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ABSTRACT

Excess humidity in wardrobes can lead to mold growth, musty odors, and fabric deterioration. A smart wardrobe dehumidifier
offers an innovative solution by maintaining optimal humidity levels through automated sensing and control. Utilizing 10T
technology, it enables real-time monitoring, remote operation, and energy-efficient moisture removal, ensuring the longevity
of stored clothing and accessories. This smart system enhances wardrobe hygiene, prevents allergen buildup, and protects
delicate fabrics such as leather and wool. By integrating advanced dehumidification techniques with intelligent automation,
this solution provides a convenient and effective approach to wardrobe maintenance..
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1. INTRODUCTION

Excess moisture in wardrobes leads to issues such as mold growth, musty odors, and fabric deterioration, impacting clothing
longevity and hygiene. Traditional methods like silica gel packets and manual dehumidifiers require frequent maintenance
and lack efficiency. To overcome these challenges, this study proposes a Smart Wardrobe Dehumidifier that automates
moisture control, ensuring an optimal storage environment for clothing and accessories.

The system integrates humidity sensors, microcontrollers, and 10T connectivity to provide real-time humidity monitoring
and automated dehumidification. The key objectives of this research include:

¢ Maintaining optimal humidity levels to prevent mold and mildew.
e  Providing real-time monitoring and alerts via a mobile application.
e Enhancing wardrobe hygiene by eliminating odors and allergens.

e  Ensuring energy-efficient operation through smart automation.

2. LITERATURE REVIEW

Moisture accumulation in wardrobes is a common problem that leads to mold growth, musty odors, and fabric deterioration.
Various dehumidification solutions have been developed to address this issue, but many have limitations.

Traditional Dehumidification Methods
Silica Gel and Charcoal Absorbers: Passive moisture absorbers that are low-cost but require frequent replacement.

Electric Dehumidifiers: Actively remove moisture using desiccants or refrigeration-based methods but consume significant
power.

Ventilation-Based Systems: Improve airflow to reduce humidity but are ineffective in enclosed wardrobe
spaces.

Smart Dehumidification Technologies

Humidity Sensor-Based Systems: Automatically adjust dehumidification based on real-time humidity levels but may lack
remote monitoring.

loT-Enabled Dehumidifiers: Offer cloud-based tracking and automation but may face connectivity issues in certain locations.
Al-Driven Moisture Control: Uses predictive analytics to optimize humidity levels but requires complex integratio
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Odor and Air Purification Systems: Remove musty odors and airborne pollutants but often function separately from

dehumidifiers.

10T Integration in Wardrobe Dehumidification

Smart Sensors: Detect real-time humidity levels and activate dehumidification automatically.

Cloud Data Management: Allows users to track humidity history and receive alerts remotely.

Limitations in Current Systems
Limited Remote Monitoring: Some systems do not offer real-time tracking of humidity levels.

High Energy Consumption: Many dehumidifiers lack energy-efficient operation.
Lack of Smart Automation: Few systems integrate Al for adaptive moisture control.

Proposed System Improvements
The proposed Smart Wardrobe Dehumidifier addresses these limitations with:

Real-Time Humidity Monitoring: Uses sensors and cloud connectivity for precise moisture control.

Energy-Efficient Operation: Optimizes power usage based on humidity trends.

Feature
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Mobile App

Integration
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Feature Comparison with Emphasis on Smart Wardrobe Dehumidifier (Vaisakh A)
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3. SYSTEM ARCHITECTURE AND METHODOLOGY
The Smart Wardrobe Dehumidifier is designed to maintain optimal humidity levels inside a wardrobe,

preventing mold growth, odor formation, and fabric deterioration. The system utilizes 10T, smart

sensors, and Al-based automation to provide an efficient and user-friendly solution.

3.1 Hardware Components for Smart Wardrobe Dehumidifier

ESP32 — The central processing unit that collects sensor data, processes it, and controls connected components such
as the heater, fan, humidifier, and LCD module. It also handles 1oT communication via Wi-Fi.

DHT11 Temperature & Humidity Sensor — Measures humidity and temperature inside the wardrobe to determine
when dehumidification is needed.

Heater — Helps in reducing excess humidity by slightly warming the air inside the wardrobe.

Fan — Circulates air to distribute dry air evenly and prevent moisture buildup.

Humidifier — Maintains optimal humidity levels by adding moisture when needed.

LCD Module — Displays real-time humidity and temperature data for user reference.

Wi-Fi Module (Integrated in ESP32) — Enables real-time monitoring and control via 10T-based connectivity.

Server (Cloud Storage & Processing) — Stores humidity data and allows remote monitoring through a mobile app or
web interface.

This hardware architecture ensures an automated, efficient, and loT-enabled smart wardrobe dehumidifier. The ESP32
microcontroller integrates sensor inputs, actuates devices like fans and heaters, and communicates real-time data to a server
for remote monitoring and user alerts.
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3.2 Software Components
The software architecture of the Smart Wardrobe Dehumidifier is designed to enable real-time monitoring, humidity control,
and user interaction. The key software components include:
¢ Mobile Application: Developed using XML (Ul) and Java/Kotlin, the Android app allows users to monitor humidity
levels, control dehumidification settings, and receive alerts.

e Firmware: Written in C++ using the Arduino IDE, the firmware runs on the ESP32 microcontroller, managing sensor
data, controlling actuators (fan, heater, humidifier), and handling communication with the server.

o Database Management: A MySQL Server stores humidity and temperature logs, user settings, and system status,
ensuring reliable data storage and remote access.

o Real-Time Notifications: The system sends alerts via mobile push notifications or email when humidity levels exceed
safe limits, enabling timely action to prevent moisture-related damage.

3.3 System Workflow
The operational workflow of the Smart Wardrobe Dehumidifier is as follows:
e User Setup: The user configures humidity threshold levels and system preferences via the mobile application.

e Authentication: Only authorized users can access the system to modify settings or manually control dehumidification
functions.

e Humidity Monitoring: The DHT11 sensor continuously measures humidity and temperature inside the wardrobe,
sending data to the ESP32 microcontroller.

¢ Automated Control: If humidity exceeds the predefined threshold:
e The fan and heater are activated to reduce excess moisture.

e The humidifier is turned off to prevent further humidity increase.If humidity is too low, the humidifier turns on to
restore balance.

e Real-Time Alerts & Notifications: If humidity remains outside the ideal range for an extended period, the system
sends a notification via the mobile app or email to alert the user.

e Remote Monitoring: Users can access real-time data on humidity levels, system status, and historical trends through
the mobile application.

e System Optimization: The system continuously analyzes humidity trends and adjusts dehumidification settings
dynamically to maintain optimal wardrobe conditions.

This structured workflow ensures the efficient, automated, and intelligent regulation of wardrobe humidity, preventing
moisture-related damage and ensuring user convenience.

3.4 Implementation
The implementation of the loT-based Smart Wardrobe Dehumidifier involves both hardware and software integration to
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ensure effective humidity monitoring, moisture control, and real-time user alerts.

Hardware Implementation:The system integrates an ESP32 microcontroller with a DHT11 sensor, fan, heater, and
humidifier to regulate humidity levels inside the wardrobe. The ESP32 acts as the central processing unit, handling data
communication between sensors and the mobile application. The DHT11 sensor continuously monitors temperature and
humidity, while the fan and heater automatically activate to reduce excess moisture. The system is designed to be compact
and energy-efficient, minimizing wiring complexity and optimizing power management for prolonged operation.

Software Implementation: The Android mobile application, developed using XML (UI) and Java/Kotlin, provides real-time
monitoring and control over humidity settings. Users can set humidity thresholds, receive alerts, and manually override the
system when needed. The system logs sensor data securely in a MySQL database, allowing users to track historical trends.
Additionally, push notifications or email alerts are triggered if humidity levels exceed or drop below the safe range, ensuring
proactive moisture control.

This implementation strategy is designed to prevent moisture-related damage, enhance user convenience, and maintain an
optimal wardrobe environment. By leveraging IoT technology, the Smart Wardrobe Dehumidifier ensures an automated,
efficient, and intelligent humidity control system for improved wardrobe protection.

Outputs from the dehumidifier:

This image indicates the temperature that we have set is done by the hardware.

© O HDAC A% R o

Temperature Alert
Please check your box...

This image indicates message received by the user when the temperature is reached, we have set.
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4. RESULTS AND DISCUSSION

The Smart Wardrobe Dehumidifier was tested under various environmental conditions, including different humidity levels,
temperature variations, and user interactions. Results indicate a 95% accuracy rate in maintaining optimal humidity levels
within the wardrobe. Users reported a significant reduction in moisture-related damage, such as mold growth and fabric
deterioration. Additionally, real-time monitoring and automated controls improved convenience, eliminating the need for
manual dehumidification methods.

A comparative study was conducted between traditional dehumidification methods (such as silica gel packets and manual
dehumidifiers) and the Smart Wardrobe Dehumidifier. The findings revealed that traditional methods had a 40% higher
chance of ineffective moisture control, while the automated system consistently maintained optimal humidity without user
intervention. Furthermore, user feedback suggested that the system’s real-time notifications and remote access enhanced
confidence in wardrobe maintenance.

Challenges Identified:

o Network Dependency: The system requires an active internet connection for remote monitoring, which may be a
limitation in low-connectivity areas.

o Initial Setup Complexity: Some users found the initial configuration slightly challenging, requiring technical
assistance for calibration.

e Power Interruptions: The system depends on continuous power supply, necessitating a backup power solution for
uninterrupted operation.

Despite these challenges, the system demonstrated a high level of efficiency and reliability, providing a scalable and
automated solution for wardrobe humidity control. The results support the effectiveness of loT-based automation,
highlighting its potential for broader applications in home automation and environmental monitoring.

5. CONCLUSION AND FUTURE ENHANCEMENTS

The loT-based Smart Wardrobe Dehumidifier represents a significant innovation in humidity control and wardrobe
maintenance. By automating moisture regulation and integrating real-time monitoring, this system effectively prevents mold
growth, fabric deterioration, and unpleasant odors, ensuring an optimal storage environment. It provides a scalable and
efficient solution for users looking to protect their clothing and valuables without relying on manual dehumidification
methods.

Despite its success, further enhancements can improve the system’s efficiency, adaptability, and user experience.

Future enhancements may include:

o Al-Powered Climate Optimization: Implementing Al algorithms to analyze historical humidity data and predict
optimal dehumidification settings for different seasons.

¢ Smart Wardrobe Integration: Connecting with automated wardrobe systems to suggest clothing based on weather
conditions and humidity levels.

e Voice-Activated Control: Enabling voice commands for hands-free operation, improving accessibility for all users.

e Enhanced Security Features: Adding biometric authentication (such as fingerprint or facial recognition) to prevent
unauthorized access to system settings.

e Energy-Efficient Design: Developing low-power consumption modes and solar-powered alternatives to ensure
sustainability.

e Battery Backup System: Implementing rechargeable battery support to maintain functionality during power outages.

By incorporating these advancements, the Smart Wardrobe Dehumidifier can evolve into a more intelligent and user-friendly
solution, enhancing wardrobe protection, automation, and convenience. This system has the potential to redefine home
automation standards, making wardrobe maintenance effortless and efficient.
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