Industrial IoT and Industry 4.0

e Introduce students to the principles and techniques of Plant
Simulation and discrete event simulation.

e Develop students' understanding of layout design principles,

Course resource allocation strategies, and their impact on system

Learning performance.

Objectives e Explore the concepts and applications of Industry 4.0 and IoT|
technologies in smart manufacturing.

e Enhance students' practical skills in designing and
implementing IoT solutions for predictive maintenance and
supply chain optimization.

e Apply Plant Simulation software to model and simulate
manufacturing systems for process optimization.

e Design and evaluate facility layouts wusing simulation

Course techniques and industry best practices.
Outcomes e Optimize resource allocation and balance production lines to

improve overall system performance.

e Integrate IoT devices, sensors, and actuators into
manufacturing systems for real-time data collection.

e Utilize IoT technologies for predictive maintenance and supply
chain management in smart factories.

e Evaluate the security considerations and challenges associated
with IoT-based systems.

Course Duration: 45 Hours

UNIT 1: Introduction to IIoT

Definition and Evolution of IIoT - Differentiating IIoT from IoT - Historical context and
development - Key Components of IIoT - Sensors and actuators - Connectivity
technologies - Connectivity and Networking - Wireless Technologies - 5G in IIoT -
LPWAN (Low-Power Wide-Area Network) - Network Topologies.

UNIT 2: Introduction to Sensor Technology

Definition of Sensors and Transducers - Importance and Applications of Sensors -
Classification of Sensors (based on measurement, working principle, etc.) - Overview
of Sensor Characteristics (sensitivity, accuracy, precision, etc.) - Basic sensor types

and principle - Sensor Signal Conditioning - Amplification and Filtering - Analogto-
Digital Conversion (ADC) - Digital Signal Processing (DSP) for Sensors - Calibration
and Compensation Techniques - Sensor Interfaces and Communication - Analog and




Digital Interfaces - Wireless Sensor Networks (WSN) - Communication Protocols (12C,
SPI, UART, etc.).

UNIT 3: Implementation and Deployment Challenges in Industrial IoT

Interoperability and Compatibility-Security Concerns-Cybersecurity RisksData
Privacy- Scalability and Complexity-System Scalability- Complexity
ManagementLegacy Systems Integration-Compatibility with Existing Infrastructure-
Reliability and Maintenance- Data Management and Analytics-Data Overload-Real-
time Processing.

UNIT 4: Industry-Specific Applications

Manufacturing (Smart factories, predictive maintenance)-Energy (Smart grids, asset
monitoring)-Healthcare (Remote patient monitoring, medical device management)-
Agriculture (Precision farming, livestock tracking- Transportation (Fleet
management, logistics optimization)

UNIT 5: Advanced Local Network Communication in Industrial IoT

Wireless Sensor Networks-Long-Range Connectivity (Lora) to server data
communication - Multiple local networks to single server- Master slave
communication - Local network security system.

Test Projects:

Use Cases:

1) IoT for Solar-Powered Temperature Monitoring System

Task 1: Research and select temperature sensors suitable for solar-powered
applications. Evaluate sensors based on energy efficiency, durability, and compatibility

with solar energy sources.

Task 2: Identify potential challenges in deploying solar-powered temperature sensors.
Develop strategies to overcome issues related to reliability, intermittent sunlight, and

energy storage.

Task 3: Implement calibration procedures for solar-powered temperature sensors.
Establish quality control measures to ensure accurate and reliable temperature data

collection.



Task 4: Develop a plan for integrating solar-powered temperature sensors with IoT
devices. Explore how this integration can enhance operational control, predictive

maintenance, and overall process efficiency.

Task 5: Evaluate the sustainability implications of using solar-powered sensors in the
manufacturing industry. Develop cost-effective strategies for optimizing the

integration of solar-powered temperature sensors with IoT devices.

2) Implementing Humidity Sensors in the Food Industry

Task 1: Select humidity sensors specifically designed for the food industry. Ensure
sensors comply with industry regulations, considering factors such as hygiene, food

safety, and material compatibility.

Task 2: Develop a calibration plan that adheres to food industry standards. Implement
regular calibration checks to maintain the accuracy of humidity readings in compliance

with food safety regulations.

Task 3: Devise a strategy for integrating humidity sensors with food processing
equipment. Ensure seamless communication with control systems to optimize

processes such as baking, drying, or fermentation.

Task 4: Implement a real-time monitoring system for humidity levels in food
processing. Establish protocols for immediate alerts or interventions to maintain

product quality and safety.

Task 5: Consider the design and materials of humidity sensors to ensure easy cleaning
and maintenance in compliance with food industry hygiene standards. Develop a

cleaning schedule to prevent contamination and maintain sensor reliability.



3) Comprehensive Smoke Detection System for Gas Processing Facilities

Task 1: Conduct a hazard analysis to identify potential smoke sources in gas
processing facilities. Design a smoke detection system, considering facility layout,

critical areas, and potential fire risks.

Task 2: Research and choose industrial-grade smoke detectors suitable for gas
processing environments. Strategically place detectors based on the facility's layout

and potential fire-prone zones.

Task 3: Develop a plan for seamless integration with existing control systems. Ensure
automated responses, such as equipment shutdown or fire suppression activation, in

case of smoke detection.

Task 4: Implement real-time monitoring for prompt smoke detection. Establish
protocols for immediate notifications to operators, emergency response teams, and

relevant stakeholders.

Task 5: Develop regular testing procedures for smoke detectors to ensure
functionality. Establish a maintenance schedule for cleaning, calibration, and sensor

replacement to maintain system reliability.

4) Integration of Infrared (IR) Sensors for Material Positioning in

Manufacturing Automation

Task 1: The manufacturing process to identify critical points for material positioning.
Design an infrared sensor-based system that optimizes material positioning in

manufacturing automation.



Task 2: Research and select infrared sensors suitable for material positioning in
industrial automation. Implement calibration procedures to ensure accuracy and

reliability of sensor readings.

Task 3: Develop a plan for seamless integration of infrared sensors with existing
manufacturing automation systems. Ensure compatibility with programmable logic

controllers (PLCs) and other control interfaces.

Task 4: Implement real-time monitoring capabilities for precise material positioning.
Set up protocols for immediate adjustments or alerts if discrepancies in material

positioning are detected.

Task 5: Conduct rigorous testing to validate the performance of the infrared sensor-
based system. Optimize sensor placement, sensitivity, and response times for efficient

material positioning in different manufacturing scenarios.

5) Ultrasonic Sensors for Distance Measurement in Industrial Automation

Task 1: Analysis the industrial automation process to identify areas where distance
measurement is critical. Design a system that integrates ultrasonic sensors for

accurate distance measurement in the identified areas.

Task 2: Research and select ultrasonic sensors suitable for industrial automation
applications. Implement calibration procedures to ensure precise and reliable distance

measurements.

Task 3: Develop a plan for seamless integration of ultrasonic sensors with existing
automation systems. Ensure compatibility with control interfaces, programmable logic

controllers (PLCs), and other relevant components.



Task 4: Implement real-time monitoring capabilities for continuous distance
measurement. Establish protocols for immediate adjustments or alerts in case of

deviations from the specified distances.

Task 5: Conduct thorough testing to validate the accuracy and reliability of distance
measurements. Optimize sensor settings, placement, and configurations to ensure

optimal performance in various industrial automation scenarios.

6) Implementation of an IoT Border Alert System for Textile Quality Control
Task 1: Identify and define the critical quality parameters for textile production

processes.

Task 2: Research and choose IoT sensors capable of monitoring identified quality
parameters. Integrate selected sensors into the textile production line for real-time

data collection.

Task 3: Design the overall architecture of the IoT border alert system, outlining the flow

of data from sensors to the alert mechanism.

Task 4: Implement real-time monitoring capabilities for continuous data collection.
Develop an alert system that triggers notifications when deviations from quality

standards are detected.

Task 5: Conduct thorough testing of the IoT border alert system to ensure accuracy
and responsiveness. Optimize system parameters based on testing results to enhance

overall performance.



7) IoT-Based Electric Vehicle Auto Parking System
Task 1: Parking Space Monitoring and Availability. Implement sensors to monitor and

detect the availability of parking spaces for electric vehicles.

Task 2: Choose appropriate IoT devices and sensors for detecting and identifying

electric vehicles.

Task 3: Design a communication infrastructure to enable seamless

connectivity between parking sensors, vehicle detection systems, and the central

control unit.

Task 4: Develop an automated parking system that guides electric vehicles to available

parking spaces without human intervention.

Task 5: Create a user-friendly mobile application for electric vehicle owners, allowing
them to access real-time parking space availability, make reservations, and initiate

remote parking.

8) Low-Frequency, Long-Range Communication in Critical Situations Using
LoRa

Task 1: Determine the required low-frequency range for effective communication in
critical situations. Assess the maximum communication distance needed to cover

critical areas.

Task 2: Select and configure LoRa modules optimized for low-frequency, long-range
communication. Adjust module settings to align with the desired frequency range and

maximize communication distances.



Task 3: Design a network topology suitable for low-frequency, long-range
communication. Develop an architecture ensuring reliability, scalability, and minimal

interference in critical scenarios.

Task 4: Implement strategies to enhance signal strength over long distances.
Incorporate mechanisms to mitigate potential interference factors in critical

communication.

Task 5: Optimize power consumption for prolonged device operation in critical
situations. Implement energy-efficient protocols and features to extend the battery life

of LoRa devices.

9) Vehicle Accident Alert System for Ambulance Using IoT

Task 1: Develop and implement a reliable accident detection mechanism utilizing IoT
sensors to identify sudden changes in vehicle speed, direction, and impact forces.

Task 2: Integrate GPS or similar location tracking systems to provide real-time accident

location information.

Task 3: Implement a communication system for immediate alert transmission from
the accident site to the ambulance service, utilizing a suitable and reliable

communication protocol.

Task 4: Design a system to notify nearby ambulance services with accident location

details and relevant information, fostering effective coordination and response.

Task 5: Incorporate sensors and devices for collecting and transmitting vital medical
data from the vehicle to the ambulance, ensuring secure and timely transmission of

critical information to aid emergency responders.



10) IoT-Based Distribution Transformer Monitoring System

Task 1: Select and deploy IoT sensors on distribution transformers to capture relevant

data, including temperature, oil level, and load.

Task 2: Establish a robust communication infrastructure for seamless data
transmission from sensors to the centralized monitoring system.
Select and configure communication protocols that ensure reliability and

efficiency.

Task 3: Integrate the system with cloud platforms to enable centralized data storage
and accessibility. Implement data analytics tools to process and analysis data collected

from distribution transformers.

Task 4: Develop algorithms for detecting faults and anomalies in distribution
transformers using the collected sensor data. Implement predictive maintenance

strategies to proactively address potential issues and extend the life of transformers.

Task 5: Design a user-friendly interface for remote monitoring of distribution
transformers. Implement controls for remote adjustments and maintenance based on

real-time monitoring data.

11) Development of IoT-Based Women's Safety Watch

Task 1: Research and integrate sensors such as GPS, accelerometers, and panic

buttons into the safety watch for comprehensive safety monitoring.

Task 2: Implement a GPS tracking system to provide accurate real-time location

information, enabling quick response in emergency situations.



Task 3: Design and implement a user-friendly panic button feature, allowing users to

trigger emergency alerts with a simple press.

Task 4: Develop a robust emergency alert system to promptly notify predefined

contacts or authorities when a safety concern is detected.

Task 5: Create a companion mobile application with features such as live location
tracking, history tracking, and two-way communication to enhance user safety and

provide additional support.

12) Implementation of IoT-Based Drainage Block Identification and Auto-
Cleaning System During Floods
Task 1: Select and deploy IoT sensors strategically to monitor water levels and flow

rates in critical areas of the drainage system.

Task 2: Develop algorithms to analysis sensor data for identifying potential blockages

in the drainage system during flood conditions.

Task 3: Design and implement an automated cleaning mechanism that activates upon

the detection of blockages, utilizing actuators or cleaning devices.

Task 4: Establish a reliable communication infrastructure to transmit real-time data
from sensors to a central control system. Implement protocols for immediate
notifications when blockages are detected and when auto-cleaning procedures are
initiated.

Task 5: Integrate the system with weather forecasting data to anticipate potential flood
conditions. Implement pre-emptive measures, such as activating the drainage

system's auto-cleaning function in anticipation of heavy rainfall.



13) IoT-Based Ambulance Navigation to Nearby Hospitals with Auto Green

Signal Activation

Task 1: Integrate GPS modules into ambulances to enable real-time tracking of their

locations. Implement accurate and responsive GPS systems for precise navigation.

Task 2: Develop a database of nearby hospitals with their respective locations. Create
an algorithm that calculates the proximity of ambulances to hospitals based on real-
time GPS data.

Task 3: Establish a communication infrastructure to transmit ambulance location data
to traffic signal control systems. Implement protocols for communication between

ambulances and traffic signal control units.

Task 4: Design a mechanism to automatically activate green signals at intersections
when ambulances approach. Integrate the system with traffic signal control units to

prioritize ambulance movement.

Task 5: Develop a notification system that alerts nearby hospitals when an ambulance
is on route. Implement communication protocols to inform hospitals about the

estimated time of arrival and patient information.

14) Implementation of IoT-Based Biodegradable and Non-Biodegradable
Garbage Segregation Device

Task 1: Select and deploy IoT sensors in garbage bins to accurately detect the type of

waste deposited, distinguishing between biodegradable and non- biodegradable items.

Task 2: Implement RFID or barcode technology to identify items, attaching specific

tags indicating whether they are biodegradable or non-biodegradable.



Task 3: Establish a robust communication network to transmit data from sensors and
identification systems to a centralized control unit, ensuring secure and efficient data

transfer.

Task 4: Design and implement an automated sorting mechanism within the garbage
bins or at collection points, based on sensor data and identification technology,

separating biodegradable and non-biodegradable waste.

Task 5: Develop a user-friendly interface for waste management personnel to monitor
the real-time segregation process. Implement a centralized monitoring system that
provides data on the volume of segregated waste, system status, and alerts for

maintenance.

15) Integration of Li-Fi Technology with IoT-Based Wireless Communication

in Subways

Task 1: Establish Li-Fi infrastructure in subway systems, installing Li-Fi access points

and transceivers to provide high-speed optical wireless communication.

Task 2: Integrate Li-Fi capabilities into IoT devices used in subways, such as sensors,
cameras, and information displays, allowing them to communicate using optical

wireless signals.

Task 3: Develop a communication protocol that seamlessly integrates Li-Fi technology
with existing IoT wireless communication standards. Ensure compatibility and efficient

handover between Li-Fi and other wireless technologies used in subways.

Task 4: Optimize Li-Fi communication for real-time data transmission, considering the
requirements of IoT devices in subways, such as surveillance cameras, passenger

information systems, and environmental sensors.



Task 5: Implement security measures to safeguard Li-Fi communication from
unauthorized access and interference. Enhance the reliability of Li-Fi connections,

considering potential obstacles and challenges within subway environments.

16) IoT-Based Weather Monitoring Device with Predictive Weather Analysis

Task 1: Select and deploy IoT sensors for measuring key weather parameters, such

as temperature, humidity, wind speed, and atmospheric pressure.

Task 2: Establish a reliable communication infrastructure for transmitting real- time
weather data from sensors to a centralized server.
Choose and implement communication protocols ensuring efficient and timely data

transfer.

Task 3: Develop algorithms for real-time analysis of collected weather data.
Implement predictive modelling techniques to forecast weather conditions based on

historical data and current trends.

Task 4: Integrate the weather monitoring system with external data sources, such as
satellite imagery or meteorological databases, to enhance the accuracy of predictive

weather analysis.

Task 5: Design a user-friendly interface for end-users to visualize real-time weather
conditions and forecasts. Implement features such as interactive maps, charts, and

notifications to provide accessible and comprehensible weather information.



17) Implementation of IoT-Based Infrared (IR) Box Identification System in

Bulb Manufacturing Company

Task 1: Select and deploy IR sensors strategically within the bulb manufacturing

facility to detect and identify boxes at various stages of the production process.

Task 2: Integrate IoT devices with IR sensors to capture data and transmit information
to a centralized system. Choose suitable communication protocols for seamless

connectivity between IR sensors and IoT devices.

Task 3: Develop algorithms for the IR sensors to identify and differentiate between
various types of boxes used in the manufacturing process. Implement logic for accurate

and reliable box identification.

Task 4: Design and implement a centralized monitoring system that receives data
from IR sensors and provides real-time information on the status and location of boxes

within the manufacturing facility.

Task 5: Integrate the IR-based box identification system with existing manufacturing
processes, such as inventory management and quality control. Ensure compatibility
with the manufacturing line to streamline operations and enhance efficiency.

18) IoT-Based Auto Edge Cutting Mechanism in Leather Manufacturing

Companies

Task 1: Select and deploy IoT sensors capable of detecting the edges of leather sheets
accurately. Position sensors at strategic locations along the manufacturing line to

ensure comprehensive edge detection.



Task 2: Integrate IoT devices with the edge cutting mechanism to enable automated
control based on real-time data from edge detection sensors. Choose communication

protocols for seamless connectivity between sensors and the cutting machinery.

Task 3: Develop algorithms for the IoT system to recognize and analysis the detected
edges, ensuring precision in the cutting process. Implement logic for adjusting cutting

parameters based on the characteristics of each leather sheet.

Task 4: Design a centralized monitoring system to receive real-time data from edge
detection sensors and provide a user interface for monitoring.
Implement controls that allow operators to intervene or adjust settings if needed,

ensuring flexibility and adaptability.

Task 5: Integrate the IoT-based edge cutting system with quality assurance processes
to verify the accuracy of cuts. Implement protocols for identifying and handling

deviations in the cutting process to maintain product quality.

19) Implementation of Voice Recognition for Operating Machines in Textiles
Company

Task 1: Select and integrate voice recognition systems with textile manufacturing
machines. Ensure compatibility and seamless integration with existing machine

interfaces.

Task 2: Develop a comprehensive vocabulary of voice commands tailored to textile
manufacturing processes. Include commands for machine start/stop, speed

adjustment, maintenance requests, and other relevant operations.

Task 3: Implement NLP algorithms to enhance the system's ability to understand
natural language instructions. Fine-tune algorithms to recognize accents, dialects, and

variations in voice commands.



Task 4: Design a system for real-time monitoring of machine operations using voice
commands.
Implement feedback mechanisms to confirm executed commands and alert operators

in case of errors or misunderstandings.

Task 5: Integrate security measures to authenticate authorized users for voice
commands.
Implement protocols to prevent unauthorized access and misuse of voice- controlled

machine operations.

20) Implementation of IoT-Based Electrical Vehicle (EV) Charging Station and
Monitoring System

Task 1: Establish EV charging stations with IoT-enabled charging equipment, including

charging units, connectors, and energy meters.

Task 2: Select and deploy IoT sensors to monitor key parameters, such as charging

station usage, energy consumption, and real-time charging status.

Task 3: Establish a robust communication infrastructure for transmitting data from
sensors to a centralized monitoring system. Implement secure and efficient

communication protocols to enable real-time data transfer.

Task 4: Develop a user-friendly interface for EV users and station operators to monitor
charging activities. Include features such as real-time charging status, energy

consumption, and payment information.



Task 5: Implement remote management capabilities to monitor and control charging
stations from a centralized location. Enable features for remote troubleshooting,

software updates, and system adjustments.

Student Assessment Plan:

Each of the above-mentioned test projects will be divided into tasks by the training
partner for each specific institution. Such tasks will be jointly evaluated by the faculty

and the training partner and the following weightage is to be followed.
° 70% weightage to the external practical assessment.

° 30% weightage to the internal assessment.

Final Test Project/External Assessment Plan:

The Final Test Project will be chosen from the list given above, jointly by the college
faculty and the Training Partner. The Final Test Project will be assessed on the following
tasks, for 70%

Details Marks
Task: 1 20
Task: 2 20
Task: 3 20
Task: 4 20
Task: 5 20

Employment Potential:

This course shall enable Electronic Engineers to get employment in sectors like
Internet of Things, Big Data, Data Analytics, and Cloud Computing and etc.



