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UNIT -V

Smart Sensors
1. INTRODUCTION TO SMART SENSORS

A Smart Sensor is a sensor integrated with signal conditioning, processing, and

communication capabilities.
Basic Structure

Physical Quantity

!
Primary Sensor
!
Signal Conditioning
!
Microprocessor
!
Communication Interface
!
Output
Features
e Self-calibration
o Self-diagnosis
o Data processing
o Digital communication
e High accuracy
Advantages
e Improved reliability
e Reduced noise
o Easy interfacing
e Remote monitoring
Applications

e Industrial automation

e Robotics

e Automotive systems

e Smart homes

e Environmental monitoring
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2. PRIMARY SENSORS

Definition

The sensing element that directly responds to the physical quantity being measured.
Functions

o Detects physical parameters
o Converts physical quantity into electrical signal

Examples
e Thermocouple
o Strain Gauge
e LDR
o Hall Sensor
Characteristics
e High sensitivity

o Fast response
e Good accuracy

3. EXCITATION

Definition

The external energy supplied to a sensor for proper operation.
Purpose

e Activate passive sensors
e Improve sensor output

Types

« DC Excitation
o AC Excitation

Examples

o Strain Gauge Bridge Circuits
e LVDT Sensors

Advantages
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Better signal quality
Improved accuracy

4. AMPLIFICATION
Definition
Process of increasing weak sensor signals.
Need
Sensor outputs are often very small and require amplification.
Types
o Voltage Amplifier
e Current Amplifier
e Instrumentation Amplifier

Advantages

e Increased signal strength
o Better measurement accuracy

Applications
o Biomedical instruments

e Industrial sensors
e Communication systems

5. FILTERS

Definition

Electronic circuits used to remove unwanted noise from sensor signals.
Types

Low Pass Filter

Passes low frequencies.
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High Pass Filter

Passes high frequencies.
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Passes selected frequency range.
Band Stop Filter
Rejects selected frequency range.
Applications

« Noise reduction

« Signal conditioning
e Instrumentation

6. CONVERTERS
Definition
Devices used to convert one form of signal into another.
Types
Analog-to-Digital Converter (ADC)
Converts analog signal to digital signal.
Digital-to-Analog Converter (DAC)
Converts digital signal to analog signal.
Importance
o Digital processing

o Computer interfacing
e Automation systems

7. COMPENSATION

Definition

Technique used to reduce measurement errors caused by environmental factors.
Errors Compensated

e Temperature effects
e Humidity effects
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o Aging effects

Methods

o Hardware Compensation
o Software Compensation

Advantages

e Improved accuracy
o Better stability

8. INFORMATION CODING AND PROCESSING
Information Coding
Conversion of sensor data into digital format for processing and transmission.
Common Coding Methods
e Binary Coding
e BCD Coding
e ASCII Coding

Information Processing

Operations performed on sensor data:

e Filtering

o Amplification

o Calibration

e Error Correction
e Signal Analysis

Benefits
¢ Reliable data

o Efficient communication
o Better decision making

9. DATA COMMUNICATION
Definition
Transfer of sensor information from one device to another.
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Wired Communication

USB
RS-232
RS-485
Ethernet

Wireless Communication

e  Wi-Fi

e Bluetooth

e ZigBee

e RFID
Advantages

e Remote monitoring
e Real-time control
o Data sharing

10. STANDARDS FOR SMART SENSOR INTERFACE
Need

Provides compatibility among sensors and control systems.
Common Standards

IEEE 1451

Standard for smart sensor communication.

12C

Short-distance communication protocol.

SPI

High-speed serial communication.

CAN Bus

Automotive communication network.

Modbus
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Advantages
o Easy integration
e Interoperability
e Reduced wiring
AUTOMATION SENSOR APPLICATIONS
11. INTRODUCTION TO AUTOMATION SENSORS
Definition
Automation sensors are sensors used in automatic monitoring and control systems.
Functions
o Detect system conditions

e Provide feedback
« Enable automatic control

Applications
e Manufacturing
e Robotics
e Automotive systems
e Smart homes

12. ON-BOARD AUTOMOBILE SENSORS (AUTOMOTIVE SENSORS)
Definition

Sensors installed in vehicles for monitoring and control.

Types

Temperature Sensors

Monitor engine temperature.

Oxygen Sensors

Measure oxygen in exhaust gases.

Speed Sensors
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Pressure Sensors
Monitor fuel and tire pressure.
Position Sensors
Measure throttle and crankshaft position.
Applications
e Engine control
e ABS systems

e Airbag systems
e Fuel management

13. HOME APPLIANCE SENSORS
Definition
Sensors used in domestic appliances.
Examples
Temperature Sensors
Used in refrigerators and ovens.
Humidity Sensors
Used in air conditioners.
Motion Sensors
Used in security systems.
Water Level Sensors
Used in washing machines.
Applications

e Smart homes

e Energy management
e Home security
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Definition
Sensors used in aircraft and spacecraft.
Types
Pressure Sensors
Measure altitude and cabin pressure.
Temperature Sensors
Monitor engine temperature.
Accelerometers
Measure acceleration.
Gyroscopes
Measure angular motion.
Applications

o Flight control

o Navigation

e Engine monitoring
e Space missions

15. SENSORS FOR MANUFACTURING
Definition

Sensors used in industrial production and automation.
Types

Proximity Sensors

Obiject detection.

Position Sensors

Machine positioning.

Force Sensors
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Vision Sensors
Quality inspection.
Applications

e CNC machines

e Robotics

e Assembly lines

e Quality control
Advantages

e Increased productivity

e Reduced human error
e Improved quality

16. SENSORS FOR ENVIRONMENTAL MONITORING
Definition

Sensors used to monitor environmental conditions.
Types

Temperature Sensors

Measure atmospheric temperature.

Humidity Sensors

Measure moisture content.

Gas Sensors

Detect pollutants.

pH Sensors

Measure water quality.

Radiation Sensors

Monitor radiation levels.

Applications
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Pollution control

Water quality monitoring

Agriculture

Climate research

IMPORTANT EXAM POINTS
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v Smart Sensor — Sensor with processing and communication capability.

v Primary Sensor — Directly senses physical quantity.

v Excitation — External energy supplied to sensor.

v Amplification — Increases signal strength.
v Filter — Removes noise.

v ADC — Analog to Digital Converter.

v Compensation — Error correction technique.

v Data Communication — Transfer of sensor data.

IMPORTANT STANDARDS

IEEE 1451

Standard for smart sensor interfaces.
12C

Inter-Integrated Circuit communication.
SPI

Serial Peripheral Interface.

CAN Bus

Automotive communication standard.
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APPLICATION-BASED QUESTIONS
Automotive Sensors

o Oxygen Sensor

e Speed Sensor

e Temperature Sensor
e Pressure Sensor

Home Appliance Sensors

o Temperature Sensor
« Motion Sensor
« Water Level Sensor

Aerospace Sensors

o Accelerometer
o Gyroscope
e Pressure Sensor

Manufacturing Sensors

e Proximity Sensor
e Vision Sensor
« Force Sensor

Environmental Monitoring Sensors

o Gas Sensor

e pH Sensor

e Humidity Sensor
« Radiation Sensor
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FREQUENTLY ASKED 5-MARK QUESTIONS

Smart Sensors

Primary Sensors

Amplification and Filters

ADC and DAC

Data Communication

IEEE 1451 Standard

Automotive Sensors
Environmental Monitoring Sensors

ONogakrwdPE
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FREQUENTLY ASKED 10-MARK QUESTIONS

Smart Sensor Architecture and Working
Signal Conditioning in Smart Sensors
Standards for Smart Sensor Interfaces
Automotive Sensors and Applications
Aerospace Sensors

Sensors for Manufacturing Automation
Sensors for Environmental Monitoring

NookrwdpE

QUICK REVISION

v Smart Sensor = Sensor + Processor + Communication
v Primary Sensor = Direct sensing element

v Excitation = External power supply

v Amplifier = Increases signal strength

v Filter = Removes noise

v ADC = Analog — Digital

v |EEE 1451 = Smart sensor standard

v/ Automotive Sensors = Engine, Speed, Pressure

v Aerospace Sensors = Accelerometer, Gyroscope
v Manufacturing Sensors = Proximity, Vision, Force

v Environmental Sensors = Gas, pH, Temperature
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