C JOU rnal Of Volumellszs,ljs:siisj,_j)gzz
Mechatronics and Automation Septemer-Deneiber

B DOI (Journal): 10.37591/JoMA
STM JOURNALS

https://journals.stmjournals.com/joma

|OT Based Smart System for Parameter Control
Interfaced with Android and Cloud

Avanti Kore', Shweta Jadhav?, Gauri More’, B. B. Godbole **

Abstract

The smart embedded system enables real-time monitoring and control of multiple parameters motor
speed, LCD brightness, temperature, and humidity through both manual input and remote Android
application. The system consists Raspberry Pi 4 Model B as the central processor, integrated with a
DHT11 sensor, L298N motor driver, LCD display, and potentiometers. Cloud connectivity is achieved
using Firebase to synchronize data between the hardware and a custom-built mobile application. Real-
time feedback ensures precise control and monitoring, offering a scalable solution for home automation
and industrial control systems. Experimental results confirm the accuracy of parameter readings and
responsiveness of both manual and remote inputs. This paper introduces an loT-based smart system for
real-time parameter control with seamless integration of Android and cloud computing technologies.
The proposed architecture consists of sensor nodes for data acquisition, a microcontroller for signal
processing, and wireless communication modules for data transmission. The Android application acts
as the primary control interface, providing users with real-time insights, alerts, and the ability to
remotely regulate system parameters. Cloud integration facilitates secure data storage, advanced
analytics, and ubiquitous access, enabling predictive decision-making and long-term performance
evaluation. The experimental setup validates the system’s efficiency, responsiveness, and scalability,
demonstrating its potential in diverse domains including smart cities, healthcare, and industrial
automation.

Keywords: 10T, embedded system, raspberry Pi, DHT11, android app, cloud control, motor speed,
LCD brightness, temperature, humidity
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The motor speed and brightness control are implemented using PWM techniques via an L298N motor
driver, while the DHT11 sensor continuously provides environmental readings that are reflected on both
the mobile app and the LCD. The Android application allows users to adjust the parameters remotely
using a user-friendly interface, while also viewing the live sensor data. This ensures flexibility,
redundancy, and scalability, making the system suitable for applications ranging from home automation
to industrial monitoring. By integrating real-time feedback, cloud synchronization, and dual-control
modes, the system offers a robust and interactive platform for modern IOT-based automation.

Literature Review

[1] Research by Bhattacharya (2024) provides an overview of cloud-based loT platforms for real-
time monitoring and control. The study highlights the role of cloud computing in enabling remote
management of embedded systems, ensuring seamless data processing and automation. [2] Studies by
Choi (2024) explore the design and implementation of loT-based smart home systems with mobile and
cloud integration. The research focuses on enhancing connectivity between embedded devices and
cloud platforms to improve automation and user experience. [3] Research by Kumar (2024) delves into
smart parameter monitoring and control using [oT and cloud computing. The study emphasizes the
importance of real-time data acquisition, processing, and system responsiveness for efficient parameter
management. [4] Research by Lee (2023) explores loT-enabled smart systems for environmental
monitoring and control. The study highlights the integration of Android applications and cloud
computing to improve system intelligence and automation. [5] Studies by Akter (2023) investigate [oT-
based smart agriculture monitoring systems using Android and cloud platforms. The research
showcases how real-time data collection from agricultural sensors enhances productivity and resource
efficiency.

Problem Statement

Conventionally embedded systems have limited capabilities because of the lack of remote access,
sensing of environmental conditions, and real-time feedback. Key parameters such as motor speed or
temperature cannot be adjusted or monitored by users unless they are on-site. The current project
remedies these limitations by combining cloud connectivity, mobile app control, and environmental
monitoring within a single system, allowing dynamic and flexible real-time control [6-10].

Objectives
i. To design a cloud-connected embedded system capable of controlling and monitoring multiple
physical and environmental parameters.
ii. To implement real time data collection for Temperature and Humidity using DHT11 sensor.
iii. To enable manual control through potentiometers and remote control via a mobile application.
iv. To synchronize all parameter states in real time using cloud services.
v. To display system status on both the Android app and 16x2 LCD display.

HARDWARE AND SOFTWARE REQUIREMENTS

a. Hardware Used

i.  Raspberry Pi 4 Model B:-

Processor: Quad-core Cortex-A72 (ARM v8) 64-bit SoC 1.5 GHz
RAM: 4 GB
Connectivity: Dual-band Wi-Fi, Bluetooth 5.0, Gigabit Ethernet
Ports: 40 GPIO pins, 2 micro-HDMI, 4 USB ports (2xUSB 3.0)
Operating system: Raspberry Pi OS
Role: Acts as the central processing and communication hub. It executes control logic, reads

sensors and ADC values, communicates with the cloud, and drives output components
(Figure 1).
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Figure 2. L298N motor driver module.

ii.

L298N Motor Driver Module:-

o [nput voltage: 5V to 35V

Output current: 2A per channel (dual channel)

Control logic: TTL compatible with Raspberry Pi GPIO

Features: Built in heat sink, on board voltage regulator, bidirectional motor control

Role: Receives control signals from the Raspberry Pi and drives the DC motor using PWM
for speed regulation (Figure 2).
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Figure 3. DC motor.

LCD Module

12C Interface

Figure 4. LCD 16X2 12C.

iii. DC Motor:-
e Type: Brushed DC motor
o JVoltage rating: 6V to 12V
o Speed range: Up to 5000 RPM depending on voltage and load
® Role: Real time speed control functionality. Speed is dynamically adjusted based on inputs
from potentiometer or Android app (Figure 3).
iv. 16x2 LCD Display:-
o Display type: Alphanumeric, 2 lines, 16 characters
e JVoltage: 5V operation
o [nterface: 12C for reduced
e Role: Displays real time motor speed, LCD brightness, temperature, and humidity values for
user feedback (Figure 4).
v. MCP3008 Analog to Digital Converter:-
Channels: 8 single ended inputs
Resolution: 10-bit
Communication: SPI (Serial Peripheral Interface)
Operating voltage: 2.7V to 5.5V
Role: Converts analog signals from the potentiometers into digital data readable by the
Raspberry Pi (Figure 5).
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Figure 6. DHT11 sensor.

Vi.

viii.

IX.

DHT11 Sensor:-

o Sensor type: Digital Temperature and Humidity Sensor

Temperature range: 0°C to 50°C

Humidity range: 20% to 90%

Accuracy: £1°C and 1%

Role: Captures environmental temperature and humidity data in real time for display and
remote monitoring via app (Figure 6).

Software Used

vii. Python (For Raspberry Pi):-

e Role: Primary programming language for controlling GPIO, reading sensor data, handling
ADC input, and communicating with the cloud.

e Libraries used: gpiozero, Adafruit DHT, spidev, Firebase_admin

Android Application:-

e [/DE: Android Studio

e Language: Kotlin

o Ul elements: Sliders for motor speed and brightness control

e Role: Allows remote control and monitoring of parameters with a user-friendly interface.

Firebase Real time Database (Cloud Platform)

e Role: Used for real-time synchronization between hardware and software. Stores user input
commands.

e Features: Real-time data sync, secure database rules, integration with Android and Python.

GoDaddy Cloud Server

e Usage: In this project, the GoDaddy cloud server is used to host APIs for ease of data access,
remote control, or visualization. It is an optional middleman between the embedded system
and the user that offers an added level of connectivity above the Firebase cloud (Figure 7).

e Features: Enables deployment of RESTful services that are capable of interacting with the
Raspberry Pi and Android application [11-20].
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Figure 7. Block diagram.
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Working

1.
ii.
ii.

iv.

Vi.

System initialization: The Raspberry Pi boots and connects to the cloud and sensors.

Read inputs: Analog data from potentiometers and sensor values from DHT11 are read.

Remote access: The system determines whether the control input is from the mobile app or
manual potentiometers.

Parameter control: Potentiometer values are used for controlling motor speed and LCD
brightness. Cloud values from the mobile app are fetched and used.

Sensor monitoring: Temperature and humidity are continuously recorded using the DHT11
sensor (Figure 8).

Display: Values are shown on the LCD and updated on the cloud/app in real time [21-25].

Applications

1.
ii.

iii.
1v.

Textile and printing units for controlling motor- driven rollers and monitoring air quality.

Food processing plants where precise motor operation and environmental control are crucial.
HVAC systems to adjust fan speeds and monitor temperature and humidity.

Remote agricultural systems for irrigation pump control and real-time weather data collection
[26-35].

RESULT

The functionality of the IoT-based smart system was successfully confirmed with practical
verification and visual proof. The system was tested for multiple input scenarios with manual
potentiometers and through a remote Android app. Live feedback was presented on a 16x2 LCD display,
while the parameter adjustments were also updated on the mobile front end. Accurate temperature and
humidity values were sensed using the DHTI11 sensor, confirming the environmental sensing
functionality of the system. Values of motor speed and LCD brightness were seen to adjust
proportionally in response to input changes, attesting to the accuracy of PWM control logic [36-50].

HORE/OL 1 89,00
L2

Figure 10. Real-time temperature and humidity monitoring on LCD.
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The image 9 & 10 shows the hardware setup displaying environmental data on the 16x2 LCD. The
DHT11 sensor is continuously sensing ambient temperature and humidity. The values shown
Temperature: 29.0°C and Humidity: 72.0% are accurate real-time readings captured during system
operation. These values are processed by the Raspberry Pi and updated on the LCD display. This
confirms the successful integration and live performance of the environmental monitoring feature
within the system [51-60].

Observation Table

The motor speed increases linearly with potentiometer input or slider value, indicating accurate
PWM control.

The LCD brightness shows slight deviation due to backlight characteristics and code rounding.
Temperature increases slightly with time due to system operation and ambient conditions (Table
1).

Humidity remains relatively stable but increases marginally due to continuous power
consumption and nearby heat sources [61-70].

Calculation Formula

1.

ii.

Motor Speed (RPM) = (Input Percentage/100)* Max RPM

Input Percentage = The motor speed value from the potentiometer or app

Max RPM = Commonly around 3000 RPM for standard motors

LCD Brightness (PWM) = (Input Percentage/100)*255

LCD brightness is typically controlled via PWM duty cycle between 0 (off) and 255 (full
brightness, 8-bit resolution).

Table 1. Observation table showing motor speed, LCD brightness, temperature and humidity.

Observation | Potentiometer | Motor LCD Motor LCD Temperature | Humidity

(%) speed | brightness speed brightness (°0) (%)
(%) (%) (PWM) (PWM)

1 10 10 12 300 31 28.4 70

2 30 30 28 900 79 28.9 71

3 50 50 48 1500 123 293 71.5

4 70 70 68 2100 174 29.8 72

5 90 90 88 2700 225 30.2 72.5

6 100 100 100 3000 255 30.6 73

Values

100 e

Sensor params by observation

OPotentiometer (%) B Motor speed (%) B LCD brightness (%) & Temperature (°C) B Humidity (%)
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Figure 11. Graph of sensor and output parameters.
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The bar graph depicts the system response to different potentiometer inputs over six readings. Motor
speed and LCD brightness rise proportionally, justifying the efficacy of PWM-based control. Their
linear increase demonstrates proper mapping between input percentage and output response.
Temperature readings exhibit a steady rise due to the continuous operation of hardware elements, and
humidity depicts small environmental fluctuations (Figure 11). Such behavior justifies the DHT11
sensor's real-time sensing ability [71-79].

CONCLUSION

The system developed presents an effective combination of hardware-level monitoring and cloud-
based control within an IOT platform. It facilitates manual and remote control of parameters like motor
speed and LCD brightness and monitors environmental factors like temperature and humidity in
parallel. Reliability, real-time synchronization, and quick response make it viable for both domestic and
industrial usage. The addition of the DHT11 sensor increases the functionality of the system by
incorporating environmental consciousness. Due to its scalable and modular nature, the system can be
expanded to have additional sensors and control modules so that it becomes versatile for use in a large
variety of smart automation applications.
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