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of Engineering at University of California, San Diego (UCSD). He received his B.S. in
Mechanical Engineering, his M.S. and Ph.D in Materials Science and Engineering all
from the University of California, Davis. During his PhD studies, he also worked at the
Lawrence Livermore National Laboratory where he studied material defects using
positron annihilation spectroscopy. Prior to his position at UCSD, he was a professor at
UC Riverside where he also served as Chair of the Materials Science & Engineering
Program.

As the director of the Advanced Material Processing and Synthesis (AMPS) Lab at
UCSD, Professor Garay focuses his research on materials property measurements, the
integration of materials in devices with application in optical devices, magnetic
devices, thermal energy storage/ management, and materials synthesis and
processing with an emphasis on designing the micro/nanostructure of bulk
materials/thin films for property optimization. He is also particularly interested in
understanding the role of the length scale of nano-/ micro-structural features on light,
heat and magnetism.

A. T. Charlie Johnson Jr.
University of Pennsylvania,
Philadelphia, PA, USA

A.T. Charlie Johnson is a professor of physics in the Department of Physics and
Astronomy at the University of Pennsylvania. He received his B.S. in physics from
Stanford University and his Ph.D. in physics from Harvard University. He did
postdoctoral fellowships at the Delft University of Technology (Applied Physics) and
NIST (Cryoelectronic Metrology). His honors include the Christian R. and Mary F.
Lindback Foundation Award for distinguished teaching at Penn, the Jack Raper
Outstanding Technology Directions Paper Award of the International Solid State
Circuit Conference, an Alfred P. Sloan Research Fellowship, and a Packard Fellowship
for Science and Engineering.

Dr. Johnson’s research is focused on the nano-scale transport properties (charge,
energy, spin, etc.) of nanostructures and single molecules, including carbon
nanotubes, graphene, DNA, synthetic proteins, and other biomolecules. He is
particularly interested in the physical properties of hybrid nanostructures and their use
in molecular sensing. Other research interests include the development of scanning
probe techniques for electronic property measurement of nanomaterials and

https://aip.scitation.org/adv/info/editors 2/8


http://www.physics.upenn.edu/people/a.t.johnson.html

1/5/22, 11:23 AM AIP Advances
nanodevices, molecular electronics and nanogaps, local probes of nanoscale systems,
and nanotube and nanowire electronics.

Ben Slater
University College London (UCL),
London, United Kingdom

Ben Slater is a reader at UCL Chemistry. He received his BSc in chemistry from the
University of Nottingham and was awarded his PhD at the University of Reading. He
did postdoctoral work at the Royal Institution of Great Britain (Ri) and became an
assistant director of the Davy Faraday Research Laboratory at the Ri in 1999. He joined
UCL Chemistry in 2007 and was awarded the Royal Society of Chemistry Barrer prize
in 2008.

Dr. Slater’s research is focused on using atomistic computer simulation to understand
and predict the structure and properties of materials. He has published extensively in
the area of porous materials (including zeolites and metal-organic frameworks) and
water ices. He has a particular interest in defects in materials and surface mediated
processes, such as crystal growth.

Masaaki Tanaka
The University of Tokyo,
Tokyo, Japan

Masaaki Tanaka is a professor at the Department of Electrical Engineering &
Information Systems Graduate School of Engineering, University of Tokyo. He received
his Ph.D. in electronic engineering from the University of Tokyo in 1989. In 1992, he
joined Bell Communications Research (Bellcore) at Red Bank, New Jersey, as a visiting
research scientist. Since 1994, he has been at the University of Tokyo as an associate
professor and professor.

Dr. Tanaka's main research field is spin electronics (“spintronics"), in which the spin
degrees of freedom are used in artificially synthesized materials. Among the areas of
his specific research are epitaxial growth, structural characterizations,
electronic/optical/magnetic/spin-related properties (in particular, spin-dependent
transport and mageto-optical properties), and device applications of various new
@ctures. His research on structures and devices includes ferromagnetic metal /
iconductor hybrid structures, llI-V-based magnetic semiconductors and their
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heterostructures, group-IV-based magnetic semiconductors, ferromagnetic
nanoparticles and semiconductor hybrid heterostructures, delta doping of magnetic
impurities in semiconductor heterostructures, and new spin transistors (e.g., spin-
MOSFET) and reconfigurable logic devices.

Enge G. Wang
Peking University,
Beijing, P. R. China

Professor Enge G. Wang is a professor of physics at Peking University and an
academician at the Chinese Academy of Sciences.

Dr. Wang's research focuses on surface physics; the approach is a combination of
atomistic simulation of nonequilibrium growth, chemical vapor deposition of light-
element nanomaterials, and water behaviors in confinement system. He and his
coworkers also predicted a three-dimensional Ehrlich-Schwoebel barrier, which
attracted News and Views in Nature (June 2002). Another contribution is the model
proposal and experimental validation of a true upward atomic diffusion. This was
reported in Physics News Update in June 2003 and News and Views in Nature as well
as Science Week in June 2004.

His work on water-surface coupling and the strength of hydrogen bonds at the
interfaces provides a fundamental understanding of water on surface at the molecular
level.
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Saman Alavi
University of Ottawa, Ottawa, Ontario, Canada

Alexey Arefiev
University of California San Diego, San Diego, CA, USA

Dario Arena
University of South Florida, Tampa, FL, USA

Renkun Chen
Tiversity of California San Diego, San Diego, CA, USA
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Universita' degli studi di Napoli Federico Il, Napoli, Italy

Marian Paluch
University of Silesia, Katowice, Poland

Ras B. Pandey
University of Southern Mississippi, Hattiesburg, MS, USA

Wilfrid Prellier
Laboratoire CRISMAT, Caen, France

Alfons Schulte
@/ersity of Central Florida, Orlando, FL, USA
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Takasumi Tanabe
Keio University, Yokohama, Japan

Claudia Wiemer
National Research Council of Italy, Institute for Microelectronics and Microsystems,
Agrate Brianza (MB), Italy

Eva Zurek
University at Buffalo, Buffalo, NY, USA

Editors of Applied Physics Reviews, Biophysics Reviews, Chemical Physics Reviews,
Applied Physics Letters, Journal of Applied Physics, The Journal of Chemical Physics,
APL Bioengineering, APL Materials, APL Photonics, Biomicrofluidics, Chaos, Journal of
Mathematical Physics, Journal of Renewable and Sustainable Energy, Physics of
Fluids, Physics of Plasmas, and Review of Scientific Instruments may act as Guest
Editors for manuscripts transferred to A/P Advances.
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Abstract. Facial expression is one way of expressing emotions. Face emotion recognition is one of the important and major
fields of research in the field of computer vision. Face emotion recognition is still one of the unique and challenging areas
of research because it can be combined with various methods, one of which is deep learning. Deep learning is popular in
the research area because it has the advantage of processing large amounts of data and automatically learning features on
raw data, such as face emotion. Deep learning consists of several methods, one of which is the convolutional neural
network method that will be used in this study. This study also uses the convolutional auto-encoder (CAE) method to
explore the advantages that can arise compared to previous studies. CAE has advantages for image reconstruction and
image de-noising, but we will explore CAE to do classification with CNN. Input data will be processed using CAE, then
proceed with the classification process using CNN. Face emotion recognition model will use the Karolinska Directed
Emotional Faces (KDEF) dataset of 4900 images divided into 2 groups, 80% for training and 20% for testing. The KDEF
data consists of 7 emotional models with 5 angles from 70 different people. The test results showed an accuracy of 81.77%.

INTRODUCTION

Emotion is an internal condition originating from inside or outside which is indicated externally or the existence
of behavior. Emotion is a natural and powerful way of communication between living things. Expressions of emotions
can be seen by others even though expressed verbally and non-verbally. Verbal expressions for example, in the form
of words by talking about emotions being felt. Non-verbal expressions are facial expressions, physical movements,
pronunciation, body cues, and emotional actions. Facial expressions can be shown by various behaviors and facial
movements. Facial expressions are one of the most commonly used ways to show how you feel. Facial expressions
can represent a person's emotions that can be expressed by facial movements, such as opening lips and raised
eyebrows. These facial behaviors are all shaped by facial muscle movements. Facial expressions are very important
in communication or interpersonal interactions because it is one of the typical indicators of emotions [1] [2] [3].

In recent years, there has been increasing growth in interest in developing technology to recognize individual
emotional states [4]. Face emotion recognition is one of the important and main research fields and one of the most
severe in the computer vision field. Facial emotion recognition is still one of the unique and challenging fields of
research among the computer vision research community [5] [4] [6]. Through recognition of facial expressions, it is
possible to improve, and better understand human interactions, actions, and even feelings [7].

In recent years there have been many advances in artificial neural networks, one of which is convolutional neural
network (CNN). CNN learned the representation of new data for the first time using the convolution layer as feature
extractors and the fully-connected layer for classification. The process of learning new representations on CNN can
be optimized, one of which uses Convolutional Auto-Encoder (CAE). CAE is included in an unsupervised method
that makes it possible to train the convolutional layer independently of the classification task to learn new data
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representations. The weight learned in this first step can then be used as a starting point for initializing the convolution
layer of the neural network [8] [3].

LITERATURE REVIEW

There have been several previous studies in facial expression recognition, such as research conducted by [9] using
the Hierarchical Bayesian Theme Models method to recognize expressions from various angles for 7 types of
expressions, namely afraid, , surprise angry, sad, disgust, happy and neutral, in this research gets 90.24% precision.
In a study conducted by [10] using Facial Movement Features by extracting patch-based 3D Gabor features, selecting
'prominent' patches, and performing patch matching operations, which in this study obtained 92.93% accuracy for the
Japanese Female Facial Dataset Expression (JAFFE) and 94.48% for the Cohn-Kanade (CK) dataset.

Auto-encoder is one method that is widely used in research, such as research conducted by [11] to do face
recognition using the sparse auto-encoder method by using 3 identification algorithms, namely softmax algorithm,
depth-learning top algorithm, and overall fine-tuning algorithm. The data used are ORL, YALE, YALE B, FERET
face dataset and get different results for each dataset type. In this research, identification with softmax algorithm gets
the best results on ORL dataset with an accuracy of 89.38%, whereas identification with depth-learning top algorithm
gets the best results on YALE face dataset with an accuracy of 89.33% and identification with overall fine-tuning
algorithm gets the best results on the FERET face dataset with an accuracy of 94.33%.

The use of CNN in various research fields has been widely carried out. Some of these include research conducted
by [12] CNN used to identify facial recognition on low-resolution images, in that study CNN was successfully applied
and from each of the network architectures used had a 96.02% precision for the CMU PIE dataset and 94, 63% for
Extended Yale B dataset. In a study conducted by [13], CNN was used to identify Thermal Face Recognition, using
the RGB-D-T Face dataset with a resolution of 640x480 and a resolution of 384x288 for RGB images with a total of
15300 images. In that study, CNN was successfully implemented and from each network architecture used it got better
results from traditional recognition such as LBP, HOG and invariant moments with an accuracy of 99.40%. There are
also studies of CNN combined with other methods such as the research conducted by [14] to recognize facial patterns
using the CNN method and Support Vector Machine (SVM), using a FERET dataset consisting of 1400 images with
different light and posture conditions. In that study, CNN and SVM were successfully implemented and produced an
accuracy of 97.50%.

METHODOLOGY

In this research, we are introducing facial emotions recognition using CAE as pre-training on CNN. To achieve
this, in the first step we train CAE on the selected dataset and then, in the second step, we use the weights of the
convolution layer to initialize the convolution layer on CNN. After the training, we conducted a test knowing the
accuracy obtained. Visualization of weight transfer can be seen in the FIGURE 1.

Feature Maps Full connected
Representation Convolution layers hidden layer
+ pooling i
Init Weight | T
= Decision Layer
Input layer + softmax
CAE CMM

FIGURE 1. Experiment Setup
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Autoencoder

CAE first uses several convolution and fusion layers to extract features from inputs into high dimensional feature
map representations and then reconstruct inputs using strided transposed convolution [8]. The auto-encoder
architecture used in our experiment is described in [15]. The encoding section consists of 3 times the convolution layer
followed by 2x2 max-pooling and the ReLU activation layer. More detailed layer information is given in table 1.

TABLE 1. Layer Information

Layer Type Filter Size Channels Activation
Input None 1(gray) None
Convolution 3x3 32 ReLU
Max-Pooling 2x2 32 None
Convolution 3x3 64 ReLU
Max-Pooling 2x2 64 None
Convolution 3x3 128 ReLU

For reconstruction, we use one stride transposed convolution layer per convolution layer and Up-sampling for each
max-pool layer in the encoding layers. Up-sampling is used to reverse the Down-sampling effect of the max-pooling
layers. The weights of the transformed convolution results are the same as those learned in the convolution layer.

Convolutional Neural Network

The architecture used on CNN is the same as the architecture in CAE encoding for feature extraction (convolution
and max-pooling) layers and then uses three fully-connected layer layers (sizes 1024, 512 and 7) for decision making
(classification), first and second has ReL U activation and the third uses Softmax activation. For the dataset, we divide
the available data into training and test sets with a ratio of 80:20 to the total training data of 3920 images and test data
of 560. In the test process an evaluation of network accuracy is carried out with the results obtained in the form of
accuracy.

The Karolinska Directed Emotional Faces (KDEF) Dataset

The KDEF dataset [16] is an image of human facial expressions consisting of 4900 images, made at the Karolinska
Institutet, Stockholm. The images used in this set come from 70 individuals (consisting of 35 women and 35 men)
who display seven different types of expressions (fear, anger, disgust, happiness, neutrality, sadness and surprise).
Each expression is viewed from five different angles (full left profile, full right profile, half left profile, right half
profile and straight) and photographed in two sessions. The KDEF dataset is color photographs. The model used is
Caucasian amateur actors (average age, 25 years; range, 20-30 years). They were ordered to pose with a variety of
different expressions.

RESULT AND DISCUSSION

Of the total dataset divided into two, 80% is used for the training process and 20% is used for the testing process.
In the training process using a dataset of 3920 images with 1500 epochs. The plot loss of the training process can be
seen in FIGURE 2. For the plot of training process accuracy can be seen in FIGURE 3.

In FIGURE 2 shows a graph of loss in the training process, in which the value of loss has decreased significantly
from the first epoch to the 500th epoch. After the 500th epoch the loss value has decreased slowly but is not yet stable
because there is still an increase in the loss value even though it is not too significant. At the 1500th epoch the loss
value was 0.01289 while the lowest loss was obtained at the 1411 epoch with a loss value of 0.0047456.
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FIGURE 3. Plot Accuracy In Training Process

In FIGURE 3 shows the accuracy graph in the training process, where the value of training accuracy has increased
significantly from the first epoch to the 346th epoch. After the 346th epoch the training accuracy value has increased
slowly but has not been stable because there is still a decrease in the value of training accuracy even though it is not
too significant. At the 1500th epoch the accuracy value was 99.55% while the highest accuracy value was obtained at
the 1411 epoch with an accuracy value of 99.90%. In the testing process using a dataset of 560 images with 1500
epochs. The accuracy value in the testing process is far below that of the training process which is 81.77%. while the
training process can produce an accuracy of 99.55%.

CONCLUSION

We present research on introducing emotions using convolutional auto-encoder as a pre-train on CNN on the
KDEF dataset. CNN training uses weights obtained from convolutional auto-encoder in the pre-train process. The
results show the training process gets an accuracy of 99.55% whereas
In the process of testing the system can learn to recognize facial emotions with an accuracy of 81.77%.
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