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ABSTRACT 

In Malaysia, the climate often fluctuates between extreme heat and sudden heavy 

rainfall, causing inconvenience for residents who are away from home. To address this 

issue, this study aims to create a smart clothing drying system using Arduino 

technology. This system allows for semi-automatic or fully automatic clothes drying, 

adapting to changing weather conditions. The system's core is an Arduino, which 

interfaces with sensors measuring humidity, temperature, air pressure, light intensity, 

UV intensity, and rainfall to gather comprehensive environmental data. This data feeds 

into a model that evaluates if the current weather conditions are suitable for air-drying 

clothes. The system utilizes predefined strategies and thresholds to make autonomous 

decisions about whether to proceed with clothes drying. Arduino controls two DC 

motors to move the clothes rack to suitable locations, such as indoors during 

unfavorable weather or outdoors on sunny days. For remote control, Arduino is 

equipped with Wi-Fi connectivity, enabling a mobile app through the Blynk IoT 

platform for precise manual adjustments. This app not only offers remote control for 

retrieving or hanging clothes but also provides real-time sensor data and notifications 

about clothing rack movements and potential rain. The system incorporates advanced 

features such as manual remote control of wheel movements, path recording and 

playback, and reverse path execution. All settings and recorded paths are stored in 

EEPROM, ensuring persistence across power cycles. Additionally, the system 

considers sunrise and sunset times to determine its operational hours. This intelligent 

system provides users with convenient control over clothes drying, whether through 

automated decisions based on sensor data and predefined strategies or remote manual 

operations, thus simplifying daily life and improving energy efficiency. 
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CHAPTER 1 

 

INTRODUCTION 

The project titled "Development of an Arduino-based Intelligent Clothing Drying 

System" aims to create an innovative solution for clothing drying by designing and 

implementing a smart system that utilizes Arduino technology. This system will 

autonomously detect rainwater and sunlight conditions to optimize the clothing drying 

process, enhancing user convenience and experience. By integrating sensors for 

temperature, humidity, light intensity, UV intensity, and rainfall, along with actuators, 

the Arduino-based system will effectively assess environmental conditions and control 

the clothing drying process. 

 

1.1 Problem Statement and Motivation 

Traditional clothes drying racks require constant attention to weather conditions when 

hanging clothes out in sunny areas. They need to be promptly retracted if there are signs 

of rain. If no one is at home, whether the clothes dry or not becomes a matter of luck. 

Good weather poses no issue, but if it rains, the clothes need to be laundered again. 

While drying machines are convenient, not everyone possesses one, and some 

individuals prefer naturally sun-dried clothes. 

The challenge lies in creating an intelligent system that can adapt to ever-changing 

weather conditions, pausing drying during rain and resuming when ample sunlight is 

available, thereby achieving a semi-automatic or even fully automatic clothes drying 

process. For instance, imagine someone who is busy working or away from home while 

their laundry is hanging outside to dry. If an unexpected rain shower occurs, the clothes 

could get soaked, requiring them to be washed again. This situation can be inconvenient 

and lead to additional time and effort. 

To address this issue, developing an intelligent clothing drying system enables users to 

remotely monitor weather conditions and control the drying status of their clothes. This 

way, users don't have to personally keep an eye on the weather near their homes, 

ensuring that their clothes are dried at the right time, thus enhancing convenience and 

comfort in their daily lives. 
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1.2 Research Objectives 

The objective of this project is to develop intelligent and autonomous clothes drying 

system based on Arduino technology. This system will seamlessly integrate hardware 

components like sensors and actuators with a user-friendly mobile application. By 

assessing various environmental data such as temperature, humidity, light intensity, UV 

intensity, and rainfall, the system will autonomously determine the optimal drying 

conditions and control the movement of the clothes rack accordingly. 

The goal is to realize a fully automated drying process that operates without human 

intervention, providing a practical and convenient solution for the daily chore of clothes 

drying. To achieve this, a series of progressive steps will be undertaken, including the 

development of an Arduino-based controller, the integration of relevant sensors, the 

implementation of decision-making algorithms, and the creation of a mobile app for 

remote monitoring and control. Through this comprehensive approach, the project aims 

to enhance the efficiency and user experience of the clothes drying process, offering a 

smart and sustainable solution for modern households. 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 1 INTRODUCTION 

Bachelor of Computer Science (Honours)  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 3 
 

1.3 Project Scope and Direction  

The scope of the project encompasses the design and implementation of a smart clothes 

drying system centred around Arduino technology. Additionally, a mobile application 

will be developed to complement this system. The system's functionality stems from its 

ability to assess current weather conditions through data obtained from sensors 

interfaced with the Arduino, including humidity, temperature, light intensity, UV 

intensity, and rainfall sensors. It automatically adjusts the clothes drying process, 

aiming to enhance the convenience and efficiency of this household task. 

The core of the system lies in the Arduino, which interfaces with sensors measuring 

humidity, temperature, light intensity, UV intensity, and rainfall to gather 

comprehensive environmental data. This data is then processed to evaluate if the current 

weather conditions are suitable for air-drying clothes. The system also incorporates 

predefined strategies and thresholds to autonomously decide whether to proceed with 

the drying process or not. 

The Arduino controls two DC motors to move the clothes rack to suitable locations, 

such as indoors during unfavourable weather conditions or outdoors on sunny days. For 

remote control capabilities, the Arduino is equipped with Wi-Fi connectivity, enabling 

a mobile app through the Blynk IoT platform for precise manual adjustments. 

The project also includes advanced features such as manual remote control of wheel 

movements, path recording and playback, and reverse path execution. All settings and 

recorded paths are stored in EEPROM, ensuring persistence across power cycles. 

Additionally, the system considers sunrise and sunset times to determine its operational 

hours. 
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1.4 Contributions 

The contributions of this project are reflected in several aspects: 

Intelligent Clothing Drying Solution: By integrating Arduino technology with sensors, 

an intelligent clothing drying system has been developed. It can adjust the drying 

process intelligently based on weather conditions, preventing clothes from being 

affected by rainwater. 

Enhanced User Experience: By offering remote control and real-time weather feedback, 

the project significantly improves user convenience and satisfaction. Users no longer 

need to personally monitor the weather, as the system handles drying decisions 

automatically. 

Mobile App Development: The creation of a mobile application enables users to 

conveniently control the drying system remotely, provide weather feedback, and 

receive notifications through the Blynk platform. This enhances the interactivity and 

usability of the system. 

Personalized Choices: Implementation of both semi-automatic and fully automatic 

drying modes allows users to choose how their clothes are dried based on personal 

preferences and needs, catering to various user habits. 

Sustainability Considerations: Through intelligent drying control, the project reduces 

the need for clothes to be rewashed due to rainwater exposure, thereby reducing water 

and energy wastage to some extent. 

Technological Innovation: The integration of advanced features such as path recording, 

playback, and reverse execution, as well as storing settings and paths in EEPROM, 

demonstrates the potential for applying complex control systems in household 

appliances. 

Adaptive Design: The feature considering sunrise and sunset times allows the system 

to better adapt to natural light cycles, optimizing energy use and improving efficiency. 

These contributions collectively create a comprehensive, intelligent, and user-friendly 

clothes drying system that not only solves practical problems but also provides 

innovative ideas for the smart home sector. 

 



CHAPTER 1 INTRODUCTION 

Bachelor of Computer Science (Honours)  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 5 
 

1.5  Report Organization 

The details of this study will be introduced in the following chapters. The second 

chapter reviews some related backgrounds, including previous works on automatic 

cloth drying systems and a comparison of different weather APIs and Arduino hardware 

options. Then, in the third chapter, it introduces the system methodology and approach, 

detailing the hardware and software requirements, system design diagram and project 

timeline. The fourth chapter focuses on system implementation, describing the Blynk 

interface, Arduino connections, and challenges encountered during the development 

process. Finally, Chapter 5 presents the system evaluation and discussion, including 

testing setups, results and an assessment of how well the project objectives were met. 

The report concludes with Chapter 6, which provides a conclusion and 

recommendations for future improvements and extensions of the project. 
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CHAPTER 2 

 

LITERATURE REVIEWS 

 

2.1  Previous Works 

In the following study will describe various systems with similar primary objectives 

and principles. Each of these systems utilizes a Control Unit to connect to sensors such 

as Rain Sensors, Temperature Sensors, or Light Sensors, and based on the data obtained 

from these sensors, they determine the weather conditions and control a motor to move 

clothes. While the main objectives are consistent across these systems, there are 

differences in the choice of Control Unit, Sensors, and the specific methods employed 

to move the clothes. The following content will elaborate on the characteristics of each 

system, summarize their differences, highlight limitations, and propose solutions. 
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2.1.1 Automatic Control Circuit Design for a Clothes Dryer [1] 

Hardware Components 

The table below outlines the hardware components used in the system along with their 

functionalities: 

Table 2.1 Specifications of Hardware 

Component Functionality 

ESP32 Microcontroller Central control unit, supports Wi-Fi and 

Bluetooth connections, used for internet 

connectivity. 

Light Dependent Resistor (LDR) Detects the presence of sunlight, used to 

determine changes in light intensity. 

Raindrop Sensor (MD0127) Detects rainwater, generates output 

voltage when water droplets meet the 

sensor. 

Temperature and Humidity Sensor 

(DHT22) 

Detects temperature and humidity, 

ensuring a suitable environment for 

drying clothes. 

Direct Current (DC) Motor Controls the movement of clothes by 

toggling the polarity of the DC power 

source. 

H-Bridge Motor Driver Controls the rotation direction and speed 

of the DC motor. 

Firebase Realtime Database Stores and syncs sensor data, accessible 

from any platform. 
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System Operating Principle 

A Light Dependent Resistor (LDR) is used to detect the presence of sunlight. The 

resistance value of the LDR changes according to variations in light intensity, allowing 

the system to determine the presence of sunlight. A Raindrop Sensor (MD0127) is 

employed to detect rainwater. When water droplets meet the sensor, it generates a 

sufficient output voltage to determine the occurrence of rain. A Temperature and 

Humidity Sensor (DHT22) is utilized to monitor environmental temperature and 

humidity, ensuring suitable conditions for clothes drying. When the need to block 

sunlight or protect against rain is detected, the ESP32 controls a DC motor using an H-

Bridge motor driver, moving the clothes to a shaded area. The system sends sensor data 

to the Firebase Realtime Database via Wi-Fi connectivity, making the data accessible 

from any device at any time. 

 

Figure 2.1 Components 
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Parameter Standards and Fuzzy Logic Control: 

The system employs fuzzy logic control to determine whether the weather is suitable 

for hanging clothes. The following are some parameter standards used for fuzzy logic: 

1. Light Intensity Measurement: Mapping light intensity from ADC values to a 

percentage scale (0-100%), divided into Dark (0-50%), Bright (30-80%), and Very 

Bright (70-100%). 

2. Humidity Measurement: Represented in percentage as relative humidity, divided into 

Dry (0-60%), Normal (50-90%), and Humid (80-100%). 

3. Temperature Measurement: In degrees Celsius, divided into Cold (10-25°C), Warm 

(20-35°C), and Hot (32-50°C). 

Steps of Fuzzy Logic Control: 

1. Map sensor measurements to their respective fuzzy sets. 

2. Use fuzzy rules based on combinations of light intensity, humidity, and temperature 

for decision-making. 

3. Employ Mamdani method's implication function (MIN) and aggregation function 

(MAX) to calculate whether the weather is suitable for clothes drying. 

4. If deemed sunny, clothes are exposed to sunlight; otherwise, they are moved to a 

shaded area. 
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The table is structured as follows, with each row representing a combination of light 

intensity, humidity, and temperature conditions, along with the resultant weather 

conclusion: 

Table 2.2 Fuzzy Rules 

No. Light Humidity Temperature Weather 

1 Dark Dry Cold Dark 

2 Dark Dry Warm Bright 

3 Dark Dry Hot Bright 

4 Dark Normal Cold Dark 

5 Dark Normal Warm Dark 

6 Dark Normal Hot  Bright 

7 Dark Humid Cold Dark 

8 Dark Humid Warm Dark 

9 Dark Humid Hot Dark 

10 Bright Dry Cold Bright 

11 Bright Dry Warm Bright 

12 Bright Dry Hot Bright 

13 Bright Normal Cold Dark 

14 Bright Normal Warm Bright 

15 Bright Normal Hot Bright 

16 Bright Humid Cold Dark 

17 Bright Humid Warm Dark 

18 Bright Humid Hot Bright 

19 Very Bright Dry Cold Bright 

20 Very Bright Dry Warm Bright 

21 Very Bright Dry Hot Bright 

22 Very Bright Normal Cold Bright 

23 Very Bright Normal Warm Bright 

24 Very Bright Normal Hot Bright 

25 Very Bright Humid Cold Dark 

26 Very Bright Humid Warm Bright 

27 Very Bright Humid Hot Bright 
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Method to Move Cloth 

Moving clothes uses components such as DC motor and H-Bridge motor driver, and 

the rotation direction of the motor is controlled by PWM signal, so that the clothes rope 

is rolled up or put down, and the clothes are taken to the position of shading or 

sunbathing. 

The system contains many valuable aspects worth learning and referencing. For 

instance, it implements Parameter Standards and Fuzzy Logic Control. Since weather 

conditions can vary with elements like heat, cold, dryness, and humidity, and there may 

not be an absolute numerical threshold, the use of fuzzy logic and the Mamdani method 

is highly suitable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 2 LITERATURE REVIEWS 

Bachelor of Computer Science (Honours)  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 12 
 

2.1.2 Designing an Internet of Things Based Automatic Clothesline [2] 

 

Hardware Components  

Table 2.3 Specifications of Hardware 

Components Functionality 

NodeMCU ESP8266  An IoT platform based on the ESP8266 

microcontroller, used to control the 

clothes drying rack system via Wi-Fi. 

Rainwater Sensor Detects rainwater and triggers the 

retraction of the clothes drying rack. 

DC Motor  Drives the extension and retraction 

motion of the clothes drying rack. 

Relay Module  An electrical switch that controls the 

power supply to the DC motor based on 

input from the NodeMCU and the 

rainwater sensor. 

Access Point  Establishes a Wi-Fi network for 

communication between the NodeMCU 

and smartphones, enabling remote 

control. 

DC Power Adapter  Converts AC power into DC power for 

powering components like the 

NodeMCU and the motor. 
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Figure 2.2 Automatic drying tool design 

System Operating Principle 

NodeMCU ESP8266: The NodeMCU is programmed to connect to a Wi-Fi network 

and respond to commands from smartphones or other devices. It communicates with a 

rainwater sensor to determine if it's raining and sends signals to control clothes drying 

rack system through a relay module and a DC motor. 

Rainwater Sensor: The rainwater sensor detects raindrops and is activated when 

rainwater meets it. This results in a change in its output, which is read by the NodeMCU. 

When rain is detected, the NodeMCU sends commands to retract the drying rack, 

protecting wet clothes from getting soaked in the rain. 

DC Motor: The DC motor drives the movement of the drying rack. When the 

NodeMCU receives a signal from the rainwater sensor indicating rain, it activates the 

motor through the relay module, causing the drying rack to retract and safeguarding the 

clothes from getting wet in the rain. 

Relay Module: The relay module acts as a switch controlled by the NodeMCU. When 

the NodeMCU receives a signal from the rainwater sensor or a smartphone application, 

it activates the relay, allowing current to flow and power the DC motor, thereby 

controlling the movement of the drying rack. 
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Access Point: The access point creates a local Wi-Fi network, enabling communication 

between the NodeMCU and a smartphone. This allows users to remotely control the 

drying rack system through a smartphone application. 

DC Power Adapter: The DC adapter converts the AC power supplied into DC power 

suitable for powering components like the NodeMCU and motor, ensuring the proper 

functioning of the system. 

In summary, the automated clothes drying rack system utilizes the NodeMCU ESP8266 

as the main controller, communicating with various components including the 

rainwater sensor, DC motor, and relay module. When rain is detected, the system 

retracts the drying rack using the motor to protect wet clothes. Users can interact 

remotely with the system through a smartphone application connected to the 

NodeMCU's access point. 

 

Method to Move Cloth 

In this paper, a DC motor is used as the driver of the clothesline, which can rotate 

forward or backward according to the instruction of the microcontroller, thus moving 

the clothesline indoors or outdoors. The microcontroller controls the switch and 

direction of the DC motor through a relay module. When the microcontroller judges 

that it is raining, it will activate the relay module, reverse the DC motor, and take the 

clothesline back indoors. When the microcontroller judges that it is not raining, it will 

activate the relay module and make the DC motor rotate forward to push the clothesline 

out of the room. 
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2.1.3 Design and Experimental Study on Automatic Cloth Retrieval and Drying 

System  

Hardware Components [3] 

Table 2.4 Specifications of Hardware 

Components Functionality 

Sheet Metal Used to provide structural support and 

external protection. 

Electric Motor Converts electrical energy into 

mechanical energy. 

Solar Panel Converts solar energy into electricity for 

powering electronic devices. 

Rain Detector Used to detect the presence or intensity of 

rain. 

Blower Uses to blow out hot air. 

12V DC geared motor  Used to provide precise mechanical 

motion, often combined with gears to 

achieve the desired output. 

Temperature Sensor Measures the ambient temperature of the 

surroundings. 

Light Sensor Measures the ambient light intensity. 

Battery Stores electrical energy for use when 

needed. 

Control Unit (PIC 16F877) Used to control and coordinate other 

components. 
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Method to Move Cloth 

This research mentions a DC motor, which can control the movement of clothes through 

a pulley and a rope. When the system judges that the weather is suitable for drying 

clothes, the motor will pull out the rope and extend the clothes out of the window; When 

the system judges that the weather is not suitable for drying clothes, the motor will take 

back the rope and the clothes in the window. 

 

Factors for Material Selection 

The research mentions that there are a total of seven factors for material selection, 

which are physical properties, mechanical performance, manufacturability, 

manufacturing cost, quality requirements, material availability, and space 

considerations. 

 

System Operating Principle 

The system is composed of a solar panel, a battery, a motor, and a control unit. The 

solar panel harnesses solar energy and charges the battery. The battery stores this 

energy and uses it to power the motor. The motor, in turn, operates a pulley and rope 

mechanism that controls the movement of the clothes rack. Users can hang their wet 

laundry on the rack and set a desired drying time using a rotary switch. Control unit is 

the brain of the system. It receives signals from various sensors (temperature, light-

sensitive, and rain sensors) and determines the current weather conditions. This data is 

then displayed on an LCD screen. If the weather is sunny and warm, the control unit 

signals the motor to extend the clothes rack outside for drying. A timer for the drying 

process is also initiated. In case of unfavourable weather conditions like rain or 

cloudiness, the control unit instructs the motor to retract the clothes rack indoors. The 

drying timer is paused during this period. Once the set drying time is reached, the 

control unit prompts the motor to retract the clothes rack indoors if it isn’t already. 

Users are then notified to collect their now dry laundry. 
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Literature Review in This Research 

Table 2.5 Literature Review 

Outdoor 

Scalable 

Clothes 

Drying Rack 

This system employs German gas springs and Japanese rolling 

bearings to enable the drying rack to be stored near the ceiling 

when not in use. It can be lowered and extended for use, making it 

suitable for homes with limited space. 

Rain Gauge 

RG-10 

This device utilizes infrared beams to detect rainfall. It offers 

different operational modes and signal outputs through DIP 

switches. It is suitable for applications requiring dependable and 

sensitive rainwater detection, such as automatic awning retraction 

and ship/vehicle wiper control. 

Temperature 

Control 

System 

This system is designed for server rooms and comprises 

temperature sensors, a PIC microcontroller, an LCD, a drive circuit, 

an AC air heater, and an AC motor. It automatically regulates the 

air heater and motor based on room temperature to maintain an 

optimal temperature inside the server room. 

Roller Blind 

Awning 

This awning is constructed using heavy-duty American 

components with a robust aluminium alloy frame and weather-

resistant coating. An electric motor allows for easy rolling up or 

down, making it suitable for locations requiring sun protection or 

protection from wind and rain. 

Balance of 

Hanging 

Clothesline 

This method applies principles from engineering mechanics, 

specifically the concept of a balance force system, to analyse the 

equilibrium of hanging clotheslines. The hanging clothesline is an 

example of a parallel force system where all forces acting on the 

steel pipe are vertical. Design considerations include the mass of 

the hanging object, whether it's wet or dry, and the position of the 

clothesline. 

Research on 

Drying 

Laundry 

This section presents research on laundry drying, covering the 

rationale and methods for indoor and outdoor drying. It also 

explores factors influencing the drying process, such as moisture 

evaporation, humidity changes, and energy conversion. 
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2.1.4 Automatic Cloth Drying Line Solution Using IoT [4] 

Hardware Components 

Table 2.6 Specifications of Hardware 

Components Functionality 

Arduino UNO A micro-controller board used to control 

and coordinate other components. 

Rain Sensor Module Used to detect rainfall and is a kind of  

switching device. 

 

L293D Motor Driver  A dual-channel H-Bridge motor driver 

and used to control the direction of 

rotation of a bi-directional DC motor. 

ESP8266 wi-fi module A cost-effective Wi-Fi microchips. 

Jumper Wires  Wires with connector pins at both their 

ends, which allow for setting up 

connections without soldering. 

Breadboard A simple board which helps in solderless 

circuit. 

12V DC geared motor  Used to move heavy objects. 

Drawer Slider A device that allows for horizontal 

motion or the sliding motion. 
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Method to Move Cloth 

This system does not need to move clothes, but the roof. It uses drawer slide rails to 

realize the translation movement of the roof. 

The movable roof is a transparent roof made of fibreboard, which can slide on the 

clothes rack to cover or expose clothes according to weather conditions. The sliding 

movement of the moving roof is realized by a 12V DC deceleration motor, and a pulley 

is installed on the motor. When the motor rotates, cotton thread will wind or loosen the 

pulley, thus driving the roof to slide back and forth along the slide rail. Drawer slide 

rails are devices that can move horizontally, and they are fixed at both ends of the 

clothes rack. 

Literature in This Research 

The article reviews the types and characteristics of existing clothes drying rack systems, 

including traditional T-Poles, retractable Versa lines, and automatic systems that use 

fixed roofs and sensors to retract clothes. 

The article points out the shortcomings of existing systems, such as space occupation, 

high cost, poor drying due to clothes contact, etc., and proposes the innovations of the 

SMART-DRY system, such as using a moving roof instead of moving clothes, using 

drawer rails instead of complex folding mechanisms, using T-Poles as the basic 

structure, etc. 

System Operating Principle 

The system uses an Arduino UNO as a microcontroller and a raindrop sensor as the 

main functional unit. When the raindrop sensor detects rain, it sends a signal to the 

Arduino UNO, triggering a motor driver to start a 12V DC motor, moving the mobile 

roof to cover the clothes and protect them from the rain. When the rain stops, the 

raindrop sensor notifies the microcontroller via a signal, and the microcontroller 

triggers the motor driver again, causing the motor to start and move the mobile roof in 

the opposite direction, exposing the clothes to the air again. The system uses an 

ESP8266 wi-fi module for wireless communication, synchronizing the status of the 

system in real time to an application that users can use via the internet. 
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2.1.5 Summary of Previous Works 

Table 2.7 Specifications of Control Unit and Wi-Fi Module 

 Control Unit Wi-Fi Module 

1 ESP32 Built-in 

2 NodeMCU  ESP8266 

3 PIC 16F877 No 

4 Arduino UNO ESP8266 

 

The above table are the control units used by four different systems, some of which 

have a built-in Wi-Fi module, while others require external connections. The third 

system does not intend to use Wi-Fi functionality. The control unit's primary function 

here is to establish connections and control various components. In addition, some of 

them have a Wi-Fi module that allows users to remotely control the entire system. 

Table 2.8 Specifications of Sensor 

 Temperature Humidity Light  Rain 

1 DHT22 DHT22 LDR MD0127 

2 No No No Yes 

3 Yes No Yes Yes 

4 No No No Yes 

 

The above table are the sensors used by four different systems, which include 

Temperature, Humidity, Light, and Rain sensors. The first system uses the DHT22, 

which is a sensor that combines Temperature and Humidity measurements. The second 

and fourth systems only use Rain Sensors. When using only the rain sensor, it means 

that the system is triggered only when the rain sensor detects rain. Since this is a 

prototype, the rain sensor has a relatively small sensing area. In practical applications, 

to ensure that the rain sensor can detect rain as quickly as possible, the sensing area of 

the rain sensor needs to be increased. 

Moreover, when the rain sensor detects rain, it often implies that clothes have also been 

exposed to some rainwater. This makes this solution more of a contingency plan for 

drying clothes after they have been rained on, rather than a system that can replace a 
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person to successfully dry freshly washed clothes. In comparison, the first and third 

systems are equipped with sensors such as temperature, humidity, and brightness 

sensors. These sensors allow the system to assess the weather conditions. If the weather 

assessment is accurate enough, it can predict rain with a high probability before it starts 

raining. In such cases, it can proactively bring the clothes indoors and move them 

outside to dry when the temperature and brightness are suitable. 

However, weather conditions can be quite variable, and it may be advisable to consider 

adding more sensors to gather additional data for weather prediction, such as a wind 

direction sensor and anemometer. 

In summary, there are three approaches to moving clothes, all of which involve the use 

of DC motors, pulleys, and ropes. Approach 4, however, takes a completely different 

approach by not moving the clothes but rather the roof itself. It utilizes a roof, a 12V 

DC reduction motor, pulleys, and a sliding rail system. In the former solutions, the ropes 

need to be divided into two segments: one in the exposed area and the other in the 

sheltered area. In practice, they can only dry a limited amount of clothes at a time. 

The latter approach is relatively expensive and challenging to implement, making it less 

accessible. However, these two approaches are currently considered relatively suitable 

solutions. In the future, this study will select the appropriate implementation method 

based on specific customer requirements. Currently, the plan is to use the DC motor, 

pulleys, and ropes approach. 
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2.2 Weather API Selection 

2.2.1  

AccuWeather APIs [5] 

Within the suite of APIs provided by AccuWeather, the Weather Alarms API is 

particularly well-suited for determining whether it might rain in a specific area to 

retrieve clothes left outdoors for drying. By utilizing AccuWeather's Weather Alarms 

API, valuable weather alarm information for a particular location can be obtained to 

ascertain the presence of rainfall or any other weather anomalies. This information 

holds significant value for making informed decisions regarding clothing management.  

 

Figure 2.3 Weather Alarms API 

 

Figure 2.4 Weather Alarm Thresholds 
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Packages  

To utilize the Weather Alarms API, a minimum requirement of the Standard package 

from AccuWeather is necessary, which is priced at $25 per month. However, it's 

important to note that this may have a relatively low cost-effectiveness in achieving the 

specific objectives of this study. 

 

Figure 2.5 Packages and Pricing 

 

 

 

 

 

 

 



CHAPTER 2 LITERATURE REVIEWS 

Bachelor of Computer Science (Honours)  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 24 
 

Free Package API 

In addition to the Standard package, AccuWeather's free package includes several APIs 

that are suitable for this study, such as the Daily and Hourly Forecasts APIs. The Daily 

Forecast API provides users with the weather forecast for the current day, aiding in 

decisions about whether to dry clothes on that day. On the other hand, the Hourly 

Forecasts API offers more detailed and up-to-date weather forecasts, facilitating 

decisions regarding when to halt clothes drying activities. The Current Conditions API 

allows retrieval of real-time weather data for a specific location, offering valuable 

information about the current weather conditions. Furthermore, the Location API, with 

its location key, can provide information about neighbouring cities or specific locations, 

enhancing specificity and precision at the regional level. This can greatly assist users 

or models in making informed decisions.  

 

Figure 2.6 Daily Forecast 
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Figure 2.7 Current Conditions 

 

Figure 2.8 Hourly Forecast 

 

Figure 2.9 Location Key 

Countries 

In the "Countries" section of the AccuWeather API, it can be observed that it supports 

most countries, including Malaysia. 

 

Figure 2.10 Countries 
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2.2.2 

Open Weather API [6] 

A variety of data can be accessed from the Open Weather API, including current 

weather conditions and forecasts, ranging from minute-by-minute forecasts for the next 

hour to daily forecasts covering 8 days, along with government weather alerts. 

Additionally, the API offers the capability to retrieve weather data for any specific 

timestamp from a historical archive spanning over 40 years, as well as obtain a 4-day 

ahead forecast. Moreover, it provides daily aggregated weather data from a 40+ year 

archive and extends its forecasts 1.5 years into the future.  

 

Figure 2.11 One Call API 

 

Global Weather Alerts Push Notifications 

Like AccuWeather, the Open Weather API also provides the "Global Weather Alerts 

Push Notifications" feature, which aligns with the requirements of this study. However, 

it comes with a price tag of 95 GBP (approximately RM554.80). Consideration for this 

feature may be warranted in the context of future commercialization and expansion to 

additional regions in software development. Currently, it may not align with the 

project's immediate requirements. 
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Figure 2.12 Special products 

 

Figure 2.13 Global Weather Alerts Push notifications 
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Other Suitable Service 

The Open Weather API offers additional services suitable for this study. For instance, 

the "Current Weather Data" service provides real-time weather data for any location. 

The "Hourly Forecast 4 days" service offers a continuous 4-day hourly forecast but 

necessitates the "Startup Package," priced at approximately 30 GBP per month 

(approximately RM175.20). The "Daily Forecast 16 days" service provides a 

continuous 16-day daily forecast and requires the "Developer Package," priced at 

approximately 140 GBP per month (approximately 817.60 MYR). Overall, the pricing 

of suitable services offered by the Open Weather API tends to be on the higher side. 

Therefore, it is advisable to consider them with a lower priority in the project planning 

of this study. 

 

Figure 2.14 Current & Forecast weather data collection 

 

 

 

 

 

 

 

 



CHAPTER 2 LITERATURE REVIEWS 

Bachelor of Computer Science (Honours)  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 29 
 

2.2.3 MET API [7] 

The Malaysian Meteorological Department Web Service API, commonly referred to as 

MET API, is a complimentary service provided by the Malaysian Meteorological 

Department to the public. This service operates over the HTTP protocol and offers 

endpoints that deliver responses in JSON format.  

The API Token has been successfully obtained through registration with the Malaysian 

Meteorological Department Web Service API. 

 

Figure 2.15 API Token 

 

The following is the throttling of the website. 

 

Figure 2.16 Throttling 

 

There are three types of information that can be obtained from the website: General 

(weather) Forecast, Marine Forecast, and Warnings. The relationship between Marine 

Forecast and this study is not significant, so the following will provide detailed 

explanations for the other two. 
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Available Data 

 

Figure 2.17 Available Data 

 

In contrast to the other two APIs, it's important to note that within the Malaysian 

Meteorological Department Web Service API, the term "warning" does not equate to 

their "Alarm" feature. This warning system is primarily utilized to issue alerts for 

extreme weather conditions or natural disasters and is unrelated to this study. 

 

Figure 2.18 Warnings 

 

Like the previous two APIs, this API also provides access to General Forecast 

information. 
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Figure 2.19 General Forecast 

 

The General Forecast is divided into five location categories, namely STATE, 

DISTRICT, TOWN, TOURISTDEST, and WATERS. Among these, the first three 

(STATE, DISTRICT, and TOWN) will be particularly beneficial for this study. 

 

Figure 2.20 Locations 

 

 

 

 

 

 



CHAPTER 2 LITERATURE REVIEWS 

Bachelor of Computer Science (Honours)  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 32 
 

2.3 Arduino Hardware Selection 

2.3.1 

SparkFun Arduino IoT Weather Station [8][9] 

This suite of components is exceptionally comprehensive and suitable for building a 

weather station within the scope of this study. The package includes the fundamental 

ESP32 processor module, along with various sensors, such as the BME280, which 

integrates temperature, humidity, and pressure measurements into a single sensor. 

Furthermore, it features the AS3935 lightning detector, capable of detecting lightning 

storms within a radius of up to 40 km and issuing alerts. It can even estimate the storm's 

leading-edge distance as close as 1 km with 14 step values. The AS3935 can also detect 

both cloud-to-ground and cloud-to-cloud discharges.  

While the VEML6075 ultraviolet (UV) sensor is not included in the package by default, 

it can be optionally added to measure UV index and UV intensity. The suite also 

includes components for measuring wind direction and wind speed, a rain gauge, and 

related accessories. Additionally, it incorporates a soil moisture sensor and various 

other accessories to create a comprehensive weather monitoring system. 

 

Figure 2.21 Arduino IoT Weather Station kit content 
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Pricing 

The kit is available for purchase on the Sparkfun website at a price of $124.95 

(approximately RM595). Overall, this kit offers a high level of comprehensiveness and 

provides a wide range of parameters for weather observation. It represents a hardware 

bundle that should be considered for acquisition and utilization in this study. 

 

Figure 2.22 SparkFun Arduino IoT Weather Station 
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CHAPTER 3 

 

SYSTEM METHODOLOGY/APPROACH 

 

3.1  System Requirement 

3.1.1 Hardware 

Table 3.1 Specifications of laptop 

Description Specifications 

Model Victus 16 by HP Laptop  

Processor Intel Core i5-12500H 

Operating System Windows 10 

Graphic NVIDIA GeForce RTX 3050 4GB DDR5 

Memory 24GB DDR5 RAM 

Storage 500GB SATA SSD 

 

Table 3.2 Specifications of Arduino and Sensor 

Description Specifications 

Arduino Model Arduino UNO R4 Wi-Fi 

UV Intensity Sensor GYML8511 

Temperature, Humidity Sensor DHT22 

Light Intensity Sensor BH1750 

Raindrop Sensor FC-37 or YL-83 

Motor Driver  L298N 
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Figure 3.1 Arduino UNO R4 Wi-Fi 

 

Figure 3.1 displays an Arduino UNO R4 WI-FI which, compared to the standard 

Arduino UNO R4, offers several advantages, the most significant being the integrated 

WI-FI and Bluetooth modules. 

 

Figure 3.2 BH1750 Light Intensity Sensor 

 

Figure 3.2 shows a BH1750, a Light Intensity Sensor, capable of outputting light 

intensity data in lux (lx). Connect the VCC pin of the sensor to the 5V pin on the 

Arduino, the GND pin to the GND on the Arduino, the SCL pin to A5, and the SDA 

pin to A4. 
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Figure 3.3 DHT22 Temperature and Humidity Sensor 

 

Figure 3.3 depicts a DHT22, a temperature and humidity sensor. It provides humidity 

readings in percentage form and temperature readings in degrees Celsius.  

Connect the "+" pin of the sensor to the 5V pin on the Arduino, the "OUT" pin to pin 

7, and the "-" pin to the GND on the Arduino. 

 

Figure 3.4 GYML8511 UV Intensity Sensor 

 

Figure 3.4 presents a GYML8511, a UV intensity sensor, capable of outputting 

ultraviolet intensity data in milliwatts per square centimetre (mW/cm²). Connect the 

"VIN" pin of the sensor to the "VIN" pin on the Arduino, the "3V3" pin to the "3.3V" 

pin on the Arduino, the "GND" pin to the "GND" pin on the Arduino, and the "OUT" 

pin to the "A0" pin on the Arduino. For the "EN" pin, connect it to a breadboard row 

that is also connected to the "3V3" pin of the Arduino. In the same row on the 

breadboard, connect another wire leading to the "A1" pin on the Arduino.  
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Figure 3.5 Rain Drop Sensor FC-37 or YL-83 

 

Figure 3.5 showcases the FC-37 or YL-83 rain drop sensor, a device capable of 

detecting water beyond the scope of traditional humidity sensors. This sensor comprises 

two key components: an electronic board and a collector board designed to gather water 

droplets. To integrate the sensor with an Arduino, connect the VCC pin to the Arduino's 

5V, the GND pin to Arduino's ground, and the A0 (analog output) pin to an analog pin 

on the Arduino, typically A0. In this project, due to A0 being occupied by the UV sensor, 

A3 is used instead. 

 

 

Figure 3.6 L298N Motor Driver, Motor and Battery Holder 

 

From left to right, Figure 3.6 sequentially displays an L298N Motor Driver, used to 

control the operation and speed of a motor, the motor itself, and a battery holder. 

Connect the "+" and "-" wires of the first motor to OUT1 and OUT2, and the "+" and 

"-" wires of the second motor to OUT3 and OUT4. Connect the red wire of the battery 

holder to 9V, the black wire to GND. Finally, connect ENA of the Motor Driver to pin 

0 on the Arduino, IN1 to pin 1, IN2 to pin 2, IN3 to pin 9, IN4 to pin 10, and ENB to 

pin 11. 
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3.1.2 Software 

1. Arduino IDE 2.3.2 

2. Blynk IoT Cloud 

 

Develop on the Arduino Uno R4 Wi-Fi board by first downloading the Arduino IDE 

from the official website. After determining which interfaces of the sensors should be 

connected to which interfaces of the Arduino, connect each sensor to the Arduino one 

by one. Connect the Arduino to the computer, refer to the relevant sensor 

documentation, and write code for the Arduino to send the data received from the 

sensors to the serial monitor, checking if the output is normal. Test each sensor 

individually to ensure its code can run normally, then merge all sensor codes to allow 

the Arduino to simultaneously send data from all sensors to the serial monitor.  

For the motor driver module, follow a similar process by correctly wiring it, referring 

to relevant documentation to write code, and testing if it can run normally. If successful, 

merge the code with the previous code and test again. It is also necessary to test if the 

Arduino can use Blynk to send virtual data to the Blynk IoT cloud and receive data 

from the cloud.  

After confirming the ability to operate all sensors and the motor driver module using 

the Arduino IDE, log in to the Blynk website and create a new project, creating 

corresponding data streams for the sensors and motor driver module, and placing 

corresponding controls on the dashboard. Finally, test if sensor data can be viewed on 

the Blynk IoT cloud and if the motor driver module can be controlled via the cloud to 

simulate the extension and retraction of the clothes drying rack. 
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3.2  System Design Diagram 

3.2.1   Smart Clotheshorse System Architecture 

 

Figure 3.7 System Diagram 

 

Diagram in Figure 3.7 explains how the system operates. First, the temperature and 

humidity sensor, light intensity sensor, UV intensity sensor and raindrop sensor 

transmit data to the Arduino. Then, the Arduino sends this data in real time to Blynk so 

it can be remotely viewed via Blynk's mobile, or web app. Users can manually control 

the movement of the Motor Driver through Blynk, moving it indoors or outdoors. 

Additionally, a function is set up in the Arduino to send signals to Blynk based on the 

sensor data, particularly in situations where there is a high probability of rain. Blynk 

then notifies the user's phone to prompt a response, automatically moves the Motor 

Driver, and sends a message through Blynk email function to user's email. 
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3.2.2   Automation Flowchart Diagram 

 

Figure 3.8 Automation Flowchart Diagram 

 

Figure 3.8 illustrates the Automation algorithm for the clothes drying rack system. 

Initially, the Condition value (total sensor amount) and Strategy (User Setup Value) are 

established. For instance, with 5 sensors, the Condition value is set to 5, while the user-

defined Strategy might be 3, indicating that suitable drying conditions are met when 

three or more sensors satisfy their criteria. 

Sensors are categorized into two types: those directly proportional to favourable drying 

conditions (such as Temperature, Light Intensity, and UV Intensity) and those inversely 

proportional (like Humidity and Raindrop detection). The system evaluates each sensor 

against its threshold. For directly proportional sensors, if the real-time value falls below 

the threshold, the Condition value decreases by one. Conversely, for inversely 

proportional sensors, the Condition value decreases if the real-time value exceeds the 

threshold. For example, if the humidity threshold is 75% and the current humidity is 

65%, this sensor meets the condition, and the Condition value remains unchanged. 

When the automation feature is active and weather conditions are favourable for drying 

(as determined by the sensors), the system checks if the drying rack is indoors and if 
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the current time falls within the designated drying period. If these conditions are met, 

the Replay Forward function is activated to move the rack outdoors. Simultaneously, a 

Move Out Notification is triggered, alerting the user via email and mobile notification. 

The movement path, sensor thresholds, and other relevant data are then saved in the 

EEPROM. 

Conversely, if weather conditions become unfavourable or the current time falls outside 

the drying period while the rack is outdoors, the system initiates the Replay Backward 

function, sends a Move in Notification, and saves the updated data to the EEPROM. 

Lastly, if weather conditions deteriorate significantly, the system notifies users of 

potential rainfall, allowing for proactive measures to protect drying clothes. 

This comprehensive automation system ensures optimal clothes drying management, 

adapting to real-time weather conditions and user-defined parameters while keeping 

users informed through timely notifications. 

 

3.2.3   Replay Sequence Diagram 

 

Figure 3.9 Replay Sequence Diagram 
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Figure 3.9 illustrates examples of Replay Forward and Replay Backward paths. When 

a user initiates recording by pressing the Recording button in the Blynk App, 

subsequent joystick operations are logged sequentially. In this instance, the sequence 

includes forward movement, a right turn, another forward movement, a left turn, and a 

final forward movement. The recording concludes when the user presses the Recording 

button again. 

Each action and its corresponding duration are queued and recorded in order, allowing 

for accurate reproduction through the Replay Forward function. Simultaneously, the 

system records data for Replay Backward functionality. This reverse playback operates 

by inverting each action: forward movements become backward, right turns become 

left turns, and so forth. These inverted actions and their durations are stored in a stack 

structure, enabling the derivation of a reverse path that returns to the starting point. 

For example, as shown in the image, the original sequence of forward, turn right, 

forward, turn left, and forward is transformed into backward, turn right, backward, turn 

left, and backward for the Replay Backward path. This inversion ensures that the 

clothes horse can retrace its steps and return to the origin point. 

Through these functions, users can customize the movement path of the clothes drying 

rack. After a one-time setup, the drying rack can be controlled manually or 

automatically via the Blynk App, allowing for easy manipulation of its movement. If 

users are dissatisfied with the current path, they have the option to re-record it. The new 

recording will overwrite the previous path, ensuring that the drying rack's movement 

always aligns with the user's most recent preferences. 
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3.3    Timeline (Gantt Chart) 

 

Figure 3.10 Timeline Gantt Chart 

 

Gantt chart in Figure 3.10 illustrates the timeline for FYP1 and FYP2, divided into two 

major phases. Each phase is further subdivided into five smaller stages. 

For FYP1, the first stage involves purchasing the required components, followed by the 

second stage of connecting these components to the Arduino or ESP32. The third stage 

entails testing different cloud platforms such as AWS, Arduino IoT, and Blynk. The 

fourth stage focuses on visualizing sensor data on the selected cloud platform, while 

the fifth stage involves integrating a motor driver into the current system. 

In FYP2, the first stage involves purchasing a GSM module and incorporating it into 

the existing system. The second stage involves adding custom automation features. The 

third stage involves preparing sensor tier combination tables for balanced, aggressive, 

and conservative strategies. The fourth stage focuses on developing and optimizing the 

automation system based on these tables. Finally, the fifth stage tests the system's 

functional integrity and stability. 

The estimated timeline for FYP1 starts in mid-February, with each subsequent stage 

occurring every two weeks. For FYP2, the timeline begins in June, following a similar 

biweekly progression for each stage. 

However, during implementation, challenges arose with the GSM module's 

functionality. As a solution, the project opted to use Blynk's email notification feature 

instead. This adaptation led to further developments on the Blynk platform, including 

the addition of a joystick button for manual control of the clothes rack movement. The 
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project also implemented features to record movement trajectories, replay them, and 

derive reverse trajectories to return the rack to its initial position. 
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CHAPTER 4 

 

SYSTEM IMPLEMENTATION 

4.1    Arduino Connection 

 

 

Figure 4.1 Arduino Connection 

 

As shown in the Figure 4.1, this is the result of the project. In the upper left corner is 

the L298N motor driver, which is connected to the Arduino Uno R4 Wi-Fi, a 9V battery, 

and the motors and wheels below. The Arduino Uno R4 Wi-Fi is connected to all 

sensors, namely the DHT22 temperature and humidity sensor, the GYML8511 UV 

intensity sensor, the BH1750 light intensity sensor, and the HL-01 Rain Drop Sensor. 

It is also powered by a 9V battery, allowing for unrestricted movement without being 

constrained by data cables. This setup enables the system to operate autonomously and 

move freely while collecting environmental data. 
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4.2    Blynk Interface 

 

Figure 4.2 Blynk Interface 
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As shown in Figure 4.2, the Blynk interface displays the device name "Arduino UNO 

R4" at the top. Below it, the "Automation" button toggles the automatic functionality, 

useful when users wish to manually adjust the clothes rack position. 

To the right of the Automation button, the "Move The Cloth" button indicates the 

current position of the clothes rack (Inside or Outside). Clicking this button moves the 

rack in or out. When Automation is on and the algorithm deems the weather suitable 

for drying clothes, the rack automatically moves outside. If a user manually moves it 

inside during this time, it will return outside once the movement is complete. The 

Automation toggle allows users to override this behaviour for convenience. 

Below these controls are real-time gauges for various sensors: Humidity (0-100%, 

higher values less suitable for drying), Temperature (°C, higher values more suitable), 

Light Intensity (0-65535 lx, higher values more suitable), UV Intensity (0-10 mW/cm^2, 

higher values more suitable), and Rain Value (0-1000, higher values less suitable). 

Each sensor has an adjustable input below its gauge. Users can modify these thresholds 

using +/- buttons or by entering a number directly. The system uses these thresholds to 

determine suitable drying conditions. For example, if the humidity threshold is set to 

75% and the current humidity is 90%, the humidity condition is considered unsuitable 

for drying. 

The joystick button to the left of the Rain Value allows manual control of the clothes 

rack movement. The Recording button below it, when activated, records movement 

sequences initiated by the joystick. These sequences can be replayed forward or 

backward using the respective Replay buttons. The "Move the Cloth" function utilizes 

these recorded sequences based on the current inside/outside status. 

Finally, the Strategy Slider, with five positions corresponding to the number of 

parameters, determines how many conditions must be met for the system to move the 

rack. For instance, if set to 3, the rack will move outside (if inside) when three or more 

parameters indicate suitable drying conditions. Conversely, it will move inside (if 

outside) when fewer than three parameters are suitable. 
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4.3    Blynk Notification 

 

 

(a)                        (b)                  (c)  

Figure 4.3 Blynk Notification. (a) Move Out Phone Notification (b) Move Out Email 

Notification (c) Rain Phone and Email Notification 

 

As shown in the Figure 4.3, whenever the device performs a movement operation, or 

when real-time data falls below the set strategy values, users receive notifications on 

both their mobile devices and via email. 
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4.4    Blynk Sunrise and Sunset Automation 

 

Figure 4.4 Blynk Sunrise and Sunset Automation 

 

As illustrated in the Figure 4.4, users can set specific time periods for drying clothes 

throughout the day via the Blynk web interface. For example, a user might set the drying 

period from 9:30 AM to 5:30 PM. When the current time falls outside this designated 

range, the system automatically checks the position of the clothes rack. If the rack is 

detected to be outside, it will automatically retract to the inside position. 

 

4.5    Implementation Issues and Challenges 

Throughout the development process of this intelligent clothes drying system, 

numerous challenges were encountered, each systematically addressed and resolved. 

The initial hurdles involved determining the correct physical connections between 

various components and the Arduino, as well as configuring appropriate code for each 

sensor and actuator. Integrating individual component codes into a cohesive whole 

proved to be a significant challenge. 

Establishing a stable connection between the Arduino and the Blynk IoT platform for 

data communication presented its own set of difficulties. Frequent errors during code 

uploading to the Arduino necessitated retries, reboots, or driver reinstallations. Testing 

cloud platforms revealed issues such as incomplete reference materials and libraries, 

particularly for newer devices. 

The original plan included using a GSM Module for SMS notifications during adverse 

weather conditions. However, despite extensive efforts including trying different SIM 

cards, modifying code, and replacing the module, stable operation could not be 

achieved. This setback led to the discovery and implementation of Blynk platform's 

notification and email alert features as an effective alternative. 
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Sensor instability posed a significant challenge. The UV sensor, for instance, typically 

expected to produce readings between 0-15mW/cm², generated anomalous data on the 

Arduino Uno R4 Wi-Fi. After ruling out issues with code, wiring, and the sensors 

themselves, the conclusion pointed to incomplete library support for this sensor in the 

newer model. Similarly, the BH1750 sensor frequently displayed a "Device is not 

configured" error, with intermittent functionality. These issues highlighted the 

importance of sensor stability and the potential problems to consider when selecting 

and using sensors. 

Another challenge emerged when the Arduino lost power. Upon restarting, all settings 

for sensor values used in algorithms, movement paths, and other critical data were lost, 

preventing normal operation. To address this issue, the relevant data was stored in 

EEPROM. This solution ensured that even if the Arduino lost power, it could still 

retrieve the saved data upon restart, allowing for normal operation to resume. 
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CHAPTER 5 

 

SYSTEM EVALUATION AND DISCUSSION 

5.1    Testing Setup and Result 

 

Figure 5.1 Serial Monitor Output 

 

As illustrated in the Figure 5.1, when the Arduino Uno R4 Wi-Fi is connected to a 

computer, the output can be successfully observed in the Arduino IDE's Serial Monitor. 

The first five lines display the threshold values for each sensor, which can be configured 

in the Blynk App. These values are used to compare against real-time sensor data to 

determine whether the parameters are suitable for drying clothes. 

The "Strategy Value" ranges from 1 to 5, indicating the number of conditions that need 

to be met for the algorithm to deem the environment suitable for drying clothes. 

The subsequent two lines, "Joystick X" and "Y", represent data that determines the 

direction of each wheel controlled by the motor driver. 

"Is Recording" is a Boolean value used to track the movement trajectory of the clothes 

rack. 

"Automation Status" is another Boolean that enables or disables the automation feature. 

"Time Setting" is also a Boolean; when true, it indicates that the current time falls within 

the predetermined clothes-drying time interval. 
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Finally, the last six lines of data represent the real-time readings from the five sensor 

parameters. 

This comprehensive display provides a clear overview of the system's status, including 

user-defined thresholds, operational modes, and real-time environmental data, 

facilitating efficient monitoring and control of the automated clothes-drying system. 

 

5.2    Objectives Evaluation 

This project has successfully developed an intelligent, autonomous clothes drying 

system based on Arduino technology, seamlessly integrating hardware components 

such as sensors and actuators with a user-friendly mobile application. By evaluating 

various environmental data including temperature, humidity, light intensity, UV 

radiation, and rainfall, the system automatically determines optimal drying conditions 

and controls the movement of the clothes rack accordingly. Beyond these core 

functionalities, the project has achieved several additional features that enhance user 

experience and system versatility. These include sending alerts to users' mobile devices 

and emails, allowing manual control of the clothes rack via a joystick interface, 

recording and replaying movement trajectories, calculating reverse paths to return the 

rack to its original position, and enabling users to define specific time periods for drying 

operations. The latter feature activates the automatic drying function only during the 

most suitable times, significantly reducing the risk of unexpected exposure to rain or 

adverse conditions. These achievements demonstrate the project's success in creating a 

comprehensive, intelligent clothes drying solution that not only automates the process 

based on environmental factors but also provides users with enhanced control, 

customization, and peace of mind. The system's ability to adapt to user preferences and 

environmental conditions while offering both automated and manual control options 

represents a significant advancement in home automation technology. 
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CHAPTER 6      

 

CONCLUSION AND RECOMMENDATION 

 

6.1    Conclusion 

The development of an Arduino-based Smart Cloth Drying System has successfully 

addressed the challenges of automated clothes drying in fluctuating weather conditions. 

This project has effectively integrated various environmental sensors, including those 

for humidity, temperature, light intensity, UV intensity, and rainfall, with an Arduino-

controlled system. The implementation of a user-friendly mobile application through 

the Blynk IoT platform has enhanced the system's accessibility and control. 

The system demonstrates significant advancements in home automation technology, 

offering both automated and manual control options. It successfully adapts to changing 

weather conditions, making intelligent decisions about clothes drying based on real-

time environmental data. The inclusion of features such as path recording, playback, 

and reverse execution adds a layer of sophistication to the system's functionality. 

Moreover, the integration of sunrise and sunset timings for operational hours showcases 

the system's adaptability to natural light cycles. 

This project has not only achieved its primary objective of creating intelligent clothes 

drying solution but has also contributed to energy efficiency and user convenience. The 

system's ability to prevent unnecessary rewashing due to unexpected rain exposure 

addresses a common household problem, thereby saving time, water, and energy. The 

combination of automated decision-making and remote manual control offers users 

flexibility in managing their laundry, regardless of their location or schedule. 
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6.2    Recommendation 

For the future development and enhancement of the Arduino-based Smart Cloth Drying 

System, several recommendations can be considered to improve its functionality and 

user experience. Firstly, incorporating additional sensors, such as wind speed and 

direction sensors, can further refine the drying process and increase the overall 

efficiency of the system. By adjusting the drying parameters according to real-time 

weather conditions, the system can optimize its performance and reduce drying time. 

Secondly, implementing energy harvesting technologies, such as small-scale solar 

panels, would make the system more self-sustainable and decrease its reliance on 

external power sources. This approach not only promotes eco-friendliness but also 

provides a cost-effective solution in the long run, making the system more appealing to 

environmentally conscious users. 

Another enhancement involves exploring IoT integration with other smart home 

devices to offer a more comprehensive home automation experience. By connecting 

with existing smart home ecosystems, users can enjoy seamless control and monitoring 

of their cloth drying process from anywhere, adding convenience and efficiency to their 

daily routines. 

Lastly, investigating waterproof designs for outdoor components would enhance the 

durability and longevity of the system in various weather conditions. Protecting the 

components from water damage ensures that the system remains reliable and effective, 

even when exposed to rain or humidity. 

These recommendations aim to build upon the current system's strengths by addressing 

potential areas for improvement and expansion. By implementing these enhancements, 

the smart cloth drying system can become even more efficient, user-friendly, and 

versatile, offering a superior solution for modern households. 
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(Project II) 

 
Trimester, Year: T2Y3 Study week no.: 2 
Student Name & ID: Chia Shen Yang & 22ACB00552 
Supervisor: Ms. Oh Zi Xin 
Project Title: Development of Arduino-based Smart Cloth Drying System 

 
 
1. WORK DONE 
In FYP1, completed the connection of Sensors, Motor Driver and Arduino, as well 
as the connection and communication between Arduino and Blynk platform. 
 
 
 
 
2. WORK TO BE DONE 
Connect GSM Module. 
 
 
 
 
3. PROBLEMS ENCOUNTERED 
After changing different SIM cards, GSM Modules and coding, it still couldn't 
function properly. 
 
 
 
 
4. SELF EVALUATION OF THE PROGRESS 
Not running as smoothly as expected, may need alternative solutions. 
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       Supervisor’s signature              Student’s signature 
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(Project II) 

 
Trimester, Year: T2Y3 Study week no.: 4 
Student Name & ID: Chia Shen Yang & 22ACB00552 
Supervisor: Ms. Oh Zi Xin 
Project Title: Development of Arduino-based Smart Cloth Drying System 

 
 
1. WORK DONE 
Failed attempts to connect GSM Module. 
 
 
 
 
2. WORK TO BE DONE 
Attempted to use Blynk platform's Email and Notification features to replace GSM 
Module. 
 
 
 
 
3. PROBLEMS ENCOUNTERED 
GSM still not working properly, using Blynk's Email and Notification features as a 
replacement. 
 
 
 
 
4. SELF EVALUATION OF THE PROGRESS 
Successfully used Blynk's Email and Notification features to replace GSM Module, 
solving one problem. 
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       Supervisor’s signature              Student’s signature 
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Trimester, Year: T2Y3 Study week no.: 6 
Student Name & ID: Chia Shen Yang & 22ACB00552 
Supervisor: Ms. Oh Zi Xin 
Project Title: Development of Arduino-based Smart Cloth Drying System 

 
 
1. WORK DONE 
Using Blynk platform's Email and Notification features to replace GSM Module. 
 
 
 
 
2. WORK TO BE DONE 
Designed various clothes rack movement functions. 
 
 
 
 
3. PROBLEMS ENCOUNTERED 
By replacing the Motor Drive battery with a 9v battery, solved the problem of two 
motors running at asynchronous speeds when the Motor Driver was running 
simultaneously. 
 
 
 
 
4. SELF EVALUATION OF THE PROGRESS 
Progressing smoothly as expected. 
 
 
 
 

 
 
 

_______ _________________       
       Supervisor’s signature              Student’s signature 
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Trimester, Year: T2Y3 Study week no.: 8 
Student Name & ID: Chia Shen Yang & 22ACB00552 
Supervisor: Ms. Oh Zi Xin 
Project Title: Development of Arduino-based Smart Cloth Drying System 

 
 
1. WORK DONE 
Implemented functions to control clothes rack movement using Joystick, record 
movement path, replay movement path, and replay reverse movement path to return 
to the original point. 
 
 
 
 
2. WORK TO BE DONE 
Develop customizable drying time function. 
 
 
 
 
3. PROBLEMS ENCOUNTERED 
Blynk platform only sends data to change Arduino's time set status at specific set 
times. If Arduino is not powered on at that time, related variables won't be updated. 
However, in real usage scenarios, Arduino will always be plugged in, so it's not a 
major issue. 
 
 
 
 
4. SELF EVALUATION OF THE PROGRESS 
Smooth progress without unexpected issues. 
 
 
 
 

 
 
 

_________ ______________         
       Supervisor’s signature              Student’s signature 
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Trimester, Year: T2Y3 Study week no.: 10 
Student Name & ID: Chia Shen Yang & 22ACB00552 
Supervisor: Ms. Oh Zi Xin 
Project Title: Development of Arduino-based Smart Cloth Drying System 

 
 
1. WORK DONE 
Developed customizable drying time function. 
 
 
 
 
2. WORK TO BE DONE 
Refactor and comment the code, test the functions. 
 
 
 
 
3. PROBLEMS ENCOUNTERED 
If power is cut off, Arduino won't save data such as movement paths, set values for 
various sensors, etc. 
 
 
 
 
4. SELF EVALUATION OF THE PROGRESS 
The problem is quite difficult, progress is slightly slow. 
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       Supervisor’s signature              Student’s signature 
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(Project II) 

 
Trimester, Year: T2Y3 Study week no.: 12 
Student Name & ID: Chia Shen Yang & 22ACB00552 
Supervisor: Ms. Oh Zi Xin 
Project Title: Development of Arduino-based Smart Cloth Drying System 

 
 
1. WORK DONE 
Used EEPROM to save data such as movement paths, Sensor settings, etc. 
Refactored and commented the code, tested the functions. 
 
 
 
 
2. WORK TO BE DONE 
Start writing FYP2 report. 
 
 
 
 
3. PROBLEMS ENCOUNTERED 
Sometimes the status of Light Intensity and UV Intensity Sensors is unstable, with 
instances of not sending data. 
 
 
 
 
4. SELF EVALUATION OF THE PROGRESS 
Overall, everything is good. 
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ARDUINO CODING 
// Define Blynk settings 

#define BLYNK_PRINT Serial 

#define BLYNK_TEMPLATE_ID "TMPL6GXznUpS7" 

#define BLYNK_TEMPLATE_NAME "Arduino UNO R4" 

#define BLYNK_AUTH_TOKEN "iEnW934atwMSBCQ0pV7RpwonfKfPur02" 

 

// Include necessary libraries 

#include <SPI.h> 

#include <WiFiS3.h> 

#include <BlynkSimpleWifi.h> 

#include <Wire.h> 

#include <BH1750.h> 

#include <Arduino.h> 

#include <ML8511.h> 

#include <DHT22.h> 

#include <EEPROM.h> 

#include <queue> 

#include <stack> 

 

// Define pin assignments for various sensors and motors 

#define RAIN_POWER_PIN 3 

#define RAIN_DO_PIN 8 

#define RAIN_AO_PIN A2 

 

#define MOTOR_ENA 0 

#define MOTOR_IN1 1    

#define MOTOR_IN2 2 

#define MOTOR_IN3 9 

#define MOTOR_IN4 10 

#define MOTOR_ENB 11  

#define MAX_ACTIONS 50 

 

#define DHT_DATA_PIN 7  

#define UV_ANALOG_PIN A0 

#define UV_ENABLE_PIN A1 

 

// Initialize sensor objects 

ML8511 uvSensor(UV_ANALOG_PIN, UV_ENABLE_PIN); 

DHT22 dht22(DHT_DATA_PIN);  
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// Define an enum for car movement actions 

enum Action { 

  STOP = 0, 

  FORWARD = 1, 

  BACKWARD = 2, 

  LEFT = 3, 

  RIGHT = 4 

}; 

 

// WiFi credentials 

char wifiSsid[] = "vivoY35"; 

char wifiPass[] = "12345678"; 

  

// Global variables for various functionalities 

unsigned long startTime = 0; 

const unsigned long runDuration = 50; 

bool isOutside = false; 

int ledPin = 13;  

int conditionCount; 

double humidityThreshold; 

double temperatureThreshold; 

int lightThreshold; 

double uvThreshold; 

int rainThreshold; 

int strategyValue; 

int joystickX = 50; 

int joystickY = 50; 

int motorSpeed = 255; 

bool isRecording = false; 

unsigned long lastActionTime = 0; 

bool isFirstAction = true; 

int replayForwardFlag; 

int replayBackwardFlag; 

bool autoStatus; 

bool timeSet; 

 

// Initialize Blynk timer and light sensor 

BlynkTimer timer; 

BH1750 lightMeter; 
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// Define a struct to represent motor actions 

struct MotorAction { 

  Action action; 

  unsigned int duration; 

  MotorAction() : action(STOP), duration(0) {} 

  MotorAction(Action a, unsigned int d) : action(a), duration(d) {} 

}; 

 

// Define a struct for EEPROM data layout 

struct EEPROMLayout { 

  double humidityThreshold; 

  double temperatureThreshold; 

  int lightThreshold; 

  double uvThreshold; 

  int rainThreshold; 

  int strategyValue; 

  bool isOutside; 

  bool autoStatus; 

  size_t actionSequenceSize; 

  MotorAction actions[MAX_ACTIONS]; 

}; 

 

EEPROMLayout eepromData; 

 

// Data structures to store recorded actions 

std::queue<MotorAction> forwardQueue; 

std::stack<MotorAction> backwardStack; 

std::queue<MotorAction> tempForwardQueue; 

std::stack<MotorAction> tempBackwardStack; 
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// Blynk virtual pin handlers 

BLYNK_WRITE(V0) { 

  // Handle indoor/outdoor status changes 

  int newValue = param.asInt(); 

  if (newValue != isOutside) { 

    if (newValue == 1 && !isOutside) { 

      replayForward(); 

      isOutside = true; 

      Blynk.logEvent("move_out"); 

    } else if (newValue == 0 && isOutside) { 

      replayBackward(); 

      isOutside = false; 

      Blynk.logEvent("move_in"); 

    } 

    updateLEDStatus(); 

    saveToEEPROM();   

  } 

} 

 

BLYNK_WRITE(V6) { 

  // Update humidity threshold 

  humidityThreshold = param.asDouble(); 

  saveToEEPROM(); 

} 

 

BLYNK_WRITE(V7) { 

  // Update temperature threshold 

  temperatureThreshold = param.asDouble(); 

  saveToEEPROM(); 

} 

 

BLYNK_WRITE(V8) { 

  // Update light threshold 

  lightThreshold = param.asInt(); 

  saveToEEPROM(); 

} 

 

BLYNK_WRITE(V9) { 

  // Update UV threshold 

  uvThreshold = param.asDouble(); 

  saveToEEPROM(); 

} 
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BLYNK_WRITE(V10) { 

  // Update rain threshold 

  rainThreshold = param.asInt(); 

  saveToEEPROM(); 

} 

 

BLYNK_WRITE(V11) { 

  // Update strategy value 

  strategyValue = param.asInt(); 

  saveToEEPROM(); 

} 

 

BLYNK_WRITE(V12){ 

  // Update joystick X value 

  joystickX = param[0].asInt(); 

} 

BLYNK_WRITE(V13){ 

  // Update joystick Y value 

  joystickY = param[0].asInt(); 

} 

 

BLYNK_WRITE(V14) { 

  // Handle recording state 

  isRecording = param.asInt(); 

  if (isRecording) { 

    while (!forwardQueue.empty()) forwardQueue.pop(); 

    while (!backwardStack.empty()) backwardStack.pop(); 

    lastActionTime = millis(); 

    isFirstAction = true; 

  } else { 

    saveToEEPROM(); 

  } 

} 

 

BLYNK_WRITE(V15){ 

  // Trigger forward replay 

  replayForwardFlag = param.asInt(); 

} 

 

BLYNK_WRITE(V16){ 

  // Trigger backward replay 

  replayBackwardFlag = param.asInt(); 

} 
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BLYNK_WRITE(V17){ 

  // Update time set status 

  timeSet = param.asInt(); 

} 

 

BLYNK_WRITE(V19){ 

  // Update auto status 

  autoStatus = param.asInt(); 

  saveToEEPROM(); 

} 

 

void setup() 

{ 

  // Initialize serial communication and sensors 

  Wire.begin(); 

  Serial.begin(115200); 

  Blynk.begin(BLYNK_AUTH_TOKEN, wifiSsid, wifiPass); 

  lastActionTime = millis(); 

 

  // Set up motor control pins 

  pinMode(MOTOR_ENA, OUTPUT); 

  pinMode(MOTOR_IN1, OUTPUT); 

  pinMode(MOTOR_IN2, OUTPUT); 

  pinMode(MOTOR_IN3, OUTPUT); 

  pinMode(MOTOR_IN4, OUTPUT); 

  pinMode(MOTOR_ENB, OUTPUT); 

 

  lightMeter.begin(); 

 

  // Set up rain sensor pins 

  pinMode(RAIN_POWER_PIN, OUTPUT); 

  pinMode(RAIN_DO_PIN, INPUT); 

  pinMode(ledPin, OUTPUT); 

 

  // Load saved data from EEPROM and update LED status 

  loadFromEEPROM(); 

  updateLEDStatus(); 

} 
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void loop() 

{ 

  conditionCount = 5; 

  Blynk.run(); 

  timer.run(); 

   

  // Print current sensor thresholds and control values 

  Serial.print("Humidity Threshold = "); 

  Serial.println(humidityThreshold); 

  Serial.print("Temperature Threshold = "); 

  Serial.println(temperatureThreshold); 

  Serial.print("Light Threshold = "); 

  Serial.println(lightThreshold); 

  Serial.print("UV Threshold = "); 

  Serial.println(uvThreshold); 

  Serial.print("Rain Threshold = "); 

  Serial.println(rainThreshold); 

  Serial.print("Strategy Value = "); 

  Serial.println(strategyValue); 

  Serial.print("Joystick X = "); 

  Serial.println(joystickX); 

  Serial.print("Joystick Y = "); 

  Serial.println(joystickY); 

  Serial.print("Is Recording = "); 

  Serial.println(isRecording); 

  Serial.print("Automation Status = "); 

  Serial.println(autoStatus); 

  Serial.print("Time Setting = "); 

  Serial.println(timeSet); 

  Serial.println(""); 

   

  // Read rain sensor 

  digitalWrite(RAIN_POWER_PIN, HIGH); 

  int rainState = digitalRead(RAIN_DO_PIN); 

  int rainValue = analogRead(RAIN_AO_PIN); 

  digitalWrite(RAIN_POWER_PIN, LOW); 

 

  // Read light sensor 

  uint16_t lightIntensity = lightMeter.readLightLevel(); 
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  // Read UV sensor 

  uvSensor.enable(); 

  float uvIntensity = uvSensor.getUV(); 

  uvSensor.disable(); 

 

  // Read temperature and humidity 

  float temperature = dht22.getTemperature(); 

  float humidity = dht22.getHumidity(); 

   

  // Print sensor readings 

  Serial.print("Humidity (%): ");Serial.println(humidity, 1); 

  Serial.print("Temperature (C): ");Serial.println(temperature, 1); 

  Serial.print("Light intensity (lx): ");Serial.println(lightIntensity); 

  Serial.print("UV intensity (mW/cm^2): ");Serial.println(uvIntensity, 

4); 

  Serial.print("Rain analog value: ");Serial.println(rainValue); 

   

  if (rainState == HIGH) 

    Serial.println("Rain is NOT detected"); 

  else 

    Serial.println("Rain is detected"); 

  Serial.println(""); 

   

  // Send sensor data to Blynk app 

  Blynk.virtualWrite(V1, humidity); 

  Blynk.virtualWrite(V2, temperature); 

  Blynk.virtualWrite(V3, lightIntensity); 

  Blynk.virtualWrite(V4, uvIntensity); 

  Blynk.virtualWrite(V5, rainValue); 

 

  // Control smart car movement 

  smartCar(); 

 

  // Check environmental conditions and update conditionCount 

  if(humidityThreshold < humidity) conditionCount--; 

  if(temperatureThreshold > temperature) conditionCount--; 

  if(lightThreshold > lightIntensity) conditionCount--; 

  if(uvThreshold > uvIntensity) conditionCount--; 

  if(rainThreshold < rainValue) conditionCount--; 
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  // Automated control based on environmental conditions 

  if(autoStatus == true){ 

    if (conditionCount >= strategyValue && !isOutside && timeSet == 

true) { 

      replayForward(); 

      isOutside = true; 

      Blynk.logEvent("move_out"); 

      updateLEDStatus(); 

      saveToEEPROM();  

    } else if ((conditionCount < strategyValue && isOutside) || 

(isOutside && timeSet == false)) { 

      replayBackward(); 

      isOutside = false; 

      Blynk.logEvent("move_in"); 

      updateLEDStatus(); 

      saveToEEPROM();  

    } 

    if (conditionCount < strategyValue) { 

      Blynk.logEvent("rain"); 

    } 

  } 

 

  // Handle manual replay requests 

  if(replayForwardFlag == 1){ 

    replayForward(); 

    replayForwardFlag = 0; 

  } else if(replayBackwardFlag == 1){ 

    replayBackward(); 

    replayBackwardFlag = 0; 

  } 

 

  delay(10); 

} 

 

void updateLEDStatus() { 

  // Update LED status based on indoor/outdoor position 

  digitalWrite(ledPin, isOutside ? HIGH : LOW); 

} 
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void smartCar() { 

  // Control car movement based on joystick input 

  unsigned long currentTime = millis(); 

  static Action lastAction = STOP; 

 

  if (currentTime - lastActionTime >= 100) { 

    Action currentAction; 

    if (joystickY > 70) { 

      currentAction = FORWARD; 

    } else if (joystickY < 30) { 

      currentAction = BACKWARD; 

    } else if (joystickX < 30) { 

      currentAction = LEFT; 

    } else if (joystickX > 70) { 

      currentAction = RIGHT; 

    } else { 

      currentAction = STOP; 

    } 

 

    if (currentAction != lastAction) { 

      if (isRecording) { 

        if (!isFirstAction) { 

          forwardQueue.push(MotorAction(lastAction, currentTime - 

lastActionTime - 100)); 

          backwardStack.push(MotorAction(getOppositeAction(lastAction), 

currentTime - lastActionTime - 100)); 

        } else { 

          isFirstAction = false; 

        } 

      } 

      performAction(currentAction); 

      Serial.println(actionToString(currentAction)); 

      lastAction = currentAction; 

      lastActionTime = currentTime; 

    } 

  } 

} 
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Action getOppositeAction(Action action) { 

  // Get the opposite action for reverse playback 

  switch(action) { 

    case FORWARD: return BACKWARD; 

    case BACKWARD: return FORWARD; 

    case LEFT: return RIGHT; 

    case RIGHT: return LEFT; 

    default: return STOP; 

  } 

} 

 

void replayForward() { 

  // Replay recorded forward actions 

  tempForwardQueue = forwardQueue; 

  while (!tempForwardQueue.empty()) { 

    MotorAction action = tempForwardQueue.front(); 

    tempForwardQueue.pop(); 

    performAction(action.action); 

    delay(action.duration); 

    performAction(STOP); 

  } 

  isOutside = true; 

  Blynk.virtualWrite(V0, isOutside); 

  Blynk.logEvent("move_out"); 

  updateLEDStatus(); 

  saveToEEPROM();  

} 

 

void replayBackward() { 

  // Replay recorded actions in reverse 

  tempBackwardStack = backwardStack; 

  while (!tempBackwardStack.empty()) { 

    MotorAction action = tempBackwardStack.top(); 

    tempBackwardStack.pop(); 

    performAction(action.action); 

    delay(action.duration); 

    performAction(STOP); 

  } 

  isOutside = false; 

  Blynk.virtualWrite(V0, isOutside); 

  Blynk.logEvent("move_in"); 

  updateLEDStatus(); 

  saveToEEPROM(); } 
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void performAction(Action action) { 

  // Perform the specified car movement action 

  switch(action) { 

    case FORWARD: carForward(); break; 

    case BACKWARD: carBackward(); break; 

    case LEFT: carLeft(); break; 

    case RIGHT: carRight(); break; 

    default: carStop(); break; 

  } 

} 

 

String actionToString(Action action) { 

  // Convert action enum to string for logging 

  switch(action) { 

    case FORWARD: return "forward"; 

    case BACKWARD: return "backward"; 

    case LEFT: return "left"; 

    case RIGHT: return "right"; 

    default: return "stop"; 

  } 

} 

 

void carForward() { 

  // Move car forward 

  analogWrite(MOTOR_ENA, motorSpeed); 

  analogWrite(MOTOR_ENB, motorSpeed); 

  digitalWrite(MOTOR_IN1, LOW); 

  digitalWrite(MOTOR_IN2, HIGH); 

  digitalWrite(MOTOR_IN3, HIGH); 

  digitalWrite(MOTOR_IN4, LOW); 

} 

 

void carBackward() { 

  // Move car backward 

  analogWrite(MOTOR_ENA, motorSpeed); 

  analogWrite(MOTOR_ENB, motorSpeed); 

  digitalWrite(MOTOR_IN1, HIGH); 

  digitalWrite(MOTOR_IN2, LOW); 

  digitalWrite(MOTOR_IN3, LOW); 

  digitalWrite(MOTOR_IN4, HIGH); 

} 
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void carLeft() { 

  // Turn car left 

  analogWrite(MOTOR_ENA, motorSpeed); 

  analogWrite(MOTOR_ENB, motorSpeed); 

  digitalWrite(MOTOR_IN1, HIGH); 

  digitalWrite(MOTOR_IN2, LOW); 

  digitalWrite(MOTOR_IN3, HIGH); 

  digitalWrite(MOTOR_IN4, LOW); 

} 

 

void carRight() { 

  // Turn car right 

  analogWrite(MOTOR_ENA, motorSpeed); 

  analogWrite(MOTOR_ENB, motorSpeed); 

  digitalWrite(MOTOR_IN1, LOW); 

  digitalWrite(MOTOR_IN2, HIGH); 

  digitalWrite(MOTOR_IN3, LOW); 

  digitalWrite(MOTOR_IN4, HIGH); 

} 

 

void carStop() { 

  // Stop the car 

  digitalWrite(MOTOR_IN1, LOW); 

  digitalWrite(MOTOR_IN2, LOW); 

  digitalWrite(MOTOR_IN3, LOW); 

  digitalWrite(MOTOR_IN4, LOW); 

} 

 

void saveToEEPROM() { 

  // Save current settings and recorded actions to EEPROM 

  eepromData.humidityThreshold = humidityThreshold; 

  eepromData.temperatureThreshold = temperatureThreshold; 

  eepromData.lightThreshold = lightThreshold; 

  eepromData.uvThreshold = uvThreshold; 

  eepromData.rainThreshold = rainThreshold; 

  eepromData.strategyValue = strategyValue; 

  eepromData.isOutside = isOutside; 

  eepromData.autoStatus = autoStatus; 

   

  // Save recorded actions 

  eepromData.actionSequenceSize = forwardQueue.size(); 

  std::queue<MotorAction> tempQueue = forwardQueue; 
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  for (size_t i = 0; i < eepromData.actionSequenceSize && i < 

MAX_ACTIONS; i++) { 

    eepromData.actions[i] = tempQueue.front(); 

    tempQueue.pop(); 

  } 

   

  // Write the entire struct to EEPROM 

  EEPROM.put(0, eepromData); 

} 

 

void loadFromEEPROM() { 

  // Load settings and recorded actions from EEPROM 

  EEPROM.get(0, eepromData); 

  humidityThreshold = eepromData.humidityThreshold; 

  temperatureThreshold = eepromData.temperatureThreshold; 

  lightThreshold = eepromData.lightThreshold; 

  uvThreshold = eepromData.uvThreshold; 

  rainThreshold = eepromData.rainThreshold; 

  strategyValue = eepromData.strategyValue; 

  isOutside = eepromData.isOutside; 

  autoStatus = eepromData.autoStatus; 

 

  // Clear existing queues and reconstruct them from saved data 

  while (!forwardQueue.empty()) forwardQueue.pop(); 

  while (!backwardStack.empty()) backwardStack.pop(); 

   

  for (size_t i = 0; i < eepromData.actionSequenceSize && i < 

MAX_ACTIONS; i++) { 

    forwardQueue.push(eepromData.actions[i]); 

    backwardStack.push(MotorAction(getOppositeAction(eepromData.actions[

i].action), eepromData.actions[i].duration)); 

  } 

} 
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