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CH-5 loT application development

5.1 Solution Framework for l1oT Applications (Simple Indian Style)

A framework l.e designed for developing an loT application is called solution framework for loT application
1. Sensing Layer (Data Collection)
In this layer the real world data is collected from the sensors
¢ Example:
e Temperature sensor to measure heat
e Motion sensor to detect movement
e Heartbeat sensor to check pulse

e Soil moisture sensor for farming

© Ppurpose: Collect real-time data from the environment or human body.

this layer is used for data transfer between various parts of loT system like

o if cloud/server processing is done then the Data is transferred between loT sensor and cloud/server
processor ex: data transfer b/w zigbee sensor & zigbee co-ordinator

e also to transfer the processed data or user commands between processor and user application we need
network layer.

¢ Common networking methods:
Wi-Fi, Bluetooth, GSM / Mobile Network
ZigBee, LoRa, etc.

Once the data reaches the system (like cloud or microcontroller), it needs to be processed or analysed to make
decision .

Generally the decision is made based on the user programs for performing actions
¢ Examples:
e If soilis dry = turn on water pump
e If temperature is high = turn on fan

¢ If no movement for long time = send alert
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In this layer based on decision made after processing, the action is performed using actuator.
Also the output is shown to user through application . user can give commands to loT device in this layer
¢ Examples:
e Turnonalight
e Display reading on LCD

e Send notification to your phone

loT systems also need protection from hacking or misuse.
¢ Methods:
To protect communication we need to introduce encryption .

Authentication is also imp for giving access to loT device

Device integration means connecting different devices to work together seamlessly.

It means connecting i/p devices like sensors and output devices like displays ,motors with
microcontrollers/processor like Arduino and proper wiring them,, writing source code, and taking actions.

First, select the correct sensors ,actuators and microcontrollers/processors based on your project need.

Motion Detection PIR Sensor

Display LCD or OLED

Action Relay Module + Pump
Processing Arduino Uno or Nano

It is the process of connecting all the hardware input and output devices to the microcontroller or
microprocessor.

Example:
e PIR - Digital i/p pin of uc/up

e Ultrasonic: digital pins
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e LCD/OLED - analog sda and sck pins

e Buzzer or Light - digital o/p pins

It is the process of developing the programs for
e reading data from input devices like sensors
e Process the data
e Taking action .

Example

if (digitalRead(PIR_PIN) == HIGH) {

digitalWrite(BUZZER, HIGH); // Turn on buzzer

—

If your device needs to send data to cloud or phone, connect communication modules like:
e Bluetooth
e Wi-Fi (ESP8266)

« GSM (SIM800)

Check if all sensors, devices and code are working properly . debug if any errors

e ¢ 1, Whatis Data Acquisition?
Data acquisition is the process of collecting real-time data from various sources.

e The data collected is usually in a raw format. This raw data needs to be processed by a processor or
computing system before it can be analyzed or used.

Examples:

e Atemperature sensor provides raw temperature readings.

WRITER: ABDUL MUQSITH



e A ultrasonic sensor provides distance in raw format

2. What is Data Integration?

Data integration : the process of combining data from multiple sources and bringing it into one
organized system.

Process:
1. Collect various types of data from different sources.
2. Datais cleaned and organised like storing collected sensor data in variables with well-suited name.

3. The raw data converted into proper format (like ultrasonic sensor data is converted into cm
distance)

4. Use the structured data in decision-making.
Examples:

e Combining temperature, humidity, and motion data to decide if a room is occupied and needs
climate adjustment.

In loT, device data storage refers to the way we store the data collected from various sensors and devices
or processed data by the processor. It can be stored in different places like local servers or cloud servers,
depending on the system's needs.

Unstructured data refers to data that doesn't have a predefined structure. In 10T, data collected from
sensors (like temperature readings, motion, etc.) often comes in a raw, unorganized form.

Unstructured data storage is nothing but storing unstructured raw data into cloud or local servers.
Unstructured Data Storage:
1. Cloud Storage:
o Cloud storage refers to storing data on online servers provided by cloud service providers
o Generally unstructured data is stored in NoSQL databases like MongoDB
o Communication protocol (transport layer): UDP.
o Benefits:
* No need of physical memory
= Scalability: Can handle huge amounts of data.

» Accessibility: Data can be accessed from anywhere.
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= Cost-Efficiency: Reduces infrastructure costs as you only pay for the storage you use.
2. Local Server Storage:
o Datais stored on physical servers that are either owned or rented by an organization.
o Benefits:
» Asdatais stored in local storage systems ,so data is highly secure
= Data can be accessed faster

» Data is always available as due to server down etc sometimes data is less available in
cloud

Authentication in loT refers to the process of verifying the identity of a device before allowing it to access a
server ,cloud or database.

Example:

e Atemperature sensor trying to connect to a cloud platform may use a digital certificate to prove
that it’s an authorized device.

Purpose:
To ensure that only trusted devices can connect to and communicate with the loT network, and cloud
,preventing unauthorized devices from accessing or tampering with the data and system.

Methods:

¢ Certificate-based authentication: Devices authenticate using digital certificates issued by a trusted
authority (e.g., 1oT devices in a factory use certificates to communicate securely with a central
system).

o Password-based authentication: Devices use a pre-shared key or password to authenticate
themselves.

¢ Public Key Infrastructure (PKI): Devices use cryptographic keys (private and public) to verify their
identity.
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CH-6 loT Case Studies

6.1 Learn loT Case Studies and Mini projects
6.1.1 Home Automation
Problem and Solution:

Problem: In modern households, managing various appliances and systems (like lighting, heating, security, and
entertainment) manually is time-consuming and also due to human negligiancy and human error it is leading to
energy waste & reduced home security

Solution: using Home automation gadgets we can reducing energy consumption increase home security

Objectives:
e To access home appliances remotely
e To control of home appliances and systems automatily.

e Tosave energy and enhance security

Method to Solve the Problem (Solution):
1. loT Based appliances

o By using sensors, controllers ,actuators communication modules we can enable loT and control
devices remotely .

2. Automation Logic:
o Based on predefined rules we can control appliances like turn off bulb when no person detected
3. Security:

o CCTV cameras, smart locks, and real-time alerts for intrusion or fire detection.

Applications:
e Smart lightning: Automatically adjust brightness or turn off lights when not in use.
¢ Remote control appliances: to control home appliances remotely
¢ Intrusion detection systems : to detect theft and risks.

e Security: Surveillance, door lock automation, and emergency alerts.
6.1.1.1 SMART LIGHTNING
Smart Lighting System Using loT

© Objective:

To automatically turn on a light when motion is detected and turn it off after a set time, thereby
conserving energy and improving convenience.
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< Components Required:

e Arduino Uno (or any compatible board)

PIR Motion Sensor (HC-SR501)
e Relay Module (to control AC bulb) or LED for demo
e Light Bulb or LED
e Jumper wires
e Breadboard
e Power supply
Analysis :

Connect ground pins and vcc pins of sensors (PIR SENSOR) and Relay (output) to the respective pins of
Arduino uno and connect control pins like input or output pin to data pins of Arduino

Design the firmware, compile and upload it in main board

NOTE: Place the PIR sensor in areas like hallways or bathrooms where lights are often left on
unintentionally And at commonly used areas

Working:

e When the PIR sensor detects motion, it sends a HIGH signal, Then the Arduino triggers the relay or
LED to turn ON.

e After afixed time (10 seconds), the light turns OFF automatically if no one is detected in room.
¢ No manual operation needed.
Applications:
e Offices, restrooms ,bathrooms etc
e Security lighting for entrances

e Energy-efficient room automation

6.1.1.2 Home Intrusion Detection System Using PIR Sensor and Arduino

To detect unauthorized movement in restricted areas and trigger an alert (buzzer or LED),
therefore enhancing home security without requiring constant manual monitoring.

e Arduino Uno
¢ PIR Motion Sensor (HC-SR501)
e Buzzer or LED (for alert)

e Jumper wires
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e Breadboard

e (Optional) GSM/Wi-Fi Module for remote alerts

Connect the VCC and GND pins of the PIR sensor and the buzzer to the respective power pins on
the Arduino Uno.

Connect the OUT pin of the PIR sensor and control pin of the buzzer to the digital I/O pins on
Arduino.

Design and upload the firmware to the Arduino board for sensor logic and alert control.

NOTE: Place the PIR sensor at key entry points where unauthorized access is likely, such as
balconies, back doors, or windows — areas not usually accessed by authorized persons.

Working:
e When the PIR sensor detects motion, it sends a HIGH signal to the Arduino.
o The Arduino then triggers the buzzer or LED to turn ON, signaling an intrusion.

o Buzzer/led is on for specific time though after no motion is detecting then it turns off ,fully
automatic, no manual reset required.

Applications:
e Home and apartment security
e Restricted zones in offices or warehouses

e Balcony or backdoor intrusion alerts

6.1.4 HEALTHCARE

Title: Smart Healthcare Monitoring System

Problem:

In hospitals and at home, continuous monitoring patient is often dependent on manual supervision. This
leads to delayed response in emergencies, inefficient care for elderly or chronically ill patients due to lack
of knowledge

Solution:
automate routine healthcare tasks — enhancing efficiency, saving lives, and reducing workload.

© Objectives:

e To continuously monitor patient health parameters (like heart rate, temperature, oxygen levels).
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e To send automatic alerts in case of abnormal conditions or emergencies..

&3 Method to Solve the Problem (Solution):
1. loT-Based Health Devices

o Use sensors (temperature, heart rate, SPO2), microcontrollers, and communication modules
to collect and transmit health data.

2. Automation Logic:

o Predefined thresholds trigger alerts (e.g., if heart rate > 120 bpm, send emergency message
to caregiver or doctor).

@» Applications:

e Health and fitness monitoring
o Emergency Alert Systems: Instant notifications during abnormal conditions

o Wearable devices: that tracks health parameters conveniently

6.1.4.1 Health and Fitness Monitoring System Using Arduino and Sensors

© Objective:

To continuously monitor vital health parameters such as heart rate and body temperature using
sensors and display the results in real-time to help users maintain and track their fitness levels
effectively.

< Components Required:
e Arduino Uno
e Heartbeat Sensor (e.g., Pulse Sensor or MAX30100)
e Temperature Sensor (e.g., LM35 or DHT11)
e LCD Display (16x2 or OLED)
e Jumper wires
e Breadboard

e (Optional) Buzzer or LED for alerts, wifi module

8 Analysis:

1. Connect the VCC and GND of the sensors (Heartbeat and Temperature) to the respective power
pins on the Arduino.

WRITER: ABDUL MUQSITH



Connect the output pins of the sensors to the analog or digital input pins on the Arduino Uno.
Connect the LCD display to the appropriate data pins (via 12C).

2. Develop the Arduino firmware to read sensor data, process it, and display it on the screen.

3. NOTE: Sensors should be placed properly — the heartbeat sensor on the fingertip or earlobe,
and the temperature sensor in contact with the skin or ambient area for accurate readings.

Working:
e The heartbeat sensor detects the user’s pulse and sends analog signals to the Arduino.
e The temperature sensor continuously reads the user's body or room temperature.
e Arduino processes the data and displays the values on an LCD screen in real-time.
e The heart beat data can be accessed in your mobile

e If values cross a threshold (e.g., heart rate > 120 bpm), a buzzer can alert the user.

Q» Applications:
e Personal fitness monitoring
¢ Home health tracking for elderly patients

e Early detection of abnormal health conditions

6.1.4.2 Wearable Pulse Rate Monitoring System Using Arduino Nano

© Objective:
To develop a compact and wearable system using Arduino Nano to monitor pulse rate in real-time, enabling
users to keep track of their cardiovascular health conveniently on-the-go.

e & Components Required:
* Arduino Nano
* Pulse Sensor (e.g., Pulse Sensor Amped or MAX30100)
* OLED Display (e.g., 0.96" 12C OLED)
* Jumper Wires
* Breadboard or custom wearable PCB
» Velcro Strap or Band for wearability
* (Optional) Buzzer or Vibration Motor for alerts
» Power Source (Rechargeable Li-ion battery or 9V battery with regulator)

e B Analysis:
Connect the VCC and GND pins of the Pulse Sensor and OLED Display to the 5V and GND of Arduino
Nano.
Connect the signal pin of the Pulse Sensor to an analog input pin (e.g., AO).
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Connect the SDA and SCL pins of the OLED to A4 (SDA) and A5 (SCL) on the Nano.

Upload Arduino code to read pulse data from the sensor, process beats per minute (BPM), and
display it on the OLED.

Ensure the sensor is placed securely on the fingertip or earlobe for optimal accuracy.

Working:
® The Pulse Sensor reads heartbeat signals and sends analog input to the Arduino Nano.
* The Nano processes this data to calculate BPM using peak detection or signal filtering.
® The processed BPM value is updated and shown on the OLED screen in real-time.
e Optional: If the BPM exceeds a set limit (e.g., 120 bpm), the buzzer or vibration motor alerts the
user.

U» Applications:

e Wearable heart rate tracking for fitness

e Cardiovascular health monitoring during daily activities

e Elderly or patient care with compact wearable integration

6.1.2Environment Monitoring System

Problem and Solution:
Problem: due to rise in pollution everyone nowadays are trying to reduce it so its our duty to reduce
pollution from environment as by any possible ways .

Objectives:

* Monitor air quality and weather conditions
e Detect environmental hazards early

e Promote eco-awareness

(Solution):

1.

loT Sensors:
e using MQ135 for air quality, DHT11 for temp/humidity, connected to Arduino we can detect air
quality and temperature

2. Data & Alerts:
e Send live data to cloud or app; alert if pollution crosses limit
3. Display:
e Show data on OLED or mobile dashboard
Applications:

e Air quality monitoring
* Smart farming
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e Indoor pollution control
e Early gas leak or hazard detection

6.1.2.1 Weather Monitoring System

© Objective:
To continuously monitor environmental parameters such as temperature and humidity using the DHT11
sensor and display the results in real-time, enabling users to track weather conditions effectively.

< Components Required:

e Arduino Uno

e DHT11 Temperature & Humidity Sensor
¢ LCD Display (16x2 or OLED)

e Jumper Wires

® Breadboard

B Analysis:

e Connect the VCC and GND pins of the DHT11 sensor to the 5V and GND on the Arduino.

e Connect the data pin of the DHT11 to a digital input pin (e.g., D2).

e Connect the LCD display to Arduino via 12C or directly using appropriate digital pins.

e Upload Arduino code to read data from DHT11 and display temperature and humidity on the LCD.

Ensure sensor is placed in an open environment for accurate ambient readings.

Working:
* The DHT11 sensor reads the current temperature and humidity from the surrounding environment.
e Arduino collects this data at regular intervals.
* The values are processed and displayed on an LCD screen in real-time

e Data can be sent to mobile using MQTT communication
e Optional alerts (buzzer/LED) can be triggered if temperature or humidity goes beyond defined
limits.

..., Applications:

* Local weather condition monitoring

e Home/office climate tracking

* Greenhouse and agriculture environment control
e |oT-based smart weather stations
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6.1.4.2 Air Pollution Monitoring System Using Arduino and Sensors

@© Objective:

To continuously monitor air quality parameters such as harmful gases and particulate matter using sensors,
and display the data in real-time to help users become aware of pollution levels and take timely preventive
actions.

< Components Required:

e Arduino Uno

e Air Quality Sensor (e.g., MQ135 or MQ2)

e Temperature and Humidity Sensor (e.g., DHT11)
¢ LCD Display (16x2 or OLED)

® Jumper wires

* Breadboard

¢ (Optional) Buzzer or LED for alerts

B Analysis:

Connect the VCC and GND pins of the air quality and DHT11 sensors to the power pins of the Arduino.
Connect the analog output of the MQ135 to an analog input (e.g., A0), and DHT11 data pin to a digital
input (e.g., D2).

Connect the LCD (via 12C or directly) to display real-time data.

Upload code to read sensor values and convert them into readable air quality data.

Working:
e The MQ135 sensor detects gases like CO,, NHs, and other pollutants and sends data to Arduino.
e The DHT11 sensor provides ambient temperature and humidity data.
» Arduino processes this data and displays air quality and weather information on the LCD screen.
e If pollution levels exceed safe thresholds, the system can activate a buzzer or warning light.

¢» Applications:

¢ Indoor and outdoor air quality monitoring

e Smart city environmental tracking

¢ School and office pollution awareness systems
e Early detection of hazardous gas leaks.

Title: Smart Agriculture Monitoring System
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Problem and Solution:

Problem: Traditional farming relies on manual environmental monitoring, leading to inefficient resource
use and poor crop yield.

Solution: Smart agriculture systems utilize sensors, microcontrollers, and loT for automated monitoring
and control of soil moisture, temperature, and other key parameters, improving crop management and

reducing resource waste.

Objectives:

e Monitor soil moisture, temperature, and humidity

e Automate irrigation and control based on real-time data
* Increase crop yield and minimize resource wastage

Method to Solve the Problem (Solution):

1. Sensor-Based Monitoring:
o Use of sensors (soil moisture, temperature, humidity) to collect environmental data.
2. loT and Microcontroller Integration:
o Arduino/ESP32-based system processes sensor data to trigger irrigation or alerts.
3. Automation Logic:
o Automated irrigation when soil moisture is low, with alerts for critical weather changes.
4. Remote Monitoring:
o Data sent to a mobile app or cloud dashboard for remote monitoring.

Applications:

e Smart irrigation based on soil moisture

¢ Climate and temperature monitoring for crop planning

e Early crop health tracking

* Resource optimization to reduce water and energy waste

6.1.3.1 Smart Irrigation System

© Objective:
To develop an automated smart irrigation system that monitors soil moisture levels and activates irrigation
when necessary, optimizing water usage for efficient farming or gardening.

< Components Required:

e Arduino Uno

e Soil Moisture Sensor

* Relay Module

e Water Pump or Solenoid Valve
e Jumper wires

® Breadboard

e LCD Display (16x2 or OLED)
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B Analysis:

e Connect the soil moisture sensor to the analog input pins of the Arduino to measure moisture levels.

e The relay module will be connected to the water pump or solenoid valve for controlling water flow and
with arduino

e The LCD display will show real-time moisture levels, helping to monitor system performance.

e Write and upload Arduino firmware to monitor soil moisture and activate irrigation based on predefined
moisture thresholds.

NOTE: The soil moisture sensor should be placed in the soil at a depth for accurate readings.

Working:
* The soil moisture sensor detects the moisture level in the soil and sends an analog signal to the Arduino.
* Arduino compares the sensor data with a pre-set moisture levels.
e If the moisture level falls below the set level, the Arduino triggers the relay to activate the water pump or
solenoid valve, delivering water to the soil.
e The LCD display shows the current moisture levels, helping users monitor the system.
* The system can be scheduled or manually controlled using additional sensors or timers for more
flexibility in watering cycles.

& Applications:

e Precision irrigation in agriculture to conserve water.

e Automated watering systems for home gardens and lawns.

e Smart farming solutions to reduce water waste and increase crop yield

6.1.3.2 GREENHOUSE CONTROL

© Objective: To design and implement a greenhouse control system that regulates the environment
within the greenhouse by monitoring and adjusting key parameters such as temperature, humidity, and
light, ensuring optimal conditions for plant growth.

< Components Required: * Arduino Uno

* Temperature Sensor (e.g., DHT22 or LM35)

e Humidity Sensor (e.g., DHT22 or SHT31)

e Light Sensor (e.g., LDR or BH1750)

* Relay Module (for controlling fans, lights, or heaters)
e LCD Display (16x2 or OLED)

e Jumper Wires

® Breadboard

e (Optional) Buzzer or LED for alerts
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B Analysis: ® Connect the sensors (Temperature, Humidity, and Light) to the appropriate analog or digital
input pins on the Arduino.

e Connect the relay module to control the environmental elements (fans, lights, heaters).

e Interface the LCD display to show the current values of temperature, humidity, and light levels.

* Write and upload the Arduino firmware to read sensor data, process it, and control the environmental
conditions in the greenhouse.

e Ensure that sensors are placed in positions where they can accurately measure the environment (e.g.,
temperature near plant height, light sensor near the ceiling).

Working: ¢ The temperature sensor continuously monitors the temperature inside the greenhouse.
® The humidity sensor measures the moisture level in the air.
* The light sensor detects the light intensity within the greenhouse.
* When the readings exceed or fall below the threshold, the system activates the corresponding relay to
control
* The LCD screen displays real-time readings for temperature, humidity, and light levels.
e Optional: A buzzer or LED can alert if the environment goes outside the desired range.

« Applications: ¢ Automated greenhouse climate control

* Precision agriculture for better plant growth

* Energy-efficient farming by controlling temperature and light efficiently
e Remote monitoring and control of greenhouse environment

6.1.5 Productivity applications
Problem and Solution:

Problem:
In industries, managing processes, machinery, and resources manually can be inefficient and prone to
errors. Human errors ofetn leads to waste, time consuming, and reduced productivity.

Solution:
By integrating loT (Internet of Things), automation systems, and data analytics, industries can monitor
operations in real-time & automate tasks, which increases efficiency& reduced human errors

Objectives:

¢ To automate repetitive industrial tasks to reduce manual labor and human errors.
¢ Toincrease productivity by ensuring efficient use of machinery and resources.
¢ To reduce energy consumption and minimize operational costs.

Method to Solve the Problem (Solution):
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1. loT-Based Automation:

o By using sensors, controllers, actuators, and communication modules, industries can

automate machines and control various processes remotely.
2. Automation Logic:

o Implementing predefined rules such as automatic equipment shutdown when certain
conditions are met (e.g., when machinery is not in use or if temperature exceeds a certain
limit) reduces manual intervention, increasing operational efficiency and safety.

3. Resource Management and Optimization:

o By connecting all machines, production lines, and warehouse systems via loT, industries can
better track inventory, manage stock levels, and control energy usage, leading to significant
resource optimization.

Applications:

e Energy Management Systems:

o Monitoring and controlling energy usage of machinery and processes to reduce
consumption and costs.

6.1.5.1 10T PRINTER

© Obijective:
To develop an loT printer system that allows users to print sensor data (e.g., temperature, humidity)
directly from an Arduino Uno, using sensors like DHT11, in real-time for monitoring and analysis.

< Components Required:

e Arduino Uno

e DHT11 Temperature and Humidity Sensor

e Thermal Printer Module (e.g Adafruit Mini Printer)
e Jumper Wires

® Breadboard

e Power Supply (for Arduino and printer)

e (Optional) Button or switch to trigger print action

B Analysis:
e Connect the DHT11 sensor to the Arduino Uno:

e TX(Transmitter) pin to a digital pin (e.g., Pin 3) on the Arduino

e Install any required libraries (e.g., DHT, Adafruit Thermal Printer) for the sensors and printer
module.

® Ensure the Arduino can communicate with the printer using the correct serial communication
settings.

e Write and upload the Arduino firmware to read data from the DHT11 sensor and print the output
in real-time.
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Working:
e The DHT11 sensor continuously measures temperature and humidity in the environment.
e Arduino processes the sensor data and formats it for printing.
e When triggered by a button or automatically at intervals, the Arduino sends the formatted data to the
thermal printer.
® The printer prints the current temperature and humidity readings along with a timestamp.
* The system can print data at predefined intervals or when requested by the user (e.g., by pressing a
button).

WRITER: ABDUL MUQSITH



