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Abstract— Intelligent Facial Age and Gender
Analytics Using Deep Learning presents an
automated approach for estimating a person's
age and identifying gender from facial images
using deep learning techniques. The system
employs a Convolutional Neural Network (CNN)
to learn facial characteristics directly from
images, eliminating the need for manual feature
extraction. Before training, facial images
undergo preprocessing steps such as face
detection, resizing, and normalization to improve
data quality and model performance. The trained
CNN analyses facial patterns and predicts both
age and gender, making the system suitable for
real-time applications using a webcam or image
input. The proposed framework is designed to
handle images captured under different lighting
conditions, poses, and facial expressions,
allowing it to perform effectively in practical
environments. Experimental evaluation
demonstrates that the model produces reliable
predictions while maintaining a simple and
efficient architecture. The developed system can
be applied in areas such as intelligent
surveillance, human-computer interaction,
demographic analysis, smart retail, and access
control. Overall, the proposed framework
provides an accurate, practical, and user-friendly
solution for automated facial age and gender
analytics using deep learning.
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I. INTRODUCTION
Facial image analysis has become an important

research area in artificial intelligence because it
allows computers to understand human

Vol. 22, No.3, 2026

characteristics from visual information. Among
different facial attributes, age and gender are widely
used in applications such as surveillance, access
control, human-computer  interaction, and
personalized digital services [11]. Automatically
estimating these attributes from facial images is a
challenging task because facial appearance changes
due to lighting conditions, facial expressions, head
pose, image quality, and natural aging. These
variations often reduce the accuracy of traditional
recognition systems when they are applied in real-
world environments [10]. As the availability of
facial image datasets has increased, researchers have
focused on developing intelligent deep learning
models that can automatically learn facial features
without relying on handcrafted descriptors. This
advancement has improved the reliability and
practical use of age and gender prediction systems
across different application domains [28].

Traditional age estimation and gender classification
methods mainly depended on manually extracted
facial features and conventional machine learning
algorithms. Earlier studies analysed facial geometry,
texture information, and landmark positions before
applying classification techniques for prediction [1].
Although these methods achieved satisfactory
performance under controlled conditions, they often
struggled with images captured in unconstrained
environments because of pose variations, occlusion,
and illumination changes [15]. Researchers later
introduced statistical learning and regression
techniques to improve prediction accuracy, but these
methods still required careful feature selection and
expert knowledge during model development. As a
result, automatic feature learning using deep neural
networks became a more effective alternative for
handling complex facial image data [4].

Deep learning has significantly improved image
classification by enabling neural networks to learn
meaningful visual features directly from training
data. Convolutional Neural Networks (CNNs)
automatically identify hierarchical facial patterns
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through multiple convolution and pooling layers,
reducing the need for manual feature engineering
[31]. Their ability to extract both low-level and high-
level image features has made CNNs one of the most
successful models for facial analysis tasks, including
age estimation and gender recognition [28]. Recent
advancements in deep learning architectures have
further enhanced model performance by improving
feature representation and reducing overfitting
during training. These developments have enabled
CNN-based systems to achieve higher accuracy and
better generalization across different facial image
datasets [5].

Developing a reliable facial analytics system also
requires careful preparation of the input dataset
before model training. Facial images are first
detected, aligned, resized, and normalized to ensure
consistent image quality and reduce unwanted
variations during learning [25]. After preprocessing,
the dataset is divided into training and testing sets so
that the model can learn important facial
characteristics while being evaluated on previously
unseen images. Proper dataset preparation improves
the stability of the learning process and helps reduce
classification errors during prediction [30].
Performance evaluation using well-structured facial
datasets allows researchers to measure the
effectiveness of the developed model under different
conditions and verify its suitability for practical
applications [21].

The proposed Intelligent Facial Age and Gender
Analytics Using Deep Learning system applies a
Convolutional Neural Network to automatically
estimate age and classify gender from facial images.
The framework first detects the face, performs
image preprocessing, and then extracts facial
features using the trained deep learning model
before generating prediction results [26]. The
developed system is capable of analysing facial
images captured under different conditions and
provides reliable demographic predictions with
minimal manual intervention. Such an intelligent
framework can be applied in surveillance systems,
smart retail, attendance management, human-
computer interaction, and security applications
where fast and accurate facial analysis is required
[33]. Overall, the proposed approach demonstrates
how deep learning can provide an efficient and
practical solution for automated age and gender
analytics using facial images [27].

II. RELATED WORK
Ahonen et al., (2006) [1] introduced a face
recognition approach based on Local Binary

Patterns (LBP) for extracting facial texture features.
The study demonstrated that local texture
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information plays an important role in distinguishing
different facial characteristics under varying
conditions. The proposed method divided facial
images into several regions and extracted LBP
features from each region to improve recognition
performance. The authors reported that the
technique was robust against changes in illumination
and facial expressions, making it suitable for
practical face analysis applications. Their
experimental results showed that local texture
descriptors could effectively represent facial
information while maintaining computational
efficiency. The research established that feature
extraction is a critical stage in facial image analysis
and laid the groundwork for many later studies in
age estimation, gender classification, and facial
recognition. This work remains an important
reference for modern facial analytics systems.

Chao et al.,, (2013) [4] proposed a facial age
estimation method based on label-sensitive learning
and age-oriented regression techniques. The
objective of their research was to improve age
prediction accuracy by considering the relationship
between neighbouring age groups during model
training. Instead of treating age estimation as a
simple classification problem, the proposed
approach learned continuous age variations more
effectively. The authors demonstrated that
combining regression with label-sensitive learning
produced better prediction results than traditional
classification methods. Experimental evaluation
confirmed that the proposed framework reduced
estimation errors while maintaining consistent
performance across different age categories. The
study highlighted the importance of selecting
suitable learning strategies for age prediction tasks
and showed that age estimation requires specialized
modelling techniques. Their research contributed
significantly to the advancement of intelligent facial
age estimation systems.

Eidinger et al., (2014) [10] presented a deep
learning-based framework for estimating age and
gender from unconstrained facial images. The study
introduced the Adience dataset, which contains
facial images captured under real-world conditions
with variations in lighting, facial expression, and
head pose. The authors emphasized that real-life
images are much more challenging than laboratory
datasets and therefore require robust recognition
methods. Their experimental analysis demonstrated
that deep learning models achieved higher
prediction accuracy compared to conventional
machine learning approaches. The proposed
framework successfully handled facial images with
different poses and image qualities while
maintaining reliable performance. The research
established an important benchmark for evaluating
age and gender prediction systems and encouraged
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the adoption of deep neural networks for facial
demographic analysis in practical applications.

Geng et al., (2007) [16] proposed an automatic age
estimation technique based on facial aging patterns.
The study analysed how facial appearance changes
gradually over time and used these changes to
estimate a person's age more accurately. The authors
developed a learning framework capable of
identifying aging characteristics from facial images
without relying only on fixed age categories.
Experimental results demonstrated that modelling
the natural aging process improved prediction
performance compared to conventional
classification techniques. The research also
highlighted that facial aging is a continuous process,
making regression-based learning more suitable for
age estimation tasks. Their work provided valuable
insights into age prediction using facial features and
has influenced several later studies in intelligent
facial analysis and demographic estimation.

Han et al, (2013) [21] compared human
performance with machine learning algorithms for
estimating age from facial images. The objective of
the study was to understand how accurately
automated systems could predict age compared with
human observers. The authors evaluated several age
estimation techniques using benchmark facial
datasets and analysed their strengths and limitations.
Their findings showed that machine learning models
achieved competitive performance but still faced
challenges when dealing with unconstrained facial
images and varying environmental conditions. The
study emphasized that image quality, facial pose,
and lighting significantly influence prediction
accuracy. The authors concluded that although
automatic  age  estimation had  improved
considerably, further research was necessary to
achieve human-level performance in practical
environments. This work remains an important
benchmark for evaluating facial age estimation
methods.

II1. DATASET DETAILS

The dataset used in this project consists of facial
images collected from the Adience benchmark
dataset, which is widely used for age estimation and
gender classification research. The dataset contains
face images captured under real-world conditions,
including different lighting environments, facial
expressions, head poses, image resolutions, and
background variations. Each image is labeled with
the corresponding age group and gender, making it
suitable for supervised deep learning. The facial
images are organized into different age categories
and two gender classes, allowing the model to learn
demographic patterns effectively. Since the images
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are collected from unconstrained environments, the
dataset represents practical scenarios rather than
controlled laboratory conditions. Before training,
the dataset is carefully examined to remove
corrupted or duplicate samples and ensure proper
labeling. This diverse collection of facial images
provides a strong foundation for developing a
reliable age and gender prediction model.

To prepare the dataset for model training, several
preprocessing techniques are applied to improve
image quality and learning performance. Face
detection is first performed to extract the facial
region from each image while reducing unnecessary
background information. The detected faces are then
resized to a fixed dimension and normalized so that
all images have a consistent input format for the
Convolutional Neural Network (CNN). Data
augmentation techniques such as image flipping,
cropping, and rotation are also applied to increase
dataset diversity and reduce overfitting. Finally, the
dataset is randomly divided into 70% training data
and 30% testing data, allowing the model to learn
facial features and evaluate its performance on
unseen images. Proper dataset preparation helps
improve prediction accuracy and ensures reliable
age and gender classification results.

IV. PROPOSED METHODOLOGY

The proposed system follows a systematic approach
to estimate a person's age and identify gender from
facial images using deep learning. Initially, the
facial image dataset is collected and examined to
ensure that all images are correctly labeled with age
groups and gender categories. During preprocessing,
face detection is performed to extract the facial
region while removing unnecessary background
information. The detected faces are resized to a fixed
image size and normalized to provide consistent
input for the learning model. Data augmentation
techniques such as image flipping and cropping are
applied to increase the diversity of training samples
and improve the model's ability to generalize. The
prepared dataset is then randomly divided into
training and testing sets, allowing the model to learn
facial characteristics from one portion of the data
while validating its performance on previously
unseen images. This preprocessing stage helps
improve learning efficiency and prediction
reliability.

Once the dataset is prepared, a Convolutional Neural
Network (CNN) is trained to learn facial features
related to age and gender. The network
automatically extracts important visual patterns
through multiple convolution and pooling layers
without requiring manual feature engineering. After
training, the model is evaluated using the testing
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dataset to measure its overall performance. Standard
evaluation metrics such as accuracy, precision,
recall, F1-score, and confusion matrix are used to
assess the effectiveness of the model. The prediction
results are also visualized using performance graphs
and confusion matrices to understand the
classification quality more clearly. Finally, the
trained CNN model accepts a facial image captured
through a webcam or uploaded by the user and
predicts the corresponding age group and gender in
real time, providing an efficient and reliable facial
analytics solution.
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Figure [1]: System Architecture for Age and
Gender Classification

Figure [1] illustrates the workflow of the proposed
age and gender classification system using deep
learning. Facial images are collected and
preprocessed through face detection, resizing,
normalization, and data augmentation before being
divided into training and testing datasets. A
Convolutional Neural Network (CNN) is trained and
evaluated using performance metrics such as
accuracy, precision, recall, Fl-score, and the
confusion matrix. Finally, the trained model predicts
the age group and gender of a person from a facial
image in real time.

V. RESULT AND DISCUSSION

The experimental evaluation shows that the
proposed Intelligent Facial Age and Gender
Analytics Using Deep Learning system is capable of
accurately predicting a person's age group and
gender from facial images. Initially, the facial image
dataset is prepared through preprocessing
techniques such as face detection, resizing,
normalization, and data augmentation to improve
the quality of the training data. The processed
images are then used to train a Convolutional Neural
Network (CNN), which automatically learns
important  facial features without manual
intervention. After training, the model is evaluated
using standard performance measures, including
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accuracy, precision, recall, Fl-score, and the
confusion matrix. The evaluation results indicate
that the majority of facial images are correctly
classified, with only a small number of incorrect
predictions. The trained model is further integrated
into a real-time prediction system that accepts
webcam or uploaded facial images and generates
age and gender predictions instantly. These results
confirm that the proposed framework provides a
dependable and efficient solution for automated
facial demographic analysis under different
operating conditions.

Figure [2]: Real-Time Age and Gender
Prediction

Figure [2] shows the real-time prediction results of
the proposed age and gender classification system.
The webcam captures the facial image, detects the
face, and processes it using the trained CNN model.
The system automatically estimates the person's age
group and identifies the corresponding gender,
displaying the prediction directly on the screen. This
demonstrates the practical capability of the proposed
framework for accurate and real-time facial
demographic analysis.

DISCUSSION

The results obtained from this study demonstrate
that deep learning is an effective technique for
automatic age estimation and gender classification
using facial images. The preprocessing stage plays a
significant role in improving image quality and
providing consistent input to the CNN model,
allowing it to learn facial characteristics more
efficiently. The trained model successfully identifies
meaningful facial patterns related to age and gender,
resulting in reliable prediction performance across
different image samples. The confusion matrix and
evaluation metrics indicate that the system maintains
consistent classification accuracy while producing
only a few misclassifications. Unlike traditional
methods that rely on handcrafted facial features, the
CNN automatically extracts relevant information
directly from the images, making the overall process
simpler and more accurate. The real-time prediction
capability further demonstrates the practical
usefulness of the developed framework. Overall, the
proposed system offers an intelligent, reliable, and
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user-friendly solution for facial demographic
analysis and can be effectively applied in
surveillance, smart attendance systems, access
control, human-computer interaction, and other
vision-based applications.

VI. CONCLUSION

The proposed Intelligent Facial Age and Gender
Analytics Using Deep Learning system
demonstrates that Convolutional Neural Networks
(CNNs) provide an effective solution for
automatically estimating age and classifying gender
from facial images captured in real-world
environments. Unlike traditional approaches that
depend on handcrafted facial features and controlled
image conditions, the proposed framework learns
meaningful facial representations directly from data,
allowing it to perform well under variations in
lighting, facial expressions, head pose, and image
quality. Image preprocessing techniques, including
face detection, resizing, normalization, and data
augmentation, further improve the robustness and
reliability of the model. Experimental evaluation
confirms that the trained CNN achieves consistent
performance in predicting both age groups and
gender while maintaining efficient real-time
operation. The system also demonstrates that a
relatively simple network architecture can deliver
accurate  predictions  without requiring an
excessively complex model. This makes the
framework suitable for practical applications where
computational efficiency is important. Although the
developed system performs well on the available
dataset, its performance can be further enhanced by
training with larger and more diverse facial image
collections and by adopting advanced deep learning
architectures. Overall, the proposed approach offers
a practical, accurate, and scalable solution for
automated facial demographic analysis in
surveillance, access control, attendance
management, and human-computer interaction
systems.
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