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Abstract

Gender identification using deep learning techniques has received much attention
in recent research and development. This study investigates the application of
convolutional neural networks (CNN) for gender classification on human faces.
This model leverages CNN’s powerful feature extraction capability to analyze
facial features from images. Identify and classify gender accurately. In addition to
remembering gender, this model also aims to provide insights into mental health
by interpreting facial expressions, body language, and other visual signals. The
training process uses a large labeled dataset of facial images, allowing CNN to
detect and recognize them. Expressions are explicitly related to emotions such
as sadness, disgust, happiness, neutrality, or surprise. The study took advantage
of a publicly available facial database. To ensure effective training, testing, and
evaluation, the proposed model has used the CNN-based gender classification
method, and this research advances the field of computer vision. This model gives
98.11% on women and 90.60% on men face detection. It has hypothetical appli-
cations in multiple fields, such as the interaction between humans and computers
like demographic studies and mental health assessment.
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1 Introduction

Gender recognition is a core aspect of computer vision, as well as a variety of other
disciplines. As a case in point, security systems can use gender detection to enrich
monitoring and surveillance through more detailed identification of individuals. In
human-computer interaction, altering interfaces responsive to recognized gender can
improve the personalization of user experiences. As with other demographic charac-
teristics, gender identification allows companies to customize marketing efforts for
particular audience segments with precise ads and demographic analysis. Modeling
must be critical to maintain impartiality, fairness, and protection of individual pri-
vacy. Misclassifications or biased predictions can trigger significant social and ethical
problems. The transformation of data processing and interpretation across multiple
industries by machine learning (ML) [1] is now responsible for promoting automated
decision-making and predictive analytics. ML algorithms let computers glean knowl-
edge from data to make predictions or decisions without any explicit programming
needed for each job. The adoption of new systems has caused progress in healthcare,
finance, marketing, and security. An important application involves gender identifica-
tion, designed to interpret an individual’s gender from input data, including sound or
visual recordings [2]. Accurate attendance tracking in educational institutions is cru-
cial, particularly for managing large student populations. In this paper, related work
of face detections is described in Section 2, details about the dataset are discussed in
Section 3, and the method with experimental results and conclusion are discussed in
Section 4 and Section 5, respectively.

2 Related Work

Traditional manual methods are often inefficient, error-prone, and labor-intensive.
To overcome these challenges, a face recognition-based attendance system that takes
advantage of deep learning and computer vision has been proposed [3]. This sys-
tem simplifies the attendance process, reduces the possibility of fraud, and improves
accuracy. It employs robust face detection algorithms and histograms of oriented gra-
dients (HOGs) for feature extraction, building a comprehensive database of enrolled
students. The integration of deep learning-based face detection with Principal Com-
ponent Analysis (PCA), Support Vector Machine (SVM) [4], and K-Nearest-Neighbor
(KNN) classification enhances the system’s performance. Each student is assigned a
unique identifier, and the central dataset is updated regularly to ensure efficient and
accurate attendance tracking. The proposed system demonstrates a high accuracy rate
of 96.8%, highlighting its potential to significantly improve attendance management
in educational settings. Gender detection forms one of the parts of face recognition
systems. The author proposed gender classification in [5] in a novel way using hybrid
classical-quantum neural networks. A quantum variational circuit and a deep neural
network have already been trained to develop a strong binary classifier. The quantum
circuits with convolutional neural networks achieved high gender classification accu-
racy with publicly available facial image databases compared to the domestically more
prominent models.
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Security systems, including the use of Closed Circuit Television (CCTV) [6], have
some issues, one of the significant issues being storage issues due to large volumes
of data. The major disadvantage of continuous recording is the high storage capac-
ity required for the recorded data, which becomes essential for long-term monitoring.
The work of [7] also presents an efficient technique, as the surveillance camera cap-
tures the video only if it detects motion, consequently minimizing disc space. It is a
system that can be installed in homes, corporate spaces, and other areas and makes
surveillance better by monitoring any strange occurrence. Haar cascades are used to
detect the face, and the Inception V3 model for gender classification has an accuracy
of 97.4% on the IMDB dataset. Biometric attributes such as age and gender can assist
in numerous applications, including security [8], marketing, and individual services;
thus, it requires automatic identification. The effectiveness of different CNN architec-
tures is compared as part of the study to determine which model is most effective:
VGG16, ResNet50V2. The consequences can be any civil application that demands
recognition of facial features, including forensic case studies, specific advertising, etc.
The advancement of social media needs accurate age and gender classification. Now,
[9] put forward a multi-phase method with multiple CNNs to improve the classifi-
cation accuracy. These components involve face detection, background elimination,
facial landmarking, and applying several CNN networks. A voting system where the
voting is done to establish a more accurate model of the classification in the different
individual networks is used. It suits the realization of the ideal design for many cases
because it does not have the flaws of traditional systems.
Flask, deep learning, and CNNs have been used to develop a real-time system for
detecting age, gender, and emotions from facial images, successfully done in [10].
This system employed cascaded classifiers for face detection and CNN all through
the feature extraction and classification phase. It is ideal for memory-constrained
devices to get precise real-time outputs across marketing, health, and security appli-
cations. Robust research indicates that the system performs accurately and can detect
demography and emotion efficiently, even under certain environmental factors. Recent
literature has shown that DL methods have a heightened application when operational
transportation and modeling paradigms are questioned, especially in urban settings.
[11] investigates the CNN-based methods [12] adoption for age and gender recognition
and its future impacts on transportation systems. These benchmarks include AlexNet,
among others, and the research analyses their performance in categorizing demograph-
ics from the images of faces. This work emphasizes the need for proper demographic
scans in the transport systems, indicating that CNN-based approaches can signifi-
cantly support advanced analytics and inform policies within urban development.
The current study seeks to develop a system for gender perception and classification
based on critical input parameters. The framework discussed in [13] involves data col-
lection of a sizeable, heterogeneous set, data preparation, feature identification, model
selection, model training, validation, and then deployment of the resulting system.
Therefore, constant monitoring and maintenance will help the model over its lifespan.
The research also seeks to develop a highly efficient machine-learning model that accu-
rately predicts the gender of a user as characterized by the image. This objective has
been derived from a social issue about the gender split of government subsidies. Where
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necessary, subsidies are available to only males or females, leaving out the opposite
gender. The rationale of the proposed gender classification model is to enhance the
efficacy of the verification process further, thereby allowing only qualified persons to
be registered and receive the correct subsidies.

3 Preparation of Dataset

Data variability is essential for adequately generalizing models among different popu-
lations. Openly available datasets, such as the CelebFaces Attributes Dataset (CelebA)
shown in Fig.1 and number of samples are described in Table 1, frequently contain
annotations and represent a diverse range of people, thereby serving well for training
gender categorization models. Still, data preprocessing is essential for sustaining con-
sistency and eliminating noise. The preprocessing [14] of visual gender recognition can
include image scaling, expanding the dataset through rotation techniques, normalized
pixel values, and rotating to diversify the collection. An essential part of preprocessing
involves feature extraction.

Fig. 1 Sample images of men and women from CelebA dataset for face recognition.

Table 1 CelebA Dataset category-wise (men and women)
with the number of images [15].

Category Number of images Dimension

Men 1173 48 x48
Women 1134 48 x48
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In images, this may consist of marking facial landmarks and obtaining details, like
the eyes’ separation or the jawline’s outline [16]. Pitch, tone, and spectral characteris-
tics might be vital in identifying gender through voice. Improved model accuracy and
resilience greatly depend on efficient feature extraction. Images in the CelebA dataset,
mainly used for facial expression recognition, are divided into two gender categories:
male and female. The data consists of automatically aligned 48x48 pixel facial pho-
tographs to center the face and fill the frame with equal dimensions in each image.
Data pre-processing encrypts or modifies the data to make it easier for the machine
learning algorithm to understand. The CelebA dataset is already pre-processed, so
additional pre-processing methods are unnecessary. However, training a deep learning
model typically demands a large volume of data. To address this, we employ a simple
yet effective technique called Data Augmentation [17] [18]. Data Augmentation gener-
ates multiple realistic variations of each training sample, artificially increasing the size
of the training dataset. This technique helps reduce overfitting by exposing the model
to a broader variety of data during training. In our work, we applied several data aug-
mentation methods, including rotation, width shift, height shift, shear, horizontal and
vertical flips, and resizing images to different dimensions. These augmentations are
added to the training set, making the model more robust to object orientation, posi-
tion, and size variations within the image. Additional adjustments can also be made,
such as altering contrast and lighting. By applying these transformations, we effec-
tively expand the size of the training set, improving the model’s generalization ability.
Data Augmentation is a widely used technique to enhance model performance, mainly
when the initial dataset is small, when overfitting is a concern, or when squeezing out
better accuracy from the model is desired.

Fig. 2 Layerwise architecture of the proposed Convolutional Neural Network (CNN) model for face
detection
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Fig. 3 Visualizations of the feature maps indicate the CNN model effectively captures relevant
patterns in the input data

Fig. 4 Layer-wise pooling operations show a balance between retaining key features and downsam-
pling unnecessary details for higher efficiency
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Fig. 5 Graphical representation of training loss accuracy with respect to epoch

4 Method and Experimental Results

CNNmodel allows for fine-tuning, with an option to make the last four layers trainable.
Fine-tuning is a common practice in transfer learning, where the pre-trained layers
are frozen to retain learned features, and only the top layers are trained on the target
dataset shown in Fig. 2. Fine-tuning helps our model adapt to the specific characteris-
tics of the CelebA dataset. The model includes dropout layers and kernel regularization
(L2 regularization) in the fully connected layers. These techniques help prevent over-
fitting [19], essential when dealing with limited data [20]. The fully connected layers
include batch normalization layers. Batch normalization helps stabilize and accelerate
training by normalizing each layer’s input. The custom loss function adaptive loss is
implemented to handle imbalanced classes in the dataset. Using a weighted loss based
on class weights addresses the potential issue of unequal representation of different
facial expressions.

The model architecture includes several dense layers with batch normalization
and activation functions (ReLU) [21] to capture and learn hierarchical features from
the input data. The model uses the softmax activation function in the output layer,
which is suitable for multi-class classification problems. In this case, there are seven
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Fig. 6 Face detection accuracy result for women and men images on CelebA dataset

Table 2 CelebA Dataset [16] category-wise images accuracy using proposed model.

Category Number of images Training sample Test sample Accuracy(%)

Man 1173 938 234 90.60
Woman 1134 907 226 98.11

classes representing different facial expressions. This model is compiled using the Adam
optimizer, a popular choice for training deep neural networks. Layer-wise pooling
operations are shown in Fig. 4. This CNN model, which has fine-tuning, regularization,
and adaptive loss handling, is designed to be effective for gender recognition on the
CelebA dataset. The added layers act as a classifier on top of the features extracted
by the pre-trained CNN model [22]. This approach is common in machine learning
applications, where pre-trained models are powerful feature extractors that can be fine-
tuned for new tasks. After training our proposed model and creating the history, we
evaluated our model’s performance and accuracy by testing it against a test dataset,
and we have achieved an accuracy of around 90.60% for men and 98.11% for women
reported in Table 2 and shown in Fig.6. Further, we tried to plot a graph for accuracy
and loss using the history variable, which keeps track of each epoch in the form of a
list shown in Fig. 5.

5 Conclusion

The gender detection system, created using the CelebA dataset using CNN, has
shown excellent performance. Advanced data augmentation techniques such as rota-
tion, flipping, and color modifications have increased the model’s ability to generalize
to real-world scenarios. Essential training techniques, such as batch normalization,
regularisation, and hyperparameter tweaking, have reduced overfitting and increased
robustness. The model’s overall accuracy has been improved by addressing imbalanced
class concerns through an adaptive loss function. This method has resulted in a highly
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accurate and dependable system for determining gender from photographs. The train-
ing procedure was further improved by applying optimization methods like Adam and
the learning rate schedule. To maintain long-term performance, we will continue to
monitor and improve the system going forward. Applications will include security,
demographic analysis, and human-computer interaction. With policies in place to pro-
tect privacy, data security, and fairness, ethical issues continue to be crucial. To uphold
our moral standards, we will communicate with stakeholders in the future. Overall,
our system is a technically sound and socially responsible solution with the potential
to impact various industries substantially.
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