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Abstract: This paper presents the design and implementation of an Al-powered smart wardrobe system
that provides personalized outfit recommendations based on real-time weather data and user preferences.
The system employs a scalable three-tier architecture integrating a React frontend, Spring Boot backend,
and a PyTorch-based image classification engine. The proposed model achieves an image classification
accuracy of 86% across 25 clothing categories and a recommendation acceptance rate of 78%,
demonstrating the effectiveness of combining weather information with deep learning for intelligent
wardrobe management.
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I. INTRODUCTION

The increasing demand for intelligent personal styling solutions has motivated research into automated
wardrobe management systems. Traditional approaches to clothing selection are often time-consuming and fail
to adapt to dynamic weather conditions and individual preferences. Recent advancements in artificial
intelligence (Al) and cloud-based architectures have enabled the development of smart systems capable of
delivering real-time, personalized outfit suggestions [1].

This study introduces a novel smart wardrobe system that integrates weather-aware recommendation
algorithms with deep learning-based image classification. By leveraging open-source technologies such as React,
Spring Boot, and PyTorch, the system provides a seamless user experience and scalable infrastructure. The
primary contributions of this work include: (1) the design of a robust three-tier architecture for real-time
wardrobe management, (2) implementation of a convolutional neural network trained on the AlHub K-Fashion
dataset for accurate clothing classification, and (3) the development of weather-driven recommendation logic to
enhance personalization [2].
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Il. RELATED WORKS

Prior research on smart wardrobe systems has explored rule-based recommendations and basic machine
learning approaches. However, few systems have effectively integrated real-time weather data with advanced
deep learning models (Oh et al., 2015; Heo et al., 2018). This work differentiates itself by employing a high-
accuracy image classification pipeline and weather-aware algorithms for enhanced recommendation relevance.
Research in fashion image recognition highlights the promise of convolutional neural networks for clothing
classification [3, 4]. Weather-based recommendation systems have been investigated in domains such as tourism
and retail, yet their application to personal styling remains limited [5].

Early smart wardrobe concepts primarily relied on radio-frequency identification (RFID) tagging and simple
rule-based logic to track clothing items and provide basic matching suggestions [6]. While these systems
successfully automated wardrobe inventory management, they lacked adaptability to changing environmental
conditions and user-specific style preferences. Subsequent developments incorporated collaborative filtering and
content-based filtering techniques, but these methods struggled to handle high-dimensional image data and
seasonal variability effectively [7].

Recent advances in computer vision have shifted focus toward deep learning approaches for fashion analysis.
Studies utilizing convolutional neural networks (CNNs) and attention mechanisms have demonstrated robust
performance in tasks such as clothing attribute detection, fabric texture recognition, and outfit compatibility
scoring [8, 9]. Additionally, hybrid recommendation systems that combine visual features with contextual
data—such as weather, location, and event calendars—are gaining traction for their ability to improve
personalization [10].

Despite these advancements, integrating real-time weather data remains an underexplored area. Weather-
aware systems in related fields like tourism and transportation highlight the benefits of dynamic environmental
adaptation [11]. However, fashion-focused implementations often rely on static datasets or pre-defined seasonal
rules, limiting their responsiveness to sudden weather fluctuations. This research addresses that gap by coupling
high-accuracy deep learning models with live weather API feeds to deliver timely and contextually relevant
clothing recommendations

111.SYSTEM ARCHITECTURE

The system follows a three-tier architecture: a React-based frontend for user interaction, a Spring Boot
backend for business logic and data handling, and a MySQL database for persistent storage. The Al engine,
implemented in PyTorch, classifies clothing items and integrates with weather APIs to generate personalized
outfit recommendations [12].
. Frontend

The React-based user interface allows users to upload and categorize clothing items, view Al-generated outfit
suggestions, and plan outfits via a calendar component. User authentication and secure data management are
handled through Spring Security.
. Backend

The Spring Boot backend provides RESTful APIs for communication between the frontend and database. It
integrates the Al model, processes user-uploaded images, and retrieves real-time weather data to produce
recommendations (Jang et al., 2023) Objective and logical presentation of the findings using both text and
display items (Tables and Figures). If appropriate, the results of statistical analyses should also be presented
here, including P-values and/or other statistical measures of significance. All data should be incorporated either
within the main text or in the Supplementary Materials. If that is not possible, data should be deposited in an
established database and accession numbers provided in the Data Availability section of the manuscript. If
tables exceed two pages, it is recommended to include them as supplementary material. See the Editorial
Policies for more detail on the availability of data, materials, and code. References to unpublished materials are
not permitted to substantiate significant conclusions of the paper.
. Al Engine

A convolutional neural network (CNN) implemented in PyTorch performs clothing classification. The model
was trained on the AlHub K-Fashion dataset, incorporating data augmentation and transfer learning to enhance
accuracy. Weather data is retrieved from a public APl and mapped to appropriate clothing categories using a
custom algorithm.
. Overall System Design

The smart wardrobe system follows a three-tier architecture pattern consisting of presentation, application,
and data layers. This design ensures scalability, maintainability, and separation of concerns.
. Presentation Layer: React-based frontend application providing user interface for clothing management, viewing
recommendations, and system interaction.
. Application Layer: Spring Boot backend service handling business logic, Al model integration, weather API
communication, and user authentication.
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G. Data Layer: MySQL database storing user profiles, clothing item metadata, weather information, and
recommendation history.
H. Technology Stack
The system utilizes a comprehensive set of open-source technologies:
Frontend Technologies:

. React: User interface development

. React-Calendar: Schedule management functionality
. Fetch API: Server communication

. npm: Package management

Backend Technologies:

. Spring Boot: REST API development framework
. Hibernate: Object-relational mapping

. Lombok: Code generation

. MySQL Connector/J: Database connectivity

. Jakarta Persistence: Data persistence

AI/ML Technologies:

. PyTorch: Deep learning model implementation

. Torchvision: Computer vision operations

. NumPy: Numerical computations

Development Tools:

. Spring Tools: Backend development

. Visual Studio Code: Frontend development

. IntelliJ IDEA: Integrated development environment
. Git: Version control

. MySQL.: Database management

External Service Integration

. Naver Cloud Object Storage: Image storage

. Weather API: Real-time weather information

. AlHub K-Fashion Dataset: Model training data.

IV.RESULTS

Comprehensive experiments were conducted to evaluate system performance and model accuracy. The CNN
achieved an overall classification accuracy of 86.14% across 25 clothing categories, with high F1-scores in key
classes such as Skirt (0.95), Dress (0.95), and Jeans (0.93). The system maintained an average API response
time of 150 ms and successfully supported 100 concurrent users without significant latency.

User acceptance testing involved 50 participants over a four-week period. Results showed that 78% of
recommended outfits were adopted, with an average daily usage time of 12 minutes. Participants reported
improved satisfaction with daily outfit selection and a reduction in decision fatigue.

A confusion matrix analysis revealed strong performance in major categories such as Pants, T-shirt, and
Dress, while visually similar upper garments such as Top and Blouse showed higher misclassification rates.
Strategies such as category-specific data augmentation and hierarchical classification are proposed to address
these challenges in future iterations.

Tablel. Class wise Performance Metrics

Class Precision Recall F1-score
Hooded shirt 0.82 0.83 0.83
Pants 0.51 0.18 0.27
Vest 0.86 0.68 0.76

© 2025, 1JCSMC All Rights Reserved, ZAIN Publications, Fridhemsgatan 62, 112 46, Stockholm, Sweden 118



Seokju Yoon et al, International Journal of Computer Science and Mobile Computing, Vol.14 Issue.10, October- 2025, pg. 116-120

Knitwear 0.8 0.81 0.8
Pants 0.93 0.92 0.93
Jeans 0.92 0.94 0.93
T-shirt 0.81 0.88 0.84
Top 0.68 0.53 0.6
Shirt 0.8 0.8 0.8
Jumpsuit 0.89 0.84 0.86
Padding 0.86 0.89 0.87
Outerwear 0.52 0.3 0.38
Dress 0.93 0.97 0.95
Jogger Pants 0.71 0.73 0.72
Bra Top 0.7 0.59 0.64
Coat 0.86 0.78 0.82
Leggings 0.79 0.9 0.84
Cardigan 0.81 0.72 0.76
Blouse 0.85 0.88 0.86
Jumper 0.7 0.69 0.69
Jacket 0.79 0.85 0.81
Skirt 0.94 0.96 0.95

To comprehensively evaluate the performance of the proposed clothing classification model, a test dataset
comprising 25 clothing categories was utilized. The evaluation results demonstrated strong generalization
performance and stability, with the model achieving an overall classification accuracy of 86.14% and a
validation loss of 0.4564. Furthermore, the model, which was optimized for efficient real-world deployment, has
a size of 270MB and exhibited an average processing time of 2.3 seconds per image, confirming its practical
viability in terms of computational efficiency.

To more closely analyze the model's strengths and weaknesses, an in-depth evaluation was conducted by

measuring the Precision, Recall, and their harmonic mean, the F1-score, for each individual class. The analysis
revealed significant performance disparities among classes; some categories showed excellent classification
performance, while others indicated a clear need for improvement.
Specifically, the 'Skirt" and 'Dress' categories achieved the highest classification performance, both recording an
F1-score of 0.95. The "Jeans' category also attained a high F1-score of 0.93. These results suggest that the model
has effectively learned the distinct visual features of these categories. Conversely, the 'Pants' and 'Outerwear’
categories registered comparatively low F1-scores of 0.27 and 0.38, respectively. This outcome suggests that the
model may have struggled to clearly distinguish the features of these classes, potentially due to high
morphological diversity or visual similarity to other categories. This indicates that future work should focus on
supplementary data augmentation or model architecture enhancements to improve performance for these
specific classes.

V. CONCLUSIONS

The integration of real-time weather data significantly improved the relevance of outfit recommendations.
Challenges such as image processing latency and class imbalance were addressed through asynchronous
processing, caching mechanisms, and targeted data augmentation. Cross-category misclassifications were
observed primarily among visually similar upper garments, suggesting opportunities for further model
refinement.

The system’s architecture demonstrated scalability, with the ability to handle increased user load without
performance degradation. This makes it suitable for commercial deployment as a mobile or web application
with potential integration into e-commerce platforms.

This research demonstrates the feasibility and effectiveness of an Al-powered smart wardrobe system that
combines weather-aware recommendation logic with deep learning-based image classification. The system
achieves high user satisfaction and robust technical performance, offering a practical solution for intelligent
wardrobe management. Future work will explore augmented reality fitting features, mobile application
development, and the incorporation of collaborative filtering techniques to enhance personalization.
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