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ABSTRACT

In the contemporary beauty market, consumers are confronted with an overwhelming array of
skincare and haircare products, creating significant challenges in identifying solutions that cater
to their individual needs. Many individuals face specific skin and hair concerns—such as acne,
dryness, and damage—yet often lack access to personalized recommendations that consider
their unique characteristics. Traditional methods of product selection typically rely on generic
solutions that overlook the distinct attributes of each user’s skin and hair type. This gap in the
market highlights the urgent need for a personalized approach that utilizes advanced
technology, such as image recognition and machine learning, to analyze users' conditions and
provide tailored recommendations. By addressing this need, a personalized skincare and
haircare app can empower consumers to make informed decisions, ultimately enhancing their

overall beauty experience and satisfaction.

Keywords: Image recognition, machine learning, artificial intelligence (Al), data analysis,
predictive modeling, personalized algorithms, user profiling, natural language processing

(NLP), big data.
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1.1 Introduction

In today’s beauty and wellness market, consumers are increasingly looking for personalized
solutions that cater to their unique skincare and haircare needs. A "Personalized Skincare and
Haircare App" aims to meet this demand by leveraging advanced technologies such as artificial
intelligence (Al), machine learning (ML), and data analytics. By analysing individual skin and
hair profiles, environmental factors, and user preferences, the app provides customized

recommendations for products, routines, and lifestyle adjustments.

This personalized approach not only enhances the effectiveness of skincare and haircare
treatments but also improves user satisfaction by addressing specific needs. The app can
empower users to make informed choices that promote healthy skin and hair, ultimately

providing a seamless, data-driven beauty experience tailored to each user.

1.2 Introduction of Domain

Machine Learning

Machine Learning is the field of study that gives computers the capability to learn without being
explicitly programmed. ML is one of the most exciting technologies that one would have ever
come across. As it is evident from the name, it gives the computer that makes it more similar to
humans: The ability to learn. Machine learning is actively being used today, perhaps in many
more places than one would expect. So, basically ML is a branch of Al trained on statistical
models and algorithms, which enable it to make predictions and decisions. Using training and
historical data, machine learning algorithms can improve and adapt over time, enriching its

capabilities.

Data Science & Analytics

Data science and analytics involve extracting meaningful insights from vast amounts of data to
support informed decision-making and strategic planning. While data analytics focuses on
analyzing existing datasets to uncover patterns and trends, data science encompasses a broader

range of techniques, including machine learning, statistical modelling, and prediction.
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2.0 Literature Survey

The research paper [1] discusses the development of a machine learning-based recommendation

system aimed at improving the personalization of skincare product suggestions. The authors—
M. Khaja Shamsuddin, N. B. Prasad, M. L. Manohar, and P. S. Asha—highlight the necessity for
tailored skincare solutions due to the varying needs and preferences of consumers in the cosmetic

industry.

Key Points:

Objective: The research aims to develop a recommendation system that utilizes content-
based filtering to suggest skincare products tailored to individual user needs based on
skin type, preferences, and conditions.

Methodology: The system leverages machine learning techniques to analyze user data
and product features, incorporating various attributes such as ingredients, user reviews,
and skin type classification.

User Interaction: The app includes user feedback mechanisms to refine
recommendations, ensuring that suggestions evolve based on user experiences and
preferences.

Machine Learning Application: The study highlights the use of content-based filtering
as a critical technique in enhancing personalization and user satisfaction in skincare

product selection.

Gap Analysis:

* Limited Scope of Data: The current system primarily relies on user-reported data and
may not incorporate a broader range of dermatological insights or professional

recommendations, which could enhance the accuracy of recommendations.

* Real-Time Adaptation: While the system can learn from user feedback, it may lack
mechanisms for real-time data integration and adaptation, which is crucial for responding

to fast-changing product formulations and trends in the skincare market.
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The paper titled [2] presents a hybrid recommendation system that combines various machine
learning techniques, including K-Nearest Neighbors (KNN), Convolutional Neural Networks
(CNN), and EfficientNet B0O. This system aims to provide tailored skincare product
recommendations based on individual skin types, concerns, and preferences. The proposed
model utilizes user inputs such as skin tone and acne severity—to recommend suitable products,
achieving a training accuracy of 87.10% and validation accuracy of 80%.

Key Points:

* Hybrid Approach: The system integrates KNN, CNN, and EfficientNet BO for improved
skincare recommendations.

* User-Centric: Recommendations are based on user-specific attributes like skin type,
tone, and acne severity.

* Performance Metrics: The model boasts a training accuracy of 87.10% and a validation
accuracy of 80%.

Gap Analysis:

* Scalability: While the system employs EfficientNet for high-performance image
analysis, scalability issues may arise with increasing user numbers and data volume,
necessitating more robust infrastructure to handle diverse user queries.

* User-Centric Design: Current implementations may not fully engage users through
intuitive interfaces or interactive features. Enhancing user experience through
personalized dashboards or feedback mechanisms can improve satisfaction and
improvement.
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The paper [3] written by Hsiao-Hui Li ,Liao, Huang. Introduces a machine learning-driven
engine that assists users in selecting skincare products tailored to their specific skin types and
conditions. The study highlights the increasing demand for personalized solutions in the
cosmetic industry, emphasizing that traditional methods often fail to address individual needs.
The engine utilizes various data inputs from users, analysing their skin attributes to recommend

suitable products.

Key Points:

* Personalization: The engine focuses on providing tailored recommendations based on
unique user skin conditions and types.

* Machine Learning Utilization: The system employs machine learning techniques to
analyze user data and predict suitable products.

* Consumer Demand: There is a growing need for personalized skincare solutions in the
cosmetic industry, driven by diverse consumer skin needs.

* User Input: The recommendation process involves collecting detailed user input

regarding their skin concerns, preferences, and type.

Gap Analysis:

* Personalization: The engine focuses on providing tailored recommendations based on
unique user skin conditions and types.

* Machine Learning Utilization: The system employs machine learning techniques to
analyse user data and predict suitable products.

* Consumer Demand: There is a growing need for personalized skincare solutions in the
cosmetic industry, driven by diverse consumer skin needs.

* User Input: The recommendation process involves collecting detailed user input
regarding their skin concerns, preferences and types.

PAGE NO: 158




LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 13 ISSUE 2 2025

3.0 System Architecture
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Fig. 1 System Architecture

User Interface: This is the front-end of the system where users interact. It includes features like
product suggestion, routines, and a doctor search module.

Product Routine and Doctor Database: This back-end component fetches routines and
products, likely used for suggesting products or routines to the user.

Image Upload Module: Users can upload images through this module, which is then processed
further.

Image Processing Module: This module takes the uploaded images and processes them,
preparing the data for analysis.

Al-based Image Analysis: After image processing, Al algorithms analyze the images to derive
meaningful insights or reports.

Sends Report: The results from the Al analysis are compiled into a report that is then sent to the
relevant user or module.

Recommendation Engine: Based on the inputs (possibly from image analysis and user data),
this engine provides recommendations, which might include product suggestions or doctor
recommendation.
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4.0 Proposed Implementation
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Fig. 2 Execution Flowchart

This flowchart is part of a system designed to provide personalized skincare and haircare
recommendations based on user inputs and advanced Al processing. The flowchart can be divided
into several key stages, each of which plays a critical role in the system's operation:

User Input:

Check Skin and Hair Type: The process begins with assessing the user's skin type (e.g., dry, oily,
normal) and hair type (e.g., curly, straight).

Provides Images and Preferences: Users are required to provide images and describe their
skincare and haircare preferences through a user interface.
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Image and Data Processing:
Image Upload Module: Users upload images via an upload module integrated into the system.

Image Processing Module: Once the images are uploaded, they are processed by an Al-based
image analysis tool to extract relevant details about the user's skin and hair condition.

Al-Based Image Analysis: This sophisticated algorithm analyzes the images to generate a
detailed report, highlighting specific needs or concerns for the user.

Recommendation Generation:

Recommendation Engine: Using processed image data and user preferences, the recommendation
engine suggests personalized skincare and haircare routines and products from a comprehensive
product database.

Product Routine and Doctor Database: The system pulls from a database that contains product
details, recommended routines, and associated doctors' information to provide holistic
recommendations.

Doctor Search Module: If necessary, the system can search for nearby medical professionals or
dermatologists from a doctor database, offering further consultation.

User Feedback and Routine Improvement:

User Reviews Recommendations: Users have the option to review the recommended routine and
products.

Is User Satisfied?: The system checks user satisfaction with the recommendations. If users are
not satisfied, they may provide feedback which the system uses to improve future
recommendations.

Routine Improvement Over Time: User feedback is aggregated to enhance and fine-tune
recommendation algorithms, ensuring that the system can learn and provide better suggestions
over time.
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5.0 Mathematical Model

1. Image Analysis:

o Image Preprocessing: Transform raw images (I) into a format suitable for analysis. This
ivolves resizing, normalization, and enhancement. [ I' =
\text{normalize} (\text{resize}(I)) ]

o Feature Extraction: Use Convolutional Neural Networks (CNNs) to extract key features
(F) from the preprocessed images. [ F = \text{CNN}(I') ]

o Classification: Assign categories to features corresponding to skin conditions or hair type
using a classifier. [ C = \text{softmax } (W \cdot F + b) ] where (W) and (b) are the weight
matrix and bias vector, respectively.

2. User Profile and Data Modelling:

o User Profile Vector: Represent each user by a feature vector (U) based on user inputs
(e.g., skin type, preferences). [ U = [\text{skin type}, \text{hair type},
\text{preferences}, \Idots] ]

3. Recommendation Engine:

o Collaborative Filtering: Use collaborative filtering to predict user preferences for
products. [ \hat{r} {ui} =\mu+b u+b i+q i"Tp u] where (\mu) is the global mean,
(b_u) and (b_i) are biases, (q_i) and (p_u) are latent feature vectors.

o Content-Based Filtering: Recommend products based on content matching with user
profile using cosine similarity. [ \text{sim}(p_i, U) =\frac{p i\cdot U} {|p_i||U|} ] where
(p_1) is the product feature vector.

4. Predictive Modeling:

o Predictive Analysis: Use machine learning algorithms to predict outcomes (e.g.,
effectiveness of products). [ y = \phi(X) + \epsilon ] where (X) is input features, (\phi) is
the prediction function, and (\epsilon) is the noise term.

5. Feedback Loop and Continuous Improvement:

o Feedback Incorporation: Adjust algorithms using feedback loops. [ \Delta W = \eta \cdot
\nabla L(W) ] where (L) is the loss function, and (\eta) is the learning rate.
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6.0 Algorithm

Convolutional Neural Networks (CNNs): CNNs are widely used for image recognition and
classification tasks. In our project, we use CNNs for processing visual inputs, extracting features

like texture, tone, and patterns that are important for both skin and hair analysis.
Working:

CNNs use a series of convolutional layers to detect patterns in images. The convolutional layers
apply filters to input images to identify features such as edges, textures, and color gradients. After
feature extraction, the network passes through pooling layers to reduce dimensionality and then
fully connected layers for classification.

Feature Extraction: The model analyzes skin and hair features such as wrinkles, acne, dryness,

and hair type (curly, straight, wavy).

Classification: After extracting features, the model classifies them into different categories and

suggests appropriate care routines or products based on the classification.
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7.0 Result and Analysis

7.1 Result

a) Nevus (b) Melanoma (c) Herpes (d) Eczema (e) Atopic dermatitis

(2) horizontal flip (b) width shift (c) height shift (d) zoom (¢) vertical flip

Accurate Skin and Hair Analysis: The combination of convolutional neural networks (CNNs)
and deep learning algorithms ensures high accuracy in detecting skin conditions and analyzing

hair textures. This allows for precise recommendations tailored to each user’s needs.

Real-Time Processing: The system is optimized for real-time image analysis, enabling users to
receive immediate suggestions for skincare and haircare routines based on their current visual

input.

Improved Skin and Hair Monitoring: The app allows users to track changes in their skin and
hair over time, helping them detect early signs of issues such as dryness, acne, or hair thinning,

and take preventive measures.

Cost-Effective Solution: The app offers an affordable alternative to professional consultations
for users seeking personalized skincare or haircare advice, allowing them to improve their
routines without the need for frequent visits to a dermatologist or cosmetologist.
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7.2 Analysis
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For our personalized skincare and haircare app, using MobileNet and Xception algorithms can be
visualized in terms of accuracy vs. efficiency. A graph comparing Model Accuracy (y-axis)
against Computational Efficiency (x-axis) shows that:

MobileNet sits at a point where computational efficiency is high, with slightly lower accuracy.
This makes it optimal for real-time analysis on mobile devices, allowing for quick skincare and
haircare assessments without heavily taxing device resources.

Xception, while achieving higher accuracy, demands more computational power, thus is better
suited for backend analysis rather than real-time processing. Its higher accuracy can be beneficial
for deeper image analysis, such as identifying more complex skin conditions or hair issue.
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8.0 Conclusion

The development of skin and haircare applications using visual input and Al has significantly
advanced personalized skincare and haircare recommendations. As consumers seek tailored
advice based on real-time data, the integration of convolutional neural networks (CNNs) and deep
learning models provides a robust foundation for analysing complex skin conditions and hair
textures. This project successfully addresses these needs by utilizing CNNs for image recognition,
coupled with feature extraction techniques to offer accurate suggestions for skincare routines and

haircare products.

The proposed system demonstrates high accuracy in identifying skin issues such as acne, dryness,
and hyperpigmentation, as well as analysing hair textures for personalized care. By employing
CNNs, the app efficiently processes user-submitted images to provide timely, relevant
recommendations, making it suitable for daily personal use as well as potential professional

dermatological applications.

Despite its effectiveness, the system has certain limitations, such as computational demands on
mobile devices and the challenge of interpreting diverse skin tones and textures across different
lighting conditions. Future improvements can focus on optimizing performance for broader
hardware compatibility and expanding the database to ensure more inclusive recommendations

for diverse users.
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