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Abstract

Understanding and predicting human character
traits play a crucial role in various domains ranging
from psychology to human resources. With the
advent of artificial intelligence (AI) and deep
learning algorithms, researchers have explored the
potential of analyzing facial images to predict
human character traits accurately. In this paper, we
present a comprehensive study of the application of
Al techniques for human character recognition. We
review the existing literature on facial image
analysis, Al algorithms, and personality prediction.
Furthermore, we propose a methodology that
leverages deep learning and convolutional neural
networks (CNNs) to extract meaningful features
from facial images. Our experiments demonstrate
the effectiveness of our approach in accurately
predicting  character traits and showcasing
promising results using small-scale datasets. We
discuss the implications of our findings in
psychology, human resources, and personalized
user experiences. Additionally, ethical
considerations, such as privacy and bias, are
addressed. This research contributes to the growing
field of Al-driven character recognition, providing
insights for further advancements and practical
applications in understanding human behavior.

Keywords
Facial Emotion Recognition, DCNN, Al

1. Introduction

In the era of artificial intelligence (Al), the ability to
understand and predict human behavior and
personality traits has become a subject of great
interest and importance. One significant aspect of
human character recognition lies in the analysis of
facial images, which contain valuable cues and
information that can offer insights into an
individual's personality [1-2]. Leveraging the power
of Al algorithms and machine learning techniques,
researchers have begun to explore the potential of
automatically predicting human character traits from
facial images, opening up new avenues for

understanding human psychology and enabling a
wide range of practical applications.

Understanding human character traits has long been
a pursuit of psychologists, who have relied on
traditional methods such as self-report
questionnaires, behavioral assessments, and
interviews. While these methods have proven useful,
they are often subjective, time-consuming, and
prone to bias. With the advent of Al, researchers
have started to explore alternative approaches that
leverage the rich visual information present in facial
images to predict human character traits accurately
and efficiently [3-5].

Facial image analysis has gained significant
attention due to its potential to capture various facial
features, including expressions, micro-expressions,
facial landmarks, and other visual cues that can be
indicative of personality traits. The advent of deep
learning, a subset of machine learning, has
revolutionized the field of facial image analysis and
its application in character recognition. Deep
learning models, such as convolutional neural
networks (CNNs), have demonstrated remarkable
capabilities in learning hierarchical representations
and extracting meaningful features from complex
visual data, making them well-suited for the task of
human character recognition from facial images [6].
The utilization of Al algorithms for human character
recognition from facial images has far-reaching
implications across various domains. In psychology,
it can provide researchers with a novel tool to study
the relationship between facial features and
personality traits on a large scale [7]. By analyzing
large datasets of facial images and associated
character trait labels, researchers can uncover
correlations, patterns, and potential causal
relationships between specific facial cues and
personality dimensions. This can enhance our
understanding of human behavior and contribute to
the development of more accurate and
comprehensive models of personality [8].
Moreover, the practical applications of human
character recognition using Al are vast. In the field
of human resources and hiring, the ability to predict
character traits from facial images can assist
employers in making more informed decisions
during the recruitment process. By analyzing
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candidate facial images, Al models can provide
insights into personality dimensions such as
extroversion, agreeableness, or emotional stability,
complementing traditional assessment methods and
improving the accuracy of candidate evaluations.
This can lead to more effective hiring processes and
better alignment between candidates and job roles.
Additionally, the application of Al in character
recognition has implications for personalized user
experiences [9]. By analyzing facial images, Al
models can tailor recommendations, advertisements,
or user interfaces based on predicted character traits,
providing users with a more personalized and
engaging experience. This can be valuable in various
domains, including e-commerce, entertainment, and
social media platforms, where understanding and
catering to individual preferences and characteristics
are crucial for user satisfaction and engagement.
However, several challenges and considerations
must be acknowledged in the pursuit of human
character recognition using Al. Ethical concerns
related to privacy, data security, and potential biases
must be carefully addressed and mitigated.
Furthermore, the performance and generalizability
of Al models need to be rigorously evaluated across
diverse populations and cultural contexts to ensure
fairness and reliability [10].

In this manuscript, we aim to contribute to the field
of human character recognition using Al by
exploring state-of-the-art approaches,
methodologies, and experimental findings. We
present a comprehensive analysis of the literature,
discuss the potential applications and implications,
and present our own experimental results on
character prediction from facial images. By
examining the capabilities and limitations of Al
models in this domain, we seek to advance the
understanding of human behavior and provide
insights for future research directions [11].

Overall, the fusion of Al and facial image analysis
offers a promising avenue for enhancing our
understanding of human character traits. By
harnessing the power of deep learning and
convolutional neural networks, we can unlock
valuable insights from facial images and pave the
way for practical applications in psychology, human
resources, and personalized user experiences.
Through this research, we aim to contribute to the
growing body of knowledge in this field and foster
advancements that have the potential to transform
our understanding of human behavior.

The remaining sections of this paper are structured
as follows: In Section 2, provides an overview of the
latest strategies in facial emotion recognition by
reviewing the existing literature. Section 3
demonstrates our proposed methodology in detail,

explaining its components and workflow. Moving
on to Section 4, presents the simulation results,
including comparisons and analysis. Finally, Section
5, concludes the proposed work, summarizing the
key findings and contributions of our proposed
approach.

2. Related Work

Facial expression recognition from a single image
has potential applications in various fields, including
human-computer interaction and medical diagnosis.
Recent methods use deep neural networks to learn
from facial images, but unrelated surrounding
regions in the image can hinder the learning of
facial-related features. To address this, a Facial
Adaptive Network (FAN) has been proposed, which
adaptively selects an interest region from the facial
image and applies the self-attention mechanism to
learn to discriminate facial features. Additionally, a
multi-stream FAN (ms-FAN) has been introduced to
learn richer facial features from multiple interest
regions. The proposed approach has achieved
comparable results with state-of-the-art methods in
facial expression recognition.

In the field of facial expression re-targeting and
digital face animation, several studies have been
conducted. In one such study represented in [12] the
author focuses on re-targeting facial expressions
rather than predicting human character traits from
facial images. The approach presented in the paper
addresses the challenge of the lack of appropriate
datasets and achieves higher Mean Opinion Score
(MOS) and lower Mean Squared Error (MSE) in
testing. The approach utilizes a synthetic dataset of
a single character and employs a deep-learning
architecture with landmark grouping and blend
shape weights connection.

Another relevant work is [13], This paper proposes
a multi-stream facial adaptive network (ms-FAN)
for expression recognition from a single image,
achieving comparable results with state-of-the-art
methods. The Facial Adaptive Network (FAN)
introduced in the paper selects interest regions, and
the multi-stream FAN (ms-FAN) enhances
performance. =~ The  approach  demonstrates
comparable results to existing methods in expression
recognition tasks.

The paper presented in [14] explores the utilization
of facial image analysis in the classification of
genetic variants for rare diseases. The paper
highlights the potential of facial image analysis in
refining the Bayesian framework for ACMG/AMP
criteria. It discusses how computational approaches
can quantify the similarity of dysmorphic features
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and contribute to ACMG/AMP criteria. The use of contribute to the broader understanding of the field
next-generation sequencing (NGS) and and can serve as a foundation for further research in
computational ~ techniques  for  quantifying human character recognition using facial images.
dysmorphic features are emphasized. Table 1 presents the previous work efforts.
In the domain of human age estimation from facial
images, the paper [15] presents a hybrid model using Tabel 1. previous work efforts
supervised machine learning algorithms. The ‘ : ‘
proposed method achieves the best performance in sSiC o c MOt - Synthetic
. ) A . approach handles 68% - Lower dataset of one
age estimation and is evaluated using IMDB-WIKI lack of MSE of 44.2% e m—
and WIT-DB databases. The approach combines appropriate Deep-learning
. . tasets - hit ith
Pseudo Zernike Moments (PZM), Active SO a2
K . Achieved higher landmark
Appearance Model (AAM), and Bio-Inspired MOS and lower grouping and
Features (BIF) with Support Vector Machine (SVM) MSE in testing blend shape
. . ight
and Support Vector Regression (SVR) algorithms. e
. connection
Similarly, paper [16] proposes a method to enhance - Facial Adaptive - Achieved - Facial Adaptive
gender prediction from facial images. This approach Network (FAN) comparable Network (FAN) -
utilizes a hybrid deep sparse octonion network selects interost rosuls with et
Y A p p 5 . X regions. - Multi- state-of-the-art FAN (ms-FAN)
(HDSON) in conjunction with bidirectional stream FAN (ms- methods.
associative memory (BAM). The proposed method FAN) achieves
. e S bl
addresses issues related to depicting facial images A
and their storage, achieving improved gender - Facial image - Facialimage - Next-generation
prediction accuracy for real-time applications. analysis can be analysis can be sequencing
. used in ACMG used in (NGS) -
Another.research stl}dy, preser}ted in [17] .devel(.)ps R AR Computational
an algorithm for facial expression recognition using guidelines - criteria. - approaches for
machine learning and fuzzy logic techniques. The Computational Computational quantifying
tudy  f the d 1 t of facial approaches can approaches can dysmorphic
study focuses on the development of a facia refine the quantify features
expression recognition algorithm implemented in Bayesian similarity of
Python, incorporating fuzzy logic for prediction. et oy dysmorphic
. . ACMG/AMP features.
Additionally, [18] explores super-resolution and ———
feature reconstruction of facial images. The study « Proposed - Proposed - Pseudo Zernike
employs a Super Resolution Generative Adversarial method is the method is the Moments (PZM),
N 1 (SRGAN del ith VGG-19-b d best for age best for age Active
eur?‘ ( S). model wi a -1>5-base estimation. ¢ estimation. - Appearance
adaptive loss function. The model demonstrates the Assessed using Assessed using Model (AAM),
ability to enhance low-resolution input images, MBI gl | (IDIE0AL] endbiolnied
Iti . .. lit WIT-DB and WIT-DB Features (BIF) -
resulting %Il superlgr Image quality. databases. databases. Support Vector
Authors in [19] introduce a new framework for Machine (SVM)
facial attractiveness assessment, gender recognition, ] Syt
.. . . . . Vector
and ethnicity identification. The approach achieves Regression (SVR)
a prediction correlation of 0.94 for facial beauty algorithms
prediction on the SCUT-FBP5500 dataset, - Proposed - The proposed - Shared deep
h . ionifi ti t tat £ approach approach octonion network
showcasing signiticant 1mprovemen .OVGI' state-o1- improves gender resolves the and Octonion-
the-art methods. Deep Convolutional Neural prediction using issues of Valued Neural
Networks (CNN S) and a multi-task learning facial images - 'depwtmg fama'l Network (OVNN)
1 ith tilized in this f Kk Proposed images and their - Sparse Coding
a .gOI'l m are utilized mn .lS ramework. approach can be storage. - The Octonion data
Finally, a paper [20] describes a method and system applied in real- approach is Algorithm
for accurate and high-resolution human face imeapnlicaiions iy effeetivelinieal (GOE S
.- . . . time Bidirectional
recognition. .The approach involves intercepting the ot N
human face image to obtain a face region, followed Memories (BAM)
by conducting feature searching and matching = Dl ¢ eand = Mgl
. ith d i Th hod facial expression accurate human learning approach
operatlons wit . store mages. ¢ metho recognizing face recognition - Fuzzy logic
demonstrates quick and accurate human face algorithm using - High technique
recognition with high resolution. L T IR
. .. . fuzzy logic resolution
These related works provide valuable insights into .
various aspects of facial image analysis, facial prediction.
expression recognition, age estimation, gender Sl kel aiihchmiods] L0
.- .. approach for super resolves Resolution
predlctlon, and face I'eCOgl’llthl’l SyStems‘ They super resolving lower quality Generative
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human faces - image input. - Adversarial
el iy et Bl [eme 3.1 Algorithm for Modified Facial DCNN
image quality image has (SRGANS) -
using SRGANs superior quality. VGG-19-based
WAL GG cdanuyelloss 1. Input: Facial images labeled with emotion
based loss Function )
function categories.
- New framework - Prediction - Deep 2. Data Preprocessing:
for f'acial correlatifm of Convolutional o Acquire a dataset of facial images
a;:::;;::ffs Oﬁi ;c(};lllf}/ed Ngﬁﬂf“ﬂﬁﬂfs labeled with emotion categories.
gender FBP5500 dataset (task l)eaming o Perform data preprocessing steps, such
m"iﬁﬁ;’i‘:’yaﬂd m;psf‘;:gc;?m glzoutin as face detection and alignment, to
identification - B ——— ensure consistent facial regions across
Achieved state-of-the-art the dataset.
c;’:;;:(‘)‘r’l“o p methods o Resize the preprocessed images to a
0.94 for facial fixed size suitable for the modified
beauty prediction Facial DCNN architecture.
- Quick and - Quick and - Intercepting the o Normalize the pixel values of the
accurate human accurate human human face image . .
face recognition - face recognition to obtain a face Images toa SPeCIﬁC range (e~g'7 [09 1])
High recognition - High region - to facilitate training and convergence.
el et feafu‘)r‘;‘i‘;trl:ﬁn o Split the preprocessed dataset into
and matchingg training, validation, and testing sets.
operations with 3. Model Architecture:
stored images o Design a modified Facial DCNN
architecture that incorporates specific
. . . modifications for improved
3. FDCNN: Facial Deep Conventional Neural performance in  facial emotion
Network recognition.
Facial emotion recognition using Modified Deep o Consider modifications such as.
Convolutional Neural Networks (DCNN) is an .
exciting field of research that aims to automatically - Increased depth: Add additional
detect and interpret emotions from facial fsonyolutlonal layers to capture more
expressions. This manuscript presents an algorithm ;ntrlcate. features z.md. spatial
and framework to implement this task effectively. 1nf0rmat10n frqm ﬂ_le facial images. .
The algorithm begins with preprocessing steps, * Skip cionnectlons. Introduce ,Sklp
including data cleaning and normalization. Next, a connect%ons, such  as res;dual
Deep CNN architecture is designed, and customized connections, ‘petween .convolutlonal
for facial emotion recognition, utilizing 1ayer§ to facilitate gradllent flow gnd
convolutional layers, pooling layers, and fully alleviate the vanishing  gradient
connected layers. TensorFlow, a popular deep- problem. .
learning framework, is employed to implement the - Atten'Flon mechgmsm. Incorporate
model. The algorithm then moves on to training the attent%on mechaplsms, SI.lCh as self-
model using a labeled dataset, optimizing attentllon or ;pqtl?l att'entlon, o Itl“ocus
hyperparameters, and monitoring performance using on re eV{:lnt. acial reglons or enhance
validation data. Extensive evaluation is conducted the d1scr'1m1.n ative power of the model.
on a testing set, assessing metrics such as accuracy, " Regu 1a.rlzaj£10n techmgues: Implement
precision, recall, and Fl-score. Finally, the trained regularization technlques,. Sl.lCh as
model is applied to predict emotions on new, unseen drgp out -or batch normahzajuon, to
facial images, allowing for real-time emotion mltlga‘@ gverﬁttlng and  improve
detection. By following this algorithm and using the generalization.
suggested framework, researchers can explore the
fascinating world of facial emotion recognition o Configure the specific parameters of
using Facial Deep CNNs, opening doors to various the  modified  Facial =~ DCNN
applications in psychology, human-computer architecture, including the number and
interaction, and even artificial intelligence-driven size of filters, activation functions,
emotional systems. The illustration of the used pooling layers, and fully connected
algorithm is presented in the following steps. layers.
doi: 10.21608/erjeng.2023.237058.1248
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4. Training: o Assign the emotion category with the

o Initialize the modified Facial DCNN highest probability as the predicted
model with appropriate random emotion label for each image.
weights. 6. Evaluation and Analysis:

o Define a suitable loss function, such as o Evaluate the performance of the
categorical cross-entropy, to measure modified Facial DCNN model using
the discrepancy between the predicted appropriate evaluation metrics, such as
emotion probabilities and the ground accuracy, precision, recall, and F1-

F Connected  Fully-Connected
Convolution+Relu Max-Pooling Convolution+Relu Max-Pooling
I N\ Ya N

Fig 1. Architecture of Facial Deep convolution neural nebwr otks (FDCHNN g)

truth labels.

o Choose an optimization algorithm,
such as Adam or SGD (Stochastic
Gradient Descent), to update the
model weights based on the computed

loss.
o Iterate over the training set in mini-
batches and perform  forward

propagation to obtain predictions.

o Calculate the loss and backpropagate
the gradients through the modified
Facial DCNN model to update the
weights.

o Monitor the performance of the
validation set during training to
prevent overfitting. Adjust
hyperparameters, such as learning rate
or regularization strength, if necessary.

o Repeat the training process until
convergence or a predefined number

of epochs.
5. Inference:
o After training, evaluate  the

performance of the modified Facial
DCNN model on the testing set.

o Feed the facial images from the testing
set through the trained model.

o Obtain the predicted emotion
probabilities for each image using the
softmax activation function applied to
the output layer.

score. Compare the results with
existing state-of-the-art methods in
facial emotion recognition.

o Conduct additional analysis, such as
confusion matrix or visualizations, to
gain insights into the strengths and
weaknesses of the modified Facial
DCNN model.

o Discuss the implications of the results,
highlight any limitations, and provide
recommendations for future
improvements.

By following this algorithm for the modified Facial
DCNN, we aim to enhance the performance of facial
emotion recognition models and improve the
accuracy and reliability of emotion classification
from facial images.

Figure 1 illustrates the framework we employed for
the facial emotion recognition process, utilizing
Deep Convolutional Neural Networks (DCNN). The
framework consists of multiple key components
working in a synchronized manner to accurately
analyze and classify facial expressions.

The first stage of the framework involves facial
feature extraction. Initially, we preprocess the input
facial images by applying techniques like face
detection and alignment to ensure consistency and
appropriate positioning of the faces. This step helps
in removing potential variations caused by head

{. e o 0 0 0 .‘
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poses and facial alignments, which could affect the TP stands for True Positive, which means accurate
subsequent analysis. predictions. TN stands for True Negative, also
Next, the preprocessed images are fed into the representing accurate predictions. FP stands for
DCNN, which serves as the core component of our False Positive, indicating inaccurate predictions.
framework. The DCNN  comprises ~ several Finally, FN stands for False Negative, which refers
convolutional .laye.rs that extract high-level features fo incorrect negative predictions.
from the facial images. These layers work by . .
. . . . In Table 2, the results of a comparative analysis
convolving filters over the input image, capturing
. between our proposed method, FDCNN, and several
relevant patterns and textures related to facial ) .
expressions other well-known techniques like CNN, Support
The extracted features from the DCNN undergo a Vector Machine (SVM) classifiers, RNN, and
process of dimensionality reduction, which aids in Ran(.iom Forest. (R-Forest). The table presents a
compressing the feature representation while detailed comparison of results.
retaining the critical discriminative information.
This reduces computational complexity and Table. 2. The performance of the proposed method
enhances the overall efficiency of the system. (FDCNN) vs. previous classifiers
Following the dimensionality reduction, the reduced
features are forwarded to the classification stage.
Here, the features are fed into a classifier, such as a Precision  Recall Fi1- Accuracy
fully connected neural network or a support vector score
machine (SVM). The classifier assigns a specific FDCNN 99.97%  99.00% 98% 98.2%
emotional category. to each input image based on the CNN 92.1% 96.3%  88.5% 90.4%
learned representations. - — . _
To optimize the performance of the framework, we SVM 90.2% 3.7% | 93.5% 90%
employ a training procedure where the DCNN is RNN 88.1% 96.5% | $2.2% 83.6%
.p y g P L g R-Forest 87.2% 78.8% 85.4% 78.7%
trained on a large dataset of labeled facial images.
This training data enables the network to learn from o . )
. £ . s o1 . As indicated by the highlighted cells in Table 2, the
various examples, improving its ability to generalize .
and accurately recognize emotions in unseen shaded cells represent the best resqlts achleved.by
images. our proposed method for the given evaluation
metrics. These results indicate that the proposed
method (FDCNN) successfully addressed the
4. Evaluation and result analysis challenges posed by the task at hand and classified
The defined ) ¢ .. 1 the given dataset with a high degree of accuracy.
:1: N mi_ metrlcs N pre(;:ls.lon, reea ,t?lccura(.:g; Notably, the shaded cells in Table 2 demonstrate the
and specificity were used in conjunciion wi effectiveness of the proposed method and its
Python code to assess the effectiveness of the al f ) 1d aplicati . . ¢
d thod. which included Modified potential for real-world applications 1n a variety o
g;g (I)\?; me > domains, such as medical diagnosis and autonomous
’ driving. Figure 2 depicts a graphical representation
Precision = TP/(TP + FP) (1) of the results.
Recall = TP/(TP + FN) 2)
Accuracy = (TP+TN)/(TP+ TN+ FP+ FN) (3)
Specificity = TN/(TN + FP) 4
doi: 10.21608/erjeng.2023.237058.1248
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100.00% .
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00% o
FDCNN CNN

M Precision| 99.97% 92.10%

Recall 99.00% 96.30%
@ Fl-score 98% 88.50%
W Accuracy | 98.20% 90.40%

SVM RNN R-Forest
90.20% 88.10% 87.20%

93.70% 96.30% 78.80%
93.90% 82.20% 85.40%

9

0% 85.60% 78.70%

Fig 2. Comparison of results from different classifiers to classify facial emotion recognitions.

Training and Validation Loss

5 === Training loss
= Validation loss
@ best epoch= 18

o
0.0 2.5 5.0 75 100 125 150 17.5 20.0
Epocl

1.00

0.95
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©
o
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o
@
w

o
@
o

0.75
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Training and Validation Accuracy

=== Training Accuracy
= \/alidation Accuracy
@ Dbest epoch= 20

0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Epochs

Fig 3. Result of the proposed classifiers.

The FDCNN outperformed other classifiers, as
evidenced by the results in Figure 2. Figure 3
demonstrates the outcome of the proposed classifier.

Based on the provided table and the highlighted
outcomes, it can be deduced that the proposed
technique FDCNN demonstrates the highest
performance metrics, including Precision, Recall,
Fl-score, and Accuracy, when compared to other
methods such as CNN, SVM, RNN, and R-Forest.
The notable values observed for Precision, Recall,
and Fl-score indicate that the proposed method
exhibits a superior level of accuracy and effectively
classifies the dataset. Additionally, the excellent
accuracy score of 98.2% further substantiates the
efficacy of the proposed approach. The shading
applied to the cells corresponding to the best-
obtained results further validates the superiority of
the proposed method relative to the alternative
techniques. Consequently, it can be concluded that
the achieved outcomes are sufficiently satisfactory,
and the proposed method attains a high level of
accuracy in the classification of the given dataset.

5. Conclusions

In conclusion, this study introduces an innovative
method for accurately detecting and classifying
facial emotions through the use of image processing
techniques. The proposed algorithm, Facial Deep
Conventional Neural Network (FDCNN), harnesses
the power of Convolutional Neural Networks
(CNNs) to enhance the accuracy and sensitivity of
facial recognition. This research offers a promising
approach to achieving precise and efficient emotion
detection and classification. By combining the
capabilities of machine learning and image
processing, the proposed method opens up new
avenues for understanding and analyzing human
emotions. This advancement holds tremendous
potential in various domains, ranging from
healthcare to human-computer interaction, and
paves the way for further advancements in emotion
recognition technology.
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