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Syllabus… 
Sensors in Automation : Sem. VI, E & TC Engineering (SPPU) 

Teaching Scheme : Credits Examination Scheme : 

Theory : 03 Hrs/Week      03 In-Sem (Theory) : 30 Marks  

   End-Sem (Theory) : 70 Marks  

Prerequisite Courses, if any : -- 

1. Basic Electrical Engineering 

2. Basic Electronics Engineering 

 

 Companion Course, if any :   Sensors in Automation Lab 

Course Objectives : To make the students understand about : 

1. Concept of Sensors / Transducers and their Static and Dynamic Characteristics. 

2. Sensors used in Industry for Temperature and Humidity Measurement. 

3. Sensors  used for Sensors used for Force, Pressure, Stress  and Flow measurements. 

4. Sensors used for Displacement and Level Measurement. 

5. Applications of Image and Biosensors. 

6. Role of  Sensors / Transducers in IoT applications. 

 

Course Outcomes : On completion of the course, learner will be able to 

CO1 :  Understand the Concepts of Sensors / Transducers, classify and evaluate static and Dynamic 

Characteristics of Measurement Systems. 

CO2 : Choose the proper sensor comparing different standards and guidelines for measurements of  

Temperature and Humidity. 

CO3 :  Choose the proper sensor comparing different standards and guidelines for measurements of Force, 

Pressure, Stress  and Flow 

CO4 : Choose the proper sensor comparing different standards and guidelines for measurements of 

Displacement, Vibration, Acceleration and Level 

CO5 : Explore sensors to profound areas like environmental, Agricultural and bio-medical equipment and 

sustainability. 

CO6 : Explore IoT based applications of Sensors and Transducers. 
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Course Contents 

Unit I 

Introduction to Sensors &Transducers  : 

Concept of sensor, Concept of transducer, Comparison between sensors and transducers , Role of sensors 

in automation, Broad classification of sensors and transducers, Role of transducer in measurement 

systems, Block diagram measurement system, Study of static and dynamic characteristics of 

measurement systems : Accuracy, Precision, Reproducibility, Linearity, Repeatability, Resolution, 

Sensitivity, Range, Span, Dead Zone, Hysteresis, Backlash, Dynamic characteristics : Fidelity, Time 

response and frequency response, Classification of errors : Error analysis. Concept and basic principle of 

working of resistive, capacitive and inductive sensors. (Refer Chapter 1) 

Mapping of Course Outcomes for Unit I : 

CO1 :  Understand the concepts of Sensors / Transducers,  classify and evaluate static and Dynamic   
Characteristics of Measurement Systems. 

Unit II 

Sensors for Temperature and Humidity Measurement  :  

Temperature Measurement : Units of temperature measurement / Temperature measurement scales ; 

Celsius scale, Fahrenheit scale, Kelvin scale, Rankine scale - unit conversions, Broad classification of 

Temperature, Transducers, RTD (e.g. PT-100), Thermocouple, Thermistors, Optical fiber sensors. (Basic 

principle of working, Selection criteria, Installation and Calibration, Signal conditioning  

(e.g.  Instrumentation amplifier (with AD-620). DC bridge : Wheatstone bridges, AC Bridge : Wein bridge, 

Schering bridge, Signal Conditioning : 2-Wire, 3-Wire and 4-Wire compensation. IR Temperature 

Sensor : MLX90614 ESF non-contact human body infrared temperature measurement module. Smart 

temperature and Solid state sensors : LM35, AD590 (Only for real time application / implementation in 

project based learning) Humidity : Hygrometer, Soil humidity sensor, Soil hygrometer (DHT11, TI 

HDC1050). (Refer Chapter 2) 

Mapping of Course Outcomes for Unit II : 

CO3 : Choose the proper sensor comparing different standards and guidelines for measurements of  
Temperature and Humidity. 

Unit III 

Sensors for Force, Pressure, Stress and Flow  : 

(Basic principle of working, Selection criteria, Installation and Calibration, Signal conditioning) 
pressure scales : Newton, Bar, Pascal, PSI - unit conversions, Absolute, Gauge and Vacuum pressure. 
Classification of pressure sensors : Strain gauge (Load cell using strain gauge), Piezoelectric transducer, 
Solid state pressure sensors (IC’s like GY-63 MS5611-01BA03 to be discussed) Differential pressure 
transducer flow measurement (Only Mention of basic principle of working, Bernoulli's theorem), 
Orifice, Venturi, Nozzle flow meter (only Descriptive), Pneumatic sensors (Bellows, Diaphragm), 
Ultrasonic and Hall effect sensors for flow measurement, Solid state flow sensors :  
YF-S201, E8FC-25D, Fiber-optic sensors. (Refer Chapter 3) 
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Mapping of Course Outcomes for Unit III : 

CO3 :  Choose the proper sensor comparing different standards and guidelines for measurements of 
Force, Pressure, Stress and Flow. 

Unit IV 

Sensors for Displacement, Vibration, Acceleration and Level : 

(Basic principle of working, Selection criteria, Installation and Calibration, Signal conditioning) 
Classification of displacement sensors : Potentiometer, Strain-gauged element, Capacitive element, 
Differential transformers, Eddy current proximity sensors, Inductive and Capacitive proximity switch, 
Optical encoders. Pneumatic sensors (Bellows, Diaphragm), Hall effect sensors, Accelerometer, 
Gyroscope and Magnetometer (ADXL335 / 345), Electro-optical sensors, Position encoders. 

(Refer Chapter 4) 

Mapping of Course Outcomes for Unit IV : 

CO4 :  Choose the proper sensor comparing different standards and guidelines for measurements of 
Displacement, Vibration, Acceleration and Level. 

Unit V 

Sensors in Environmental Studies, Bio Sensors :  

Charge-coupled and CMOS image sensors, Biosensors : Resonant mirror, Electrochemical, Surface 
plasmon resonance, Light addressable potentio-metric., pH measurement, CMOS MQ-2 smoke LPG 
butane hydrogen gas sensor detector module (MQ-3 alcohol detector gas sensor module MQ 135 air 
quality / Gas detector sensor module for Arduino data sheet MLX90614 non-contact temperature 
sensor), Camera sensor Ultrasonic proximity, Colour sensors, Light sensors like light dependent resistance 
(LDR), Photo diode, Photo transistors, RFID sensors, e.g. EM-18 module, Applications RFID sensors, MEMS 
and NEMS sensors. (Refer Chapter 5) 

Mapping of Course Outcomes for Unit V : 

CO5 : Explore sensors to profound areas like environmental, Agricultural and bio-medical equipment 
and sustainability. 

Unit VI 

Latest trends in Sensors Applications : 

Basic concept of data acquisition systems (Block diagram understanding), Basic concept of IoT, Sensor 
interface in IoT systems. Case study 1 : IoT based agriculture / greenhouse systems. (Block diagram)  
(Mention of optical sensors, Electro-chemical sensors, Mechanical sensors, Dielectric soil moisture 
sensors, Air flow sensors may be considered) Case study 2 : IoT based healthcare systems. (Block 
diagram) (Mention of ECG module, Temperature, Humidity, Accelerometer, Oxygen level, Heart 
rate sensors) Case Study 3 : IoT based automobile sector (Engine management system) (Mention of 
fuel level, Ignition, Exhaust sensors) (Refer Chapters 6) 

Mapping of Course Outcomes for Unit VI : 

CO6 : Explore IoT based applications of Sensors and Transducers. 

 
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Unit I 

Chapter 1 : Introduction to Sensors and Transducers 
 1-1 to 1-30 

Syllabus : Concept of sensor, Concept of transducer, 

Comparison between sensors and transducers , Role of 

sensors in automation, Broad classification of sensors and 

transducers, Role of transducer in measurement systems, 

Block diagram measurement system, Study of static and 

dynamic characteristics of measurement systems : 

Accuracy, Precision, Reproducibility, Linearity, 

Repeatability, Resolution, Sensitivity, Range, Span, Dead 

Zone, Hysteresis, Backlash, Dynamic characteristics : 

Fidelity, Time response and frequency response, 

Classification of errors : Error analysis. Concept and 

basic principle of working of resistive, capacitive and 

inductive sensors. 

1.1 Introduction  ............................................................................ 1-2 

1.1.1 Concept of Sensor  ............................................. 1-2 

1.1.2 Concept of Transducer  .................................... 1-2 

1.1.3 Difference between Sensor and  

Transducer  ............................................................ 1-2 

1.1.4 Comparison of Sensors and  

Transducers  .......................................................... 1-3 

1.2 Role of Sensors in Automation  ....................................... 1-3 

1.3  Classification of Sensors  .................................................... 1-3 

1.3.1 Classification Based on Transduction 

Principle  ................................................................. 1-4 

1.3.2 Classification Based on Power Supply 

Requirement  ........................................................ 1-4 

1.3.3 Classification Based on Applications  ......... 1-4 

1.3.4 Classification Based on Property  ................. 1-5 

1.4 Classification of Transducers  ........................................... 1-5 

1.4.1 Active Transducers  ............................................ 1-5 

1.4.2 Passive Transducers  .......................................... 1-5 

1.4.3 Classification Based on Quantity to be 

Measured  .............................................................. 1-6 

1.4.4 Analog or Digital Transducers  .......................1-6 

1.4.5 Primary or Secondary Transducers  .............1-6 

1.5 Characteristics of a Transducer  .......................................1-7 

1.6 Selection Criteria for Transducers  ..................................1-7 

1.7 Role of Transducers in Measurement Systems  .........1-9 

1.8 Block Diagram of Measurement System  .....................1-9 

1.9  Characteristics of Measurement System  .................. 1-11 

1.10 Static Characteristics  ......................................................... 1-12 

1.10.1 Accuracy  .............................................................. 1-12 

1.10.2 Static Sensitivity  ............................................... 1-12 

1.10.3 Precision  .............................................................. 1-13 

1.10.4 Linearity  ............................................................... 1-13 

1.10.5 Resolution  ........................................................... 1-14 

1.10.6 Repeatability  ...................................................... 1-14 

1.10.7 Range  .................................................................... 1-14 

1.10.8 Tolerance  ............................................................. 1-14 

1.10.9 Hysteresis  ............................................................ 1-14 

1.10.10 Reproducibility  .................................................. 1-15 

1.10.11 Threshold  ............................................................ 1-15 

1.10.12  Dead Time  .......................................................... 1-15 

1.10.13 Dead Zone  .......................................................... 1-16 

1.11 Dynamic Characteristics  .................................................. 1-16 

1.11.1 Dynamic Characteristics  ................................ 1-16 

1.11.2 Speed of Response  ......................................... 1-16 

1.11.3 Fidelity  .................................................................. 1-17 

1.11.4 Measuring Lag  .................................................. 1-17 

1.11.5 Dynamic Error  ................................................... 1-17 

1.12 Dynamic Analysis of Measurement Systems  .......... 1-17 

1.12.1 Time Domain Analysis  ................................... 1-17 

1.12.2 Frequency Domain Analysis  ........................ 1-18 

1.13 Error in Measurement  ...................................................... 1-18 

1.13.1 Expected Value  ................................................. 1-18 
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1.13.2 Error of Measurement  .................................... 1-19 

1.13.3 Absolute Error  ................................................... 1-19 

1.13.4  Percentage of Error  ......................................... 1-19 

1.13.5 Classification of Errors  ................................... 1-20 

1.14 Static Errors  ........................................................................... 1-20 

1.14.1 Gross Errors  ........................................................ 1-21 

1.14.2 Systematic Errors  ............................................. 1-21 

1.14.3  Types of Systematic Errors  ........................... 1-21 

1.14.4 Random Errors  .................................................. 1-22 

1.15 Sources of Errors ................................................................. 1-22 

1.16 Resistive Sensors  ................................................................ 1-23 

1.16.1 Potentiometer  ................................................... 1-23 

1.16.2 Advantages of Potentiometers  .................. 1-24 

1.16.3 Disadvantages of Potentiometers ............. 1-24 

1.17 Inductive Sensors  ............................................................... 1-24 

1.17.1 Inductive Sensor Based on  

Variation of Self Inductance  ........................ 1-25 

1.17.2 Variable Reluctance Inductive Sensor  ..... 1-26 

1.17.3  Inductive Sensors Based on Change in 

Mutual Inductance  .......................................... 1-26 

1.18 Capacitive Sensors  ............................................................. 1-27 

1.18.1 Types of Capacitive Sensors  ........................ 1-27 

1.18.2 Sensor with Varying Separation between 

Electrodes ............................................................. 1-27 

1.18.3 Sensor with Variable Electrode Area ........ 1-28 

1.18.4 Sensor with Variable Dielectric  

Constant  .............................................................. 1-28 

1.18.5 A Three Plate Capacitor  ................................. 1-28 

1.18.6 Cylindrical Capacitive Sensor  ...................... 1-28 

1.18.7 Equivalent circuit of Capacitive Sensor .... 1-29 

1.18.8 The Parallel Plate Capacitive Sensor ......... 1-29 

 Review Questions ........................................... 1-30 

Unit II 

Chapter 2 :  Sensors for Temperature & Humidity 
Measurement 2-1 to 2-46 

Syllabus : Temperature Measurement : Units of 

temperature measurement / Temperature measurement 

scales ; Celsius scale, Fahrenheit scale, Kelvin scale, 

Rankine scale - unit conversions, Broad classification of 

Temperature, Transducers, RTD (e.g. PT-100), 

Thermocouple, Thermistors, Optical fiber sensors. (Basic 

principle of working, Selection criteria, Installation and 

Calibration, Signal conditioning (e.g. Instrumentation 

amplifier (with AD-620). DC bridge : Wheatstone bridges, 

AC Bridge : Wein bridge, Schering bridge, Signal 

Conditioning : 2-Wire, 3-Wire and 4-Wire compensation. 

IR Temperature Sensor : MLX90614 ESF non-contact 

human body infrared temperature measurement module. 

Smart temperature and Solid state sensors : LM35, 

AD590 (Only for real time application / implementation in 

project based learning) Humidity : Hygrometer, Soil 

humidity sensor, Soil hygrometer (DHT11, TI HDC1050). 

2.1 Introduction  .............................................................................2-3 

2.1.1  Units of Temperature Measurement  ..........2-3 

2.2 Temperature Scales  ..............................................................2-3 

2.2.1 Types of Temperature Scales  .........................2-3 

2.2.2  Fahrenheit Scale  ..................................................2-3 

2.2.3  Celsius Scale  .........................................................2-4 

2.2.4 Kelvin Scale  ...........................................................2-4 

2.2.5 Rankine Scale  .......................................................2-5 

2.2.6  Comparison of Temperature Scales ............2-6 

2.2.7  Conversion Formulae  ........................................2-6 

2.3 Signal Conditioning  ..............................................................2-6 

2.3.1 DC Signal Conditioning System  ...................2-7 

2.4 Wheatstone’s Bridge  ............................................................2-7 

2.4.1 Wheatstone’s Bridge  .........................................2-7 

2.4.2 Use of Wheatstone’s Bridge in Signal 

Conditioning  .........................................................2-8 
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2.4.3 Limitations of Wheatstone’s Bridge  ........... 2-9 

2.4.4  Applications of Wheatstone’s Bridge  ........ 2-9 

2.4.5  Amplifier following the Wheatstone’s  

Bridge  ..................................................................... 2-9 

2.5 Instrumentation Amplifier  ................................................. 2-9 

2.6 AD620 Instrumentation Amplifier .................................. 2-9 

2.6.1 AD620 Features and Specifications  .......... 2-10 

2.6.2  Typical Connection Diagram of AD620  .. 2-10 

2.6.3 Applications of AD620  ................................... 2-10 

2.7 AC Signal Conditioning System  .................................... 2-10 

2.8 AC Bridges  ............................................................................. 2-11 

2.8.1 The Wien Bridge  ............................................... 2-11 

2.8.2 Expressions for Output Voltage and 

Frequency (f)  ...................................................... 2-12 

2.8.3 Advantages of Wien Bridge  ......................... 2-13 

2.8.4 Disadvantages of Wien Bridge  ................... 2-13 

2.8.5 Application of Wien Bridge  ......................... 2-13 

2.9 Schering Bridge  ................................................................... 2-13 

2.9.1 Measurement of RX and CX  ........................ 2-14 

2.9.2 Measuring the Dissipation Factor D  ........ 2-14 

2.9.3 P.F. Measurement  ............................................ 2-14 

2.9.4 Advantages of Schering Bridge  ................. 2-15 

2.9.5 Applications of Schering Bridge  ................ 2-15 

2.10  Temperature Sensors / Transducers  ........................... 2-15 

2.10.1 Resistance Type Temperature  

Sensors (RTD)  .................................................... 2-15 

2.10.2  Types of Temperature Transducers  .......... 2-16 

2.10.3  Platinum Resistance  

Thermometer (PRT)  ......................................... 2-16 

2.10.4  Probe Type Resistance Thermometer  ..... 2-16 

2.10.5 Well Type Resistance Thermometer  ........ 2-17 

2.10.6  Measurement Technique using  

the RTD  ................................................................ 2-17 

2.10.7 High Sensitivity Circuit  ................................... 2-17 

2.10.8 Advantages of RTD  ......................................... 2-17 

2.10.9 Disadvantages of RTD  ................................... 2-18 

2.11 PT100 Platinum Resistance Thermometers  ............. 2-18 

2.11.1  Construction  ...................................................... 2-18 

2.11.2  Risk of Self-Heating  ........................................ 2-20 

2.11.3 PT100 Sensor with Microcontroller  .......... 2-20 

2.11.4 Features  ............................................................... 2-21 

2.11.5 Advantages of PT 100  .................................... 2-21 

2.11.6 Disadvantages of PT 100  .............................. 2-21 

2.11.7 Applications of PT 100 ................................... 2-21 

2.12 Signal Conditioning 2 Wire, 3 Wire and 4 Wire 
Compensation  ..................................................................... 2-22 

2.12.1  RTD Wiring Configurations .......................... 2-22 

2.12.2 2-Wire RTD Connections  .............................. 2-22 

2.12.3 3-Wire RTD Connections  .............................. 2-22 

2.12.4 4-Wire RTD Connections  .............................. 2-24 

2.13 Thermistors  ........................................................................... 2-24 

2.13.1 Types of Thermistors  ...................................... 2-25 

2.13.2 NTC Thermistors  .............................................. 2-25 

2.13.3 PTC Thermistors  ............................................... 2-25 

2.13.4 Construction of Thermistors  ....................... 2-25 

2.13.5 V- I Characteristic of Thermistor  ............... 2-25 

2.13.6 Current-Time Characteristic  ........................ 2-26 

2.13.7 Measurement Technique using a  

Thermistor  .......................................................... 2-26 

2.13.8 Disadvantages of Thermistor  ...................... 2-26 

2.13.9  Applications of Thermistor  .......................... 2-27 

2.13.10  Comparison of NTC and PTC  

Thermistors  ........................................................ 2-27 

2.14 Thermocouples  ................................................................... 2-27 

2.14.1 Construction and Operation of 

Thermocouple  ................................................... 2-28 

2.14.2 Materials used for Thermocouples  .......... 2-28 

2.14.3 Temperature Characteristics  ....................... 2-28 
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Sensing Method  ............................................... 2-34 

2.18 Temperature Sensor IC LM35  ........................................ 2-35 

2.18.1 Connection Diagram  ...................................... 2-35 
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2.18.3 LM35 Applications  ........................................... 2-36 
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Unit III 

Chapter 3 : Sensors for Force, Pressure, Stress & Flow 
 3-1 to 3-26 

Syllabus : (Basic principle of working, Selection 

criteria, Installation and Calibration, Signal 

conditioning) pressure scales : Newton, Bar, Pascal, PSI 

- unit conversions, Absolute, Gauge and Vacuum pressure. 

Classification of pressure sensors : Strain gauge (Load 

cell using strain gauge), Piezoelectric transducer, Solid 

state pressure sensors (IC’s like GY-63 MS5611-01BA03 

to be discussed) Differential pressure transducer flow 

measurement (Only Mention of basic principle of 

working, Bernoulli's theorem), Orifice, Venturi, Nozzle 

flow meter (only Descriptive), Pneumatic sensors 

(Bellows, Diaphragm), Ultrasonic and Hall effect sensors 

for flow measurement, Solid state flow sensors :  

YF-S201, E8FC-25D, Fiber-optic sensors. 

3.1 Force ........................................................................................... 3-2 
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3.4.4 Capacitive Pressure Sensor  ............................ 3-6 

3.4.5 Electromagnetic Pressure Sensor  ................ 3-6 

3.4.6  Piezoelectric Pressure Sensor  ....................... 3-7 

3.4.7 Strain-Gauge Pressure Sensor  ...................... 3-7 

3.4.8 Optical Pressure Sensor  .................................. 3-7 

3.4.9 Potentiometric Pressure Transducer  .......... 3-7 

3.4.10 Other Pressure Sensors  ................................... 3-8 
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3.4.12 Thermal Pressure Sensors  ...............................3-8 

3.4.13 Ionization Pressure Sensors  ...........................3-8 

3.5 Strain Gauge Pressure Sensor  ..........................................3-8 
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3.5.2 Types of Strain Gauges  ....................................3-9 

3.5.3 Foil Strain Gauges  ..............................................3-9 

3.5.4 Semiconductor Strain Gauge  .........................3-9 

3.5.5  Load Cell (Pressure Cell)  ............................... 3-10 

3.5.6 Strain Gauge Load Cell  .................................. 3-10 

3.5.7 Electronic Weighing Machine  

(Load Cell Application)  .................................. 3-11 

3.6 Piezoelectric Pressure Sensors ...................................... 3-12 

3.7 Solid State Pressure Sensor GY 63 MS5611  ............ 3-12 

3.7.1 Features  ............................................................... 3-13 

3.7.2 Specifications  .................................................... 3-13 

3.7.3 Functional Block Diagram  ............................ 3-13 

3.7.4 Applications  ....................................................... 3-14 

3.8 Flow Measurement  ............................................................ 3-14 

3.8.1  Mechanical Flow Meter  ................................. 3-15 

3.8.2 Differential Pressure Transducer Flow 

Measurement  .................................................... 3-15 

3.9 Bernoulli’s Theorem  .......................................................... 3-15 

3.10 Orifice Flow Meter  ............................................................. 3-17 

3.10.1 Advantages of Orifice Flow Meter  ............ 3-17 

3.10.2  Applications of Orifice Meter  ..................... 3-17 

3.11 Venturi Flow Meter  ............................................................ 3-17 

3.11.1 Venturi Flow Meter  ......................................... 3-18 

3.11.2  Advantages of Venturi Flow Meters  ........ 3-18 

3.11.3 Limitations of Venturi Flow Meters  .......... 3-19 
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3.12 Nozzle Flow Meter  ............................................................. 3-19 

3.12.1 Advantages of Flow Nozzle Meter  ........... 3-20 

3.12.2  Disadvantages of Flow Nozzle Meter  ..... 3-20 
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3.12.3 Applications of the Flow  

Nozzle Meter  ..................................................... 3-20 

3.13   Pneumatic Pressure Sensors  ......................................... 3-20 

3.13.1 Diaphragms  ........................................................ 3-21 

3.13.2  Bellows  ................................................................. 3-21 

3.13.3 Bellow and LVDT Based Pressure  

Sensors  ................................................................. 3-21 

3.13.4 Advantages of Bellows  .................................. 3-22 

3.13.5 Disadvantages of Bellows  ............................. 3-22 

3.14  Ultrasonic Flow Meter  ...................................................... 3-22 

3.15 Hall Effect Sensor for Flow Measurement  ................ 3-23 

3.15.1 Features  ............................................................... 3-23 

3.15.2 Limitation  ............................................................ 3-24 

3.16 Solid State Flow Sensors  ................................................. 3-24 
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Sensor  ................................................................... 3-24 

3.16.2 E8FC-25D (IoT Flow Sensor)  ........................ 3-24 

3.17 Fibre Optic Flow Sensor .................................................... 3-25 

 Review Questions ........................................... 3-26 

Unit IV 

Chapter 4 :  Sensors for Displacement, Vibration, 
Acceleration and Level 4-1 to 4-34 

Syllabus : (Basic principle of working, Selection 

criteria, Installation and Calibration, Signal 

conditioning) Classification of displacement sensors : 

Potentiometer, Strain-gauged element, Capacitive element, 

Differential transformers, Eddy current proximity sensors, 

Inductive and Capacitive proximity switch, Optical 

encoders. Pneumatic sensors (Bellows, Diaphragm), Hall 

effect sensors, Accelerometer, Gyroscope and 

Magnetometer (ADXL335 / 345), Electro-optical sensors, 

Position encoders. 

4.1 Displacement Sensors.......................................................... 4-2 

4.1.1  Classification of Displacement Sensors  .... 4-2 

4.1.2  Potentiometric Displacement Sensors  ...... 4-2 

4.1.3  Variable Reluctance (Inductive) Displacement 

Sensor  ......................................................................4-3 

4.1.4 Capacitive Displacement Sensor  ..................4-3 

4.2 Strain Gauge Displacement Sensor  ...............................4-4 

4.2.1 Signal Conditioning  ...........................................4-5 

4.2.2 Advantages  ...........................................................4-5 

4.3 LVDT Based Displacement Sensor  .................................4-5 

4.3.1 Signal Conditioning  ...........................................4-7 

4.3.2 Advantages of LVDT Displacement  

Sensor  ......................................................................4-7 

4.3.3 Disadvantages of LVDT Displacement  

Sensor  ......................................................................4-7 

4.4 Proximity Sensors  ..................................................................4-7 

4.4.1 Types of Proximity Sensor  ..............................4-7 

4.4.2 Inductive Proximity Sensors  ...........................4-7 

4.4.3 Capacitive Proximity Sensors  .........................4-8 

4.4.4 Photoelectric Proximity Sensors  ...................4-8 

4.4.5 Magnetic and Ultrasonic  

Proximity Sensors  ...............................................4-8 

4.5 Eddy Current Proximity Sensor  ........................................4-8 

4.5.1 Selection Criteria  .................................................4-9 

4.5.2  Advantages  ...........................................................4-9 

4.5.3  Applications of Eddy Current Proximity 

Sensors  ................................................................. 4-10 

4.6 Inductive Proximity Switch  ............................................. 4-10 

4.6.1 Advantages of Inductive  

Proximity Sensors  ............................................ 4-10 

4.6.2 Disadvantages of Inductive  

Proximity Sensor  .............................................. 4-10 

4.6.3 Applications of Inductive  

Proximity Switches  .......................................... 4-10 

4.7 Capacitive Proximity Sensors  ........................................ 4-10 

4.7.1 Advantages of Capacitive  

Proximity Sensor  .............................................. 4-11 

4.7.2 Disadvantages of Capacitive Proximity 

Sensors  ................................................................. 4-12 
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Proximity Sensors  ............................................ 4-12 
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Capacitive Proximity Sensors  ...................... 4-12 

4.8 Optical Encoders  ................................................................. 4-12 
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4.9 Measurement of Vibrations  ........................................... 4-13 

4.9.1 Nature of Vibrations  ....................................... 4-13 

4.9.2 Quantities Involved in Vibration 

Measurements  .................................................. 4-14 

4.10 Seismic Transducers  .......................................................... 4-14 

4.11 Accelerometers  .................................................................... 4-14 

4.11.1  Types of Accelerometers  .............................. 4-15 

4.11.2 Potentiometric Accelerometer  ................... 4-15 

4.11.3 LVDT Accelerometers  ..................................... 4-16 

4.11.4 Piezoelectric Accelerometer  ........................ 4-16 

4.12 Hall Effect Sensors .............................................................. 4-17 

4.12.1 Applications of Hall Effect Sensor  ............. 4-18 

4.12.2  Measurement of Displacement  .................. 4-19 

4.13 Pneumatic Sensors  ............................................................. 4-19 

4.14 Level Measurement  ........................................................... 4-19 

4.14.1  Types of Level Sensors  .................................. 4-19 

4.14.2 Resistive Level Sensor  .................................... 4-19 

4.14.3  Inductive Liquid Level Sensor  ..................... 4-20 

4.14.4 Inductive Level Sensor using  

Transformer  ........................................................ 4-21 

4.15 Capacitive Level Sensor Method  .................................. 4-21 

4.15.1 Variable Area Method  .................................... 4-21 

4.15.2 Capacitive Voltage Divider Method  ......... 4-22 

4.15.3  Variable Dielectric Constant Method  ...... 4-22 

4.15.4 Signal Conditioning  ........................................ 4-23 

4.16 Pneumatic Method of Level Measurement  ............. 4-23 

4.17  Ultrasonic Level Measurement  ..................................... 4-24 

4.17.1  Ultrasonic Solid Level Detector  .................. 4-24 

4.18  Fibre Optic Liquid Level Sensing  ................................. 4-24 

4.19 Gyroscope  ............................................................................. 4-25 

4.19.1 Types of Gyroscopes  ...................................... 4-26 

4.19.2  Optical Gyroscopes  ......................................... 4-27 

4.19.3  Gyroscope Applications  ................................ 4-27 

4.20  Magnetometer  .................................................................... 4-28 

4.20.1 Types of Magnetometer  ............................... 4-28 

4.20.2 Specifications of Magnetometers  ............. 4-29 

4.21 Digital Accelerometer ADXL 345  ................................. 4-29 

4.21.1  Features  ............................................................... 4-30 

4.21.2 Pin Configuration  ............................................. 4-30 

4.21.3 Pin Description  ................................................. 4-30 

4.21.4 Absolute Maximum Ratings  ........................ 4-31 

4.21.5 Functional Block Diagram  ............................ 4-31 

4.21.6 Typical Connection Diagram ....................... 4-32 

4.21.7 Applications  ....................................................... 4-32 

4.22 Position Encoders  ............................................................... 4-32 

4.22.1 Types of Position Sensors  ............................ 4-32 

4.22.2 Digital Position Sensor ................................... 4-33 

 Review Questions ........................................... 4-34 

Unit V 

Chapter 5 :  Sensors in Environmental Studies,  
 Bio-Sensors 5-1 to 5-40 

Syllabus : Charge-coupled and CMOS image sensors, 

Biosensors : Resonant mirror, Electrochemical, Surface 

plasmon resonance, Light addressable potentio-metric., pH 

measurement, CMOS MQ-2 smoke LPG butane hydrogen 

gas sensor detector module (MQ-3 alcohol detector gas 

sensor module MQ 135 air quality / Gas detector 

sensor module for Arduino data sheet MLX90614 non-

contact temperature sensor), Camera sensor Ultrasonic 

proximity, Colour sensors, Light sensors like light 

dependent resistance (LDR), Photo diode, Photo 

transistors, RFID sensors, e.g. EM-18 module, Applications 

RFID sensors, MEMS and NEMS sensors. 
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5.1 Image Sensors ......................................................................... 5-2 
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5.5.1 Advantages  ........................................................... 5-8 

5.5.2  Disadvantages  ..................................................... 5-8 
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5.7.1  Types of pH Sensors  ....................................... 5-10 
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Sensor interface in IoT systems. Case study 1 : IoT based 
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Mechanical sensors, Dielectric soil moisture sensors, 

Air flow sensors may be considered) Case study 2 : IoT 
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