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Abstract—Understanding skin type and identifying common
skin concerns are essential steps in choosing appropriate skin-
care products; however, many individuals find it difficult to
accurately determine their skin condition without professional
consultation. To address this challenge, this study introduces
PEARL, an artificial intelligence-based skin analysis and product
recommendation system that enables users to evaluate their skin
using facial images and receive personalized skincare suggestions.
The system incorporates a secure login and registration process
supported by an SQLite database, after which users can either
capture a selfie using their device camera or upload an existing
facial image. The image is analyzed using computer vision
techniques along with a Convolutional Neural Network (CNN)
model implemented with TensorFlow and OpenCYV, allowing the
system to identify the user’s skin type and detect common concerns
such as acne, pigmentation, and enlarged pores. Due to the
limitations of publicly available datasets for reliable skin type
detection, a custom dataset was developed and carefully prepared
to improve classification accuracy and better represent real-world
skin conditions. Following the analysis, the system generates
suitable skincare product recommendations through a rule-based
mechanism that maps detected skin conditions to relevant products.
The entire platform is developed as a web application, utilizing
HTML, CSS, and JavaScript for the frontend and Python Flask
for the backend, with the overall aim of providing users with
a simple, accessible, and effective tool for understanding their
skin condition and selecting products tailored to their individual
needs.

Index Terms—SKin analysis, skin type detection, acne detection,
pigmentation detection, computer vision, convolutional neural
network, product recommendation system.

I. INTRODUCTION

In recent years, skincare has become an important aspect
of personal health and wellbeing. People are increasingly
interested in maintaining healthy skin and selecting products
that suit their individual skin conditions. However, under-
standing one’s own skin type can be challenging. Skin varies
significantly from person to person, and individuals may
experience multiple concerns such as acne, pigmentation,
dryness, excessive oiliness, or enlarged pores. Without proper
knowledge, many people rely on trial and error when choosing
skincare products, which can sometimes lead to ineffective
results or even worsen existing skin problems.

Traditionally, skin analysis is performed by dermatologists
or skincare specialists who examine the skin and provide
professional advice. While professional consultations provide
accurate guidance, they are not always accessible to everyone.

IJERTV 151 S043581

In many cases, visiting a dermatologist may be costly, time-
consuming, or inconvenient. As a result, there is growing
interest in technological solutions that can help individuals
understand their skin condition without requiring frequent visits
to skincare professionals.

The widespread availability of smartphones and digital
cameras has made image-based analysis a practical approach
for building automated skin analysis systems. At the same time,
rapid advancements in artificial intelligence (Al)—particularly
in computer vision and deep learning—have enabled machines
to analyze images with high accuracy.Deep learning models
such as Convolutional Neural Networks (CNNs) are widely
used in various applications including facial recognition,
medical imaging, and object detection [9], [12]. These models
are capable of identifying complex visual patterns in images and
can therefore be applied to analyze facial skin characteristics
(31, [4].

In this work, we present PEARL, an Al-based skin analysis
and product recommendation system designed to help users
evaluate their skin condition and receive personalized skin-
care guidance. The system is implemented as a web-based
application with a user-friendly interface. Users can create
an account, log in securely, and access features such as skin
analysis, previous result history, and feedback options.

After logging in, users can capture a selfie using their
device camera or upload an existing facial image. The image
is processed using computer vision techniques and analyzed
by a trained CNN model implemented with TensorFlow and
OpenCV. Through this analysis, the system identifies the user’s
skin type and detects common skin concerns such as acne,
pigmentation, and open pores.

One of the major challenges encountered during the de-
velopment of this system was the lack of reliable datasets
specifically designed for skin type classification. Many publicly
available datasets contain images with inconsistent lighting,
heavy makeup, or unrealistic conditions that do not accurately
represent real-world skincare scenarios. To overcome this
issue, a custom dataset was created and used for training the
classification model. This allowed better control over image
quality and improved the reliability of the trained model.

After identifying the skin characteristics, the system gen-
erates product recommendations tailored to the user’s skin
type and detected conditions. A rule-based recommendation
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mechanism is used to map specific skin concerns to appropriate
product categories such as cleansers, serums, moisturizers, and
sunscreens. In addition to providing product suggestions, the
system also offers basic skincare information to help users
better understand their skin and skincare routines.

The objective of this project is to combine artificial intelli-
gence techniques with practical skincare knowledge to develop
an accessible tool for automated skin analysis. By offering
personalized recommendations and easy-to-understand results,
the proposed system aims to help users make better skincare
decisions and improve their overall skincare routine.

II. SYSTEM OVERVIEW

The proposed system, PEARL, is an Al-based skin anal-
ysis and skincare recommendation platform that helps users
understand their skin condition and select suitable skincare
products. The system uses image processing and machine
learning techniques to analyze facial images and classify
skin types [19], [20].. The application is implemented as
a web-based system that allows users to register, log in,
analyze their skin condition using a camera or uploaded image,
and receive product recommendations based on the detected
skin type. The main goal of the system is to provide an
accessible and automated solution for skin analysis without
requiring professional dermatological consultation. The system
consists of three main components: User Interface, Backend
Processing System, and Machine Learning Model. The user
interface is developed using HTML, CSS, and JavaScript,
while the backend server is implemented using Python Flask.
The machine learning model is built using TensorFlow and
Convolutional Neural Networks (CNN) for skin classification.

A. System Architecture

The architecture of the proposed system follows a
client—server model. The user interacts with the web application
through a browser. The frontend communicates with the
backend server through HTTP requests. The backend processes
the requests, performs image analysis using the trained machine
learning model, and returns the results to the frontend. The
major components of the system include the Frontend Interface
which provides the user interface where users can interact
with the system including the login page, skin analysis page,
product recommendation page, and history page. The Backend
Server is developed using the Flask framework and handles
user authentication, image processing, database operations, and
communication with the machine learning model. The Machine
Learning Model uses a Convolutional Neural Network trained
to classify different skin types such as Oily Skin, Dry Skin,
Normal Skin, and Sensitive Skin, and also detects common
skin problems such as acne and pigmentation. The Database
uses SQLite to store user data, login information, and previous
analysis results.

As shown in Fig. 1, the system begins with the user uploading
a facial image through the web interface. The image is sent
to the Flask backend where image preprocessing and analysis
are performed. The processed image is then evaluated by the
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Fig. 1. System Architecture of the Al-Based Skin Analysis and Product
Recommendation System

trained CNN model to detect skin type and skin conditions
[21], [22]. .Based on the detected features, the rule-based
recommendation module generates suitable skincare product
suggestions. The results and user information are stored in the
database, allowing users to access their analysis history and
recommendations through the dashboard.

B. Functional Requirements

Functional requirements describe the features and operations
that the system must perform. User Registration requires that
the system should allow new users to create an account by
providing basic details such as username, email, and password.
User Login requires that registered users must be able to log
in securely using their credentials. Skin Image Upload requires
that users should be able to upload a facial image or capture an
image using their device camera. Skin Analysis requires that
the system must analyze the uploaded image and determine
the user’s skin type and possible skin conditions. Product
Recommendation requires that based on the detected skin type
and condition, the system should suggest suitable skincare
products. Analysis History requires that users should be able
to view previous analysis results stored in their history. Logout
functionality must be provided to securely end user sessions.

C. Non Functional Requirements

Non-functional requirements describe the quality attributes of
the system. Performance requires that the system should process
and analyze uploaded images within a few seconds. Security
requires that user data must be securely stored and protected,
and authentication mechanisms such as JWT tokens are used
to ensure secure communication. Usability requires that the
user interface should be simple and easy to use so that users
can easily upload images and view results. Scalability requires
that the system architecture should allow future expansion,
such as supporting more skin conditions or additional datasets.
Reliability requires that the system should operate consistently
without frequent crashes or errors.
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D. Technologies used

The system uses several technologies for development and
implementation. Programming Language: Python is used as
the main programming language for backend development.
Framework: Flask is used as the web framework for building
the backend server. Machine Learning: TensorFlow is used
for training and deploying the Convolutional Neural Network
(CNN) model [8].Image Processing: OpenCV is used for
processing and preparing facial images before analysis [14].

III. PRODUCT RECOMMENDATION SYSTEM

After the skin analysis process is completed, the system
provides personalized skincare product recommendations to
the user.The recommendation process is based on a rule-
based approach [19], [20],where predefined skincare rules
are used to match the detected skin conditions with suitable
products. The system considers several factors such as skin
type, acne presence, pigmentation, and open pores while gen-
erating recommendations. Based on these detected conditions,
the system suggests appropriate skincare products including
cleansers, serums, moisturizers, and sunscreens. For example,
if the system detects oily skin with acne, it may recommend
products containing ingredients such as salicylic acid or oil-
control formulations. Similarly, if pigmentation is detected, the
system may suggest products containing brightening ingredients
like vitamin C or niacinamide. The recommendation rules are
designed using common dermatological skincare guidelines
to ensure that the suggestions are relevant and practical for
users. By combining Al-based skin analysis with rule-based
product selection, the system aims to provide users with simple
and personalized skincare guidance. These recommendations
help users choose products that are more suitable for their skin
condition without requiring professional consultation for basic
skincare decisions.

IV. RESULTS AND DISCUSSION

The performance of the proposed Al-based skin analysis
and product recommendation system was evaluated by testing
the system with different facial images captured through the
webcam or uploaded by users. The main objective of this
evaluation was to examine how effectively the system can
identify skin type, detect common skin concerns, and provide
suitable skincare product recommendations. During testing, the
system successfully analyzed facial images and classified the
skin type into categories such as dry, oily, or normal skin using
the trained Convolutional Neural Network (CNN) model. In
addition to identifying the skin type, the system also detects
visible skin concerns such as acne, pigmentation, and open
pores. These detected conditions are then used as inputs for
the recommendation module, which suggests suitable skincare
products for the user.

The results generated by the system are presented through
a user-friendly web interface. After the analysis process
is completed, the system displays the detected skin type,
the identified skin concerns, and the recommended skincare
products. These recommendations include commonly used
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skincare products such as cleansers, serums, moisturizers, and
sunscreens. The suggestions are generated using predefined rule-
based logic that connects specific skin conditions with suitable
skincare ingredients and products. Another important feature
of the system is the ability to store user analysis results in
the database. Registered users can view their previous analysis
results through the dashboard history option. This allows users
to keep track of their skin analysis results and the recommended
products over time. Overall, the testing results show that the
proposed system is capable of performing automated skin
analysis and delivering useful skincare guidance in a simple
and accessible manner.

A. System Output Results

Fig. 2. Output of the Skin Analysis System Showing Skin Type, Detected
Skin Concerns and Recommended Products

The output shown in Fig. 2 represents the result page
generated by the system after analyzing the user’s facial image.
The system first identifies the user’s skin type using the trained
CNN model. In this example, the system predicts the skin type
as oily skin. Along with the skin type classification, the system
also detects visible skin concerns such as acne, pigmentation,
or open pores depending on the features observed in the facial
image. After identifying these conditions, the system generates
a list of recommended skincare products that are suitable for
the detected skin type and concerns. These recommendations
include products such as cleansers, serums, moisturizers, and
sunscreens that are selected using predefined skincare rules.
The goal of this recommendation module is to provide users
with simple and personalized skincare suggestions that can
help them choose appropriate products for their skin condition.
The result page is designed in a clear and structured manner
so that users can easily understand the analysis outcome. By
presenting the detected skin type, skin concerns, and product
suggestions together in one interface, the system provides a
complete overview of the user’s skin condition and possible
skincare solutions.

B. Model Accuracy

Fig. 3 shows the accuracy achieved by the CNN model
used for skin type classification. The model was trained using
the custom dataset created specifically for this project, which
contains labeled images representing different skin types such
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Fig. 3. Accuracy Performance of the CNN Model for Skin Type Classification
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as dry, oily, and normal skin. The training process allowed the
model to learn important visual patterns and characteristics
associated with each skin type. The accuracy results indicate
that the proposed model is able to classify skin types with a
high level of reliability. Compared to several existing basic
skin detection approaches [4], [2] that rely on simple image
processing techniques, the use of a CNN improves the system’s
ability to extract meaningful facial skin features. This leads to
better prediction performance and more accurate skin type
identification. The improved accuracy of the classification
model directly contributes to the effectiveness of the entire
system, as the detected skin type plays a crucial role in

determining the appropriate skincare product recommendations.

These results demonstrate that the proposed Al-based approach
can provide more dependable skin analysis compared to
traditional rule-based or manual evaluation methods.

Number of Correct Predictions

Accuracy =

ey

Total Number of Predictions

V. CONCLUSION

In this paper, an Al-based skin analysis and product
recommendation system has been proposed to help users better
understand their skin condition and select suitable skincare
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Fig. 5. Login Page with Login and Sign In Options

products. The system integrates image processing and machine
learning techniques to analyze facial images and identify
important skin characteristics.Image preprocessing and analysis
are performed [16]. By using a Convolutional Neural Network
(CNN) [9], [18]trained on a custom-built dataset, the system
is able to classify different skin types such as dry, oily, and
normal skin. In addition to skin type classification, the system
is designed to detect common skin concerns including acne,
pigmentation, and open pores.

One of the key advantages of the proposed system is
the integration of an intelligent recommendation module that
suggests suitable skincare products based on the detected skin
type and skin concerns. The recommendations are generated
using rule-based logic that connects specific skin conditions
with appropriate skincare ingredients and products such as
cleansers, serums, moisturizers, and sunscreens. This allows
users to receive simple and personalized skincare guidance
without needing expert knowledge in dermatology.

The system is implemented as a web-based platform that
provides a user-friendly interface where users can capture
or upload facial images for analysis. Features such as user
authentication, result history, and feedback options further
enhance the usability of the system. By storing previous
analysis results in the database, users are able to review their
past results and track their skincare recommendations over
time.

The experimental evaluation shows that the proposed ap-
proach is capable of performing reliable skin type classification
and generating useful skincare recommendations. The use
of a custom dataset helped improve the performance of the
model by allowing it to learn more relevant skin features.
Overall, the results demonstrate that the integration of artificial
intelligence with a web-based application can provide an
effective and accessible solution for automated skin analysis and
personalized skincare product recommendation. The proposed
system highlights the potential of Al-driven technologies in
the field of skincare analysis and personalized healthcare
applications. With further improvements and additional training
data, such systems can become even more accurate and helpful
for users seeking simple and reliable skincare guidance.
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VI. FUTURE SCOPE

Although the proposed system demonstrates effective skin
analysis and product recommendation capabilities, there are
several opportunities for further improvement and expansion.
One of the main areas for future work is improving the accuracy
and robustness of the skin condition detection model by training
it with a larger and more diverse dataset. A more extensive
dataset containing images from different age groups, lighting
conditions, and skin tones would help the model learn more
variations and improve its prediction performance.

Another possible improvement is the integration of additional
skin condition detection features. In the future, the system
can be extended to detect a wider range of dermatological
concerns such as dark circles, wrinkles, blackheads, and skin
sensitivity. Including more skin conditions would allow the
system to provide even more personalized and detailed skincare
recommendations.

The recommendation module can also be enhanced by
incorporating more advanced techniques such as machine
learning-based recommendation systems instead of relying
only on rule-based logic. This could allow the system to learn
from user feedback and previous recommendations to provide
more accurate and personalized product suggestions over time.

Furthermore, the system can be expanded into a mobile ap-
plication to make the platform more accessible and convenient
for everyday users. Integration with real-time skin monitoring
features and personalized skincare routines could also improve
the overall usefulness of the system.

With continued development and improvements, the pro-
posed Al-based skin analysis system has the potential to
become a more comprehensive digital skincare assistant that
helps users better understand their skin and make informed
skincare decisions.
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