UNIT -V

Introduction to Smart Sensors
What is a Smart Sensor?
A smart sensor is a sensor integrated with signal processing, communication,
and self-diagnostic capabilities.
Features
*Sensing element
*Signal conditioning
*Analog-to-Digital Conversion (ADC)
*Microprocessor/Microcontroller
Communication Interface
Advantages
*High accuracy
Self-calibration
*Reduced noise
*Digital output
*Easy integration with 10T systems




Block Diagram of a Smart Sensor
Components

1.Primary Sensor

2.Excitation Unit

3.Amplifier

4.Filter

5.Converter (ADC)
6.Compensation Circuit
7.Processor

8.Communication Interface

Flow:

Physical Quantity — Sensor — Amplifier — Filter - ADC — Processor —
Communication NetworK




Primary Sensors

Definition

Primary sensors directly detect physical guantities.
Examples

*Temperature Sensor

*Pressure Sensor

*Humidity Sensor

Light Sensor

*Proximity Sensor

Functions

*Detect environmental changes

*Convert physical parameters into electrical signals




Excitation in Smart Sensors
Excitation

External energy supplied to a sensor for proper operation.
Types

*Voltage Excitation

*Current Excitation

*AC Excitation

*DC Excitation

Importance

sImproves sensitivity

*Enhances measurement accuracy
«Stabilizes sensor output
Applications:

«Strain gauges

*RTDs

«Capacitive sensors




Amplification
Purpose L.
Sensor outputs are often very weak and require amplification, S
Amplifiers Used

*Operational Amplifiers

sInstrumentation Amplifiers

Differential Amplifiers

Benefits

*Increased signal strength

sImproved signal-to-noise ratio

*Better accurack

Filters in Smart Sensors

Purpose

Remove unwanted noise and interference.
Types of Filters

1.Low Pass Filter

2.High Pass Filter

3.Band Pass Filter

4.Digital Filter

Applications

*Biomedical sensors

Industrial automation ,Environmental monitoring




Converters

Analog-to-Digital Converter (ADC) Y-
Converts analog sensor signals into digital data. L
Digital-to-Analog Converter (DAC)

Converts digital information into analog output.

Importance

*Microcontroller compatibility

*Digital signal processing

Data transmission

Slide 9: Compensation Techniques

Compensation

Correcting sensor errors caused by environmental changes.
Sources of Error

*Temperature variations

*Aging effects

*Humidity changes

*Drift

Methods Benefits: Improved reliability, Enhanced accuracy
sImproved reliability

*Enhanced accuracy

«Software Compensation

*Hardware Compensation

Calibration Algorithms




Information Coding and Processing
Information Coding

Converting sensor signals into digital information.

Processing Functions

Signal conditioning

*Error correction

-Data compression

-Data analysis

Benefits

*Fast processing

*Intelligent decision making
*Real-time monitoring

Data Communication in Smart Sensors
Communication Protocols

|2C

*SPI

‘UART

*CAN Bus

*Ethernet

*Wireless (Wi-Fi, Bluetooth, ZigBee)
*omes




Applications

*loT Systems

Smart Homes
Industrial Automation
*Automotive Electronics

Standards for Smart Sensor Interface
|IEEE 1451 Standard

Defines smart transducer interfaces.
Features

*Plug-and-play capability

*Network compatibility
*Self-identification

*Sensor interoperability
Advantages

*Easy integration

«Standard communication
*Reduced development cost
sImproved safety




Introduction to Automation Sensors
Automation Sensors

Sensors used to monitor and control automated systems.
Applications

*Manufacturing

*Transportation

«Aerospace

Home Appliances

*Environmental Monitoring

Benefits

*Increased productivity

*Reduced human in




On-board Automobile Sensors (Automotive Sensors) mim
Common Automotive Sensors e
1.0xygen Sensor

2.Speed Sensor

3.Fuel Level Sensor

4. Temperature Sensor

5.Pressure Sensor

6.Knock Sensor

Functions

*Engine control

*Emission monitoring

*Vehicle safety

*Fuel efficiency improvement




Home Appliance Sensors
Sensors Used in Smart Appliances
*Temperature Sensors
*Humidity Sensors
Water Level Sensors
*Motion Sensors
*Gas Sensors
Applications
*Refrigerators
*Washing Machines
*Air Conditioners
*Microwave Ovens
*Smart Lighting Systems
Benefits:

*Energy efficiency
*User convenience
*Automatic control




Sensors for Manufacturing Y
Industrial Sensors et
*Proximity Sensors

*Position Sensors

*Flow Sensors

*Force Sensors

*Vibration Sensors

Applications

*Robotics

*CNC Machines

*Quality Control

*Production Monitoring

Benefits

*Increased efficiency

*Reduced downtime

*Predictive maintenan




Sensors for Environmental Monitoring %
Environmental Parameters Measured
*Air Quality

*Water Quality

*Temperature

*Humidity

*Radiation Levels

*Noise Pollution

Common Sensors

*Gas Sensors

*pH Sensors

*Humidity Sensors

*Particulate Matter Sensors

Applications

*Weather stations

*Pollution monitoring

*Smart cities

*Climate research




Advantages of Smart Sensors
*High accuracy

Self-calibration

*Reduced maintenance
*Real-time monitoring

*Remote accessibility

*Better decision making

*loT compatibility

Conclusion

*Smart sensors combine sensing, processing, and communication capabilities.
*Signal conditioning improves sensor performance.

«Standard interfaces enable interoperability.

«Automation sensors are essential in automotive, aerospace, manufacturing,
home appliances, and environmental monitoring.

*Smart sensors are the foundation of Industry 4.0 and |oT technologies.




