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Abstract—Face recognition that is technology used for
recognizing human faces based on certain patterns and re-detect
faces in various conditions. Face recognition is currently
becoming popular to be applied in various ways, especially in
security systems. Various methods of face recognition have been
proposed in researches and increased accuracy is the main goal
in the development of face recognition methods. FaceNet is one
of the new methods in face recognition technology. This method
is based on a deep convolutional network and triplet loss
training to carry out training data, but the training process
requires complex computing and a long time. By integrating the
Tensorflow learning machine and pre-trained model, the
training time needed is much shorter. This research aims to
conduct surveys, test performance, and compare the accuracy
of the results of recognizing the face of the FaceNet method with
various other methods that have been developed previously.
Implementation of the FaceNet method in research using two
types of pre-trained models, namely CASIA-WebFace and
VGGFace2, and tested on various data sets of standard face
images that have been widely used before. From the results of
this research experiment, FaceNet showed excellent results and
was superior to other methods. By using VGGFace2 pre-trained
models, FaceNet is able to touch 100% accuracy on YALE,
JAFFE, AT & T datasets, Essex faces95, Essex grimace,
99.375% for Essex faces94 dataset and the worst 77.67% for the
faces96 dataset.
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I. INTRODUCTION

Face recognition is one branch of computer science is an
ability to recognize or identify the person's identity by
analyzing the pattern-based facial contours of human faces
[1]. The development of face recognition methods in the last
two decades shows very rapid progress. Initially, the method
was running very slowly with the results of poor accuracy so
that it cannot be applied daily life until now it can be applied
in real-time by producing excellent accuracy [3]. Currently,
face recognition is used as a technology to provide multiple
security in various practices likes verification of identity,
access authority, observation, to replace passwords and
identity cards that are no longer safe. The use of face
recognition has the benefit of verifying personal data because,
inhuman faces things like irises, retinas, faces are very unique
to each other [2].
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Face recognition has many methods in its application
today. For example, Principal Component Analysis (PCA) [4],
Linear Discriminant Analysis (LDA) [5], and Deep Learning
[6] [7] [8]. PCA is a dimensional reduction method that is
often used to reduce dimensions on a large enough dataset.
You do this by changing variables in large datasets to smaller
parts but still using the information on large datasets. The PCA
method is very widely used because the concept is very simple
and has an algorithm that is relatively efficient at the
computational stage [9].

In signal processing, PCA is known as the transformation
of the Karhunen-Lo eve. The advantage of using PCA is the
low complexity in grouping images, the small database
representation because what is used is only image trainees that
are stored in the form on a reduced basis, the lack of noise due
to the chosen variation is only the maximum by ignoring the
small variation base. The disadvantage of using PCA is a
covariance matrix that is difficult to evaluate accurately, the
difficulty of capturing invariance on PCA unless the data
trainee provides information explicitly. One of the PCA
methods is Eigenfaces. Eigenfaces is unsupervised and it
ignores all the class labels. Eigenfaces use all data in its
entirety by using SVD for dimensional reduction. However,
Eigenfaces are not optimized for class separation. LDA or
known as Fisher's Linear Discriminant or fisher faces and
developed by Fisher which is a classic technique and is
important in the discriminant analysis (DA) or as a
classification [10]. LDA is a supervised data that is very strong
against dimension reduction. By using supervised, LDA is
able to work quite well on a dataset containing more number
of face images. The purpose of the LDA method is to detect
groups of test objects based on the closest average. Each group
has an average vector of each vector characteristic for each
object. The closest measurement is using a distance metric.
The advantages of LDA are the simple, fast and portable
method, and are good for the initial project. The disadvantage
of LDA is an old algorithm. PCA is mainly used for feature
extraction while the LDA is used for classification. There are
many face recognition methods in Deep Learning, such as the
use of Convolutional Neural Networks (CNN) and Artificial
Neural Network (ANN).

FaceNet is one of the uses of face recognition based on
Deep Learning. That is a one-shot learning method using
Euclidean space to calculate the similarity distance for each
face. FaceNet is a fairly new method, introduced by Google



researches in 2015, using Deep Convolutional Network
method. On the study [8], two different architectures were
used, namely The Zeiler & Fergus network method and latest
of Inception network method. CNN in train uses Stochastic
Gradient Descent (SGD) applying backpropagation and
AdaGrad standards. FaceNet is able to provide accuracy of up
t0 99.63% from dataset Labeled Faces in the Wild (LFW) and
95.12% on the YouTube Faces DB. The advantage of using
the FaceNet method is that this model only requires minimal
alignment in terms of cutting the face area quite tightly. The
disadvantage of FaceNet is that the training performance is
quite heavy because it uses a CPU. This study aims to propose
the FaceNet method and test it on a public image dataset. Then
compare with previous face recognition methods to find out
how much face recognition accuracy increases on FaceNet.

II. THEORY

A. FaceNet

FaceNet is a method that uses deep convolutional
networks to optimize its embedding, compared to using
intermediate bottleneck layers as a test of previous deep
learning approaches. This method is called one-shot learning.
In more detail, this method can use a small sample of face
images to produce the initial model, and when there are new
models, the initial model can be used without retraining.
FaceNet directly trains the face using the Euclidean space
where the distance consists of similarities between facial
models. When the results of similarities between face models
are obtained, it will be easy to carry out face recognition and
classification using FaceNet attached become feature vectors.

In the training process, FaceNet applies triplets by
matching face to face with the online novel triplet mining
method. Of course, this triplet consists of a collection of
anchor images, where each image consists of positive and
negative images. Fig. 1 shows the structural model used in
FaceNet. FaceNet consists of batch layers as input and deep
architecture which is deep CNN followed by L2
normalization, that become the result of face embedding [8].
FaceNet also pursued by the triplet loss when the training
process, see Fig. 2.

Triplet loss training methods have three main elements
namely anchor, positive and negative. This triplet loss works
by minimizing the distance between anchors positively and
maximizing the distance between anchors negatively. Where
this positive has the same identity as the anchor and negative
has a different identity from the anchor.
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Fig. 2. The triplet loss training

FaceNet trains its output directly into concise 128-
dimensional embedding by apply triplet based loss method
depend on LMNN [11]. It formed by two thumbnails of
compared faces and thumbnails that do not match and the loss
aim to distinguish between positive and negative pairs using a
range of limit. Thumbnails were cut tightly on the face field,
it didn’t need 2D or 3D adjustment, apart from the ratio and
translation implemented.

B. Multi-task Cascaded Convolutional Neural Networks
(MTCNN)

Convolutional Neural Network is a neural network design
that aims to rate visual images and datasets. MTCNN or Multi-
task Cascaded Neural Networks is a developed version of
CNN [12]. Shows that the proposed MTCNN model show the
innate bond between disclosure and the adjustment of the
usage frames to increase the performance. Purpose of the
proposed MTCNN is to form an avalanched structure and use
it as material for multi-task knowledge to forecast the location
of the face and it is marked in a coarse-to-fine method. Also,
MTCNN aims the bond of 2 tasks. And in its application,
MTCNN is able to detect real-time with fairly high accuracy
[13]. The MTCNN model made from three networks first is
the Proposal Network (P-Net) which functions to get the face
area and give some bounding boxes to the face. Second is the
Refine Network (R-Net), which functions to remove some
bounding boxes on the face by calibrating them and leaving
only an accurate bounding box. And the last is the Output
Network (O-Net). The workings of the O-Net are different
from the previous layers, the O-Net takes the result of the R-
Net in the form of a boundary box and divides it into three
different layers: the first layer for face probabilities in the box,
the second layer to give the boundary coordinates in the box,
the last layer for the coordinates of the five landmarks of the
face.

C. TensorFlow

TensorFlow is one of a public library for large-scale
analytics and machine learning computing using dataflow
graphs. The dataflow graph is to represent the computational,
shared state, and operation calculations that affect certain
states. When data flow graphs are mapped in multiple device
clusters, computational techniques can use one or more CPUs
or GPUs and Tensor Processing Units (TPUs) on one desktop
[14]. TensorFlow combines a set of models and machine
learning algorithms and deep learning (or neural networks).
TensorFlow was found and developed by Google Brain team
researchers and architects from Google's Machine Intelligence
Research organization with the aim of carrying out research in
machine learning and deep neural networks.

TensorFlow may develope and do deep neural networks
for partition the handwritten digit, image identification, word
attaching, recursive neural networks, sequence-to-sequence
methods for machine interpretation, natural language
processing, and Partial Differential Equation (PDE) depend on
simulation [15].

III. IMPLEMENTATION AND RESULTS

In testing using the FaceNet method in this research, many
public datasets such as YALE [16], JAFFE [17], AT&T [18],
Georgia Tech [19], dan Essex [20] were used to obtain the
accuracy of this face recognition method.



TABLE L

FACE IMAGE DATABASE USED

The Total number
Dataset number of of images in Sample images
persons the databases
Yale Database | 15 164
JAFFE 10 213
AT&T 40 400
Georgia Tech 50 750
Essex faces94 | 153 3078
Essex faces95 | 72 1440
J .
Essex_faces96 | 152 3016

The face image dataset is used because it has been widely
used in various face recognition studies and is widely used as
a standard face image dataset. So by using this data set, it will
be easy to compare with other methods that have been
proposed in various previous studies. The face image sample
used with the description of each dataset is shown in Table 1.
To do face recognition with FaceNet, the following steps are
carried out:

A. Preprocessing

In the pre-processing stage, face image detection is carried
out on each image of the MTCNN. When face detection is
successful, the original image on the dataset with the size of x
pixels X y pixels is done by cutting according to the detected
face area with a size of 182 pixels X 182 pixels. Fig. 3 is a
description of this preprocessing process using the MTCNN
method.

Fig. 3. Example of cropping the image on the preprocessing stage using
MTCNN method




B. Training

After the preprocessing process is complete on all data
sets. The next step is to train the model. In this research, pre-
trained data of existing models are used to simplify the
process. The data set in the pre-trained model also influences
the accuracy of face recognition. So in this research two types
of pre-trained models were taken from CASIA-WebFace [21]
and VGGFace2 [22], as a comparison of whether they will
actually influence the quality of the results. Table 2 displays
more detailed descriptions of the pre-trained models used.

TABLE II. PRE-TRAINED MODELS
Model Name LFW Training Architecture
Accuracy dataset
20180408-102900 | 0.9905 CASIA- Inception
WebFace ResNet vl
20180402-114759 | 0.9965 VGGFace2 Inception
ResNet vl

Then training the dataset of images that have been
preprocessed and then collected in a folder called pre img
with labels according to their names and then trained using
TensorFlow machine learning assistance. The results of this
process will produce files in the .pkl format, as an illustration,
see Fig. 4.
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Fig. 4. Training process

C. Results

At this stage, an accuracy testing of face faces in each face
database is carried out. There are eight public face databases
that have been widely used in previous research. This dataset
is selected because it makes it easier during the comparison
process with other methods. The results of the accurate
measurement of face recognition on each face image dataset
are presented in table 3. The measurement technique used is
by using Euclidean space. Every face image that has been
processed using Euclidean space will be compared with the
index label on each face. Using the numpy.mean function
(numpy.equal  (best class indices, label))  where
best class indices is the result of Euclidean space
measurements, and labels are the original labels of each face.
Based on the results of FaceNet testing in Table. 3, this shows
that FaceNet accuracy is very accurate to use in the face
recognition method. But in the Essex faces96 dataset, the
accuracy is not maximal, this is possible because in this
dataset there are several face labels containing different faces
from each other. Therefore differences in facial conditions that
are very extreme will greatly affect the accuracy of using
FaceNet.

TABLE IIL

FACE RECOGNITION RESULTS USING FACENET IN EACH

FACIAL IMAGE DATABASE
Total images | Total images FaceNet rate (in %)
Dataset in the successfully Casia-
database aligned WebFace VGGFace2

Yale 164 164 98.9 100
JAFFE 213 213 100 100
AT&T 400 400 97.5 100
Georgia | 45, 750 100 100
Tech
Essex 3078 3059 99.37 99.37
faces94 ’ ’
Essex 1440 1439 99.65 100
faces95 ’
Essex
faces96 3016 3016 76.86 77.67
Essex

. 360 360 100 100
grimace

IV. COMPARISON WITH PREVIOUS METHODS

After obtaining the results of accuracy on the FaceNet test,
the next step that will be carried out in this study is to compare
the FaceNet method with other face recognition previously
proposed. The other methods that are compared are:

1) Local Texture Description Framework-based Modified
Local Directional Number (LTDF _MLDN) + Nearest
Neighborhood Classifier (NNC) using Euclidean,
Manhattan, Minkowski, G-statistics, and chi-square.
(Only the best value distance metrics is taken) [23].

2) Eigenfaces use PCA and KPCA (Kernel Principal
Component Analysis) methods [24].

3) The string of Grammar Fuzzy K-Nearest Strength
(sgFKNN) [25].

4) PCA + SVM (Support Vector Machine) [4].

To see the comparative results of all tests on each data set
of facial images can be seen in Table. 4. Based on the results
of the comparison method presented in Table 4, it is seen that
the accuracy produced using the FaceNet method is very good
for each dataset that has been tested. FaceNet is able to achieve
almost 100% accuracy for each test. This is because this
method compares for each face after face with the Tensorflow
pre-trained model and machine assistance. The similarity of
the results of accuracy on the JAFFE dataset with other
methods, because this dataset does not show significant
differences in each face, and what distinguishes only facial
expressions. Even though certain datasets have different facial
conditions (such as the use of accessories) that are different,
this has proven to not affect accuracy in this method. It's just
that the results of this accuracy will be affected if one face has
a very different image as in the Essex faces96 dataset. Pre-
trained models also greatly affect the accuracy of FaceNet.
Using VGGFace2 pre-trained models produces better
accuracy compared to the Casia-WebFace pre-trained model.
VGGFace2 pre-trained models actually look superior
compared to the Casia-WebFace pre-trained model. Where it
has been shown in Table 2 that the results of LFW, VGGFace2
pre-trained accuracy measurements have a slight difference of
0.006. Although the accuracy of the LFW results is very slight,
it has a greater impact on the testing of facial image
recognition.



TABLE IV.

COMPARISON OF THE FACENET METHOD WITH THE METHOD IN PREVIOUS RESEARCH ON EACH DATA SET OF FACIAL IMAGES

Eigen faces [24] FaceNet
LTDF_MLDN + NNC sgFKNN PCA + SVM
Dataset
[23] PCA KPCA [25] (4] Casia- VGGFace?
Algorithm Algorithm WebFace ace

Yale Database - 88.26 97.25 - 93 98.9 100
JAFFE 100 (Manhattan & chi- 712 80 100 - 100 100

square)
AT&T 97.5 (chi-square) - - 99.25 98.75 97.5 100
Georgia Tech 83.73 (chi-square) - - 79.57 - 100 100
Essex faces94 - - - 99.37 99.37
Essex faces95 99.09 (g-statistics) - - 99.65 100

70.0 77.0

Essex faces96 - - - 76.86 77.67
Essex grimace 100 (Manhattan & chi- - - 100 100

square)

V. CONCLUSION

This study aims to conduct a survey and test the
performance of the relatively very new face recognition
method called FaceNet. FaceNet is introduced by Google
researches by integrating machine learning in processing face
recognition. Tests were carried out on several public datasets,
such as YALE, JAFFE, AT & T, Georgia Tech, and Essex.
Two pre-trained models are also used in testing, namely
CASIA-WebFace and VGGFace2. From the test values, it
shows that the exactness using FaceNet algorithm is very good
where at each dataset the face image produces recognitions
that can reach up to 100%. The accuracy of the FaceNet
method is also strongly influenced by the pre-trained data
model where VGGFace2 produces better average recognition
accuracy. But in one data set only found an accuracy of about
77%, this is possible because each face label has many
differences, while the training method on FaceNet uses triplet
loss that will minimize the gap of anchor and positive, also
maximize the gap of anchor and negative image, where is the
difference a very significant face can be considered a negative
image. However, based on comparison with other methods,
the FaceNet method is proven to have the best performance.
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