is to make an automatic replica of the human eye, which is more efficient than
the human eye. The steps involved are:

1. Generating index for each label

2. Generating image pairs and labels

3. Get the data directory paths

4. Load the images and labels

5. Then visualize positive and negative images.
C. Network Architecture

The network architecture comprises of:

. Embedding Layer

. Siamese Network

1) Embedding Layer

The embedding layer comprises of three sub layers.

2) Siamese Network

Two identical neural networks, each taking one of the two input pictures, make up a
Siamese network. The contrastive loss function, which assesses how similar the two images

are, receives the final layers from both networks.
The different steps are:

1. The Siamese neural network determines encodings for the input picture that has

been captured.

2. After that, an image of a different individual is given into the same network

without changing any of its settings.

3. After that, its encoding is chosen.
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4. After these computations, it can be determined if the two photos are comparable.

11 = LaDist()

# Siamese Model
def make_siamese_model():

name="input_img", shape=(16@, 180, 3))

Input(name="validation _img", shape-(1ee, 1ee, 3))

ese_layer - L1Dist()
siamese_layer. name - "distance”
- siamese_layer(embedding(input_image), embedding(validation_image))

ponents

name="5iameseNetwork")

Figure 3. Siamese Network

D. Training

At this stage, the model is trained using the characteristics that were extracted in the
previous step as input. By comparing an anchor image with both positive and negative samples,
the network is trained. The anchor images and the positive image must differ slightly from one
another, but the anchor image and the negative image must differ greatly.

(1: EPOCHS+1) :
h {}/{}'.format(epoch, EPOCHS))
tils.Progbar(len(data))

_step(batch)
yhat = siamese model.predict(batch[:2])
r.update_state(batch[2], yhat)
p.update_state(batch[2], yhat)
progbar. update(idx+1)

print(loss.numpy(), r.result().numpy(), p.result().numpy())

# Save checkpoints
if epoch % 18 -- e:
checkpoint.save(file_prefix-checkpoint_prefix)

EPOCHS = 58

train(train_data, EPOCHS)

Figure 4. Training

E. Testing

Following these calculations, the similarity score is used to determine whether the two

images are comparable or not.
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5. Output

Siamese Network and Facenet are used to construct a face recognition model, which
accepts images from various perspectives (varying angles). Occlusion, like as wearing a mask,
is also taken into account. Low resolution issue is also taken into account. Siamese Network -
Metric Spaced Meta Learning Algorithm, calculates a result score based on how closely input
images from the dataset match those that were actually recorded, as demonstrated in the
preceding slides. One-shot learning is put into practice. The model's accuracy has increased

when compared to old machine learning models such as PCA and SVM.

Figure 6. Accuracy of face recognition system using PCA
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Figure 7. Accuracy vs Loss Graph of Siamese network- based facial recognition

print(np.max(history.history["accuracy"])*100)

97.81249761581421

Figure 8. Accuracy of Siamese network-based facial recognition
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5. Results and Discussion

A face recognition model is created using Siamese Network - Metric Spaced Meta
Learning Algorithm, which offers result score based on similarities between input images from
the dataset and collected images as illustrated in the preceding slides, and Facenet. Learning

from mistakes is used in practise, and a greater precision is attained.
Here,
1) An input image is contrasted with images from the test images dataset.
2) To calculate the similarity score, the input image and the test images are compared.

3) The output is then given as the last image match.

A. Module 1: Face Detection and Capture

! Image Collec.. — o X

Figure 9. Face Detection and Capture

So, the face for detection is captured using computer vision.

B. Module 2: Face Similarity Match
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The similarity between the captured image and existing images from the dataset is matched.

plt. inshow(test

# Make predictions with reloaded model
siamese_model.predict([test_input, test_val])

array([[9.9982315e-01],
[2.25@0037e-08],
[3.9466153e-07],
.9998772e-01],
.5817835e-09],
.0830544e-01],
.6202382e-06]], dtype=float32)

N

plt.subplot
plt. nshou(test_ioput[e])

# Make predictions with reloaded model
siamese_model.predict([test_input, test_val])

array([[9.9982315e-01],
[2.2500037e-08],
[3.9466153e-07],
[9.9998772e-01],
[5.5817835e-09],
[9.98308544e-01],
[3.6202382e-06]], dtype=float32)

Figure 10. Face Similarity Score

r = Recall()

p = Precision()

for test_input, test_val, y_true in test_data.as_numpy_iterator():
yhat = siamese_model.predict([test_input, test_val])
r.update_state(y_true, yhat)
p.update_state(y_true,yhat)

print(r.result().numpy(), p.result().numpy())
1.0 1.0

Figure 11. Precision and Recall

6. Conclusion
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This concludes the use of Siamese Network and Facenet in the face recognition model.
It catches an image from many angles. Occlusion, such as wearing a mask, is also taken into
account. Low Resolution issue is also taken into account. Utilizes the metric spaced meta
learning method Siamese Network, which calculates a result score based on the similarity
between input images from the dataset and collected images, as demonstrated in the preceding
slides. The use of one-shot learning is made. Greater precision is attained. There is still room
for improvement, such as increasing the model's learning efficiency and accuracy. This is
because we can recognise a person from a captured image by using even a single image of them
as an input in the dataset, and the pre-existing model, without having to train the model from
scratch with all the images. Model’s use is highly specific as one-shot learning eliminates the
need of training a billion images to a model. There is an element of variance, i.e., one-shot

learning is highly susceptible to variance.
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