1. Position

Definition: Measures the spatial location of an object relative to a reference point.

Types of Sensors:
o Optical Encoders: Measure rotational or linear position using light patterns.
o Potentiometers: Measure angular or linear position based on resistance variation.
o Capacitive Sensors: Measure displacement by detecting changes in capacitance.

e Inductive Sensors: Measure position through changes in inductance.

Applications: Robotics, CNC machines, automotive steering position, and manufacturing
equipment.

2. Velocity

Definition: Measures the rate of change of position with respect to time.

Types of Sensors:
o Tachometers: Measure rotational speed and output a voltage proportional to speed.
o Optical Speed Sensors: Utilize laser Doppler techniques to measure surface velocity.
o Hall Effect Sensors: Measure speed by detecting changes in magnetic fields as a

rotating object passes.

Applications: Motor speed measurement, conveyor belt speed, and vehicle speed
monitoring.

3. Acceleration
Definition: Measures the rate of change of velocity with respect to time.

Types of Sensors:

e MEMS Accelerometers: Measure acceleration along one or more axes using micro-
electromechanical systems.

e Piezoelectric Accelerometers: Measure dynamic acceleration by generating
electrical charge from mechanical stress.

o Capacitive Accelerometers: Detect acceleration through changes in capacitance
between plates.

Applications: Vibration analysis, vehicle dynamics, and seismic activity monitoring.



4. Force

Definition: Measures the interaction between objects that causes a change in motion or
deformation.

Types of Sensors:
o Strain Gauges: Measure force by detecting changes in the deformation of a material.
o Load Cells: Measure force by converting mechanical load into an electrical signal.
e Piezoelectric Sensors: Measure dynamic forces using piezoelectric materials that
generate charge when stressed.

Applications: Weighing scales, structural load monitoring, and industrial process control.

5.To rque
Definition: Measures the rotational force applied to an object.
Types of Sensors:
e Torque Sensors: Measure rotational force using strain gauges, optical, or magnetic
methods.
o Rotary Encoders: Measure rotational position and infer torque based on load

characteristics.

Applications: Motor testing, automotive drivetrains, and industrial machinery.

6. Distance
Definition: Measures the space between two points.
Types of Sensors:
o Lidar (Light Detection and Ranging): Uses laser pulses to measure distances with
high precision.
e Ultrasonic Sensors: Use sound waves to measure distances by timing the echo
return.

o Radar Sensors: Use radio waves to measure distance and speed of objects.

Applications: Autonomous vehicles, environmental mapping, and obstacle detection.

7. Pressure



Definition: Measures the force exerted per unit area on a surface.
Types of Sensors:

o Pressure Transducers: Convert pressure into an electrical signal, typically using
strain gauges or piezoelectric materials.

o Capacitive Pressure Sensors: Measure pressure by detecting changes in capacitance
due to applied force.

o Piezoelectric Pressure Sensors: Use piezoelectric materials to measure dynamic
pressure changes.

Applications: Hydraulic systems, weather forecasting, and medical devices.

8. Temperature
Definition: Measures the thermal energy of an object or environment.
Types of Sensors:
e Thermocouples: Measure temperature based on the voltage difference generated
between two dissimilar metals.
e RTDs (Resistance Temperature Detectors): Measure temperature by detecting
changes in electrical resistance of a metal.

e Thermistors: Measure temperature using resistance changes in ceramic materials.

Applications: HVAC systems, industrial processes, and environmental monitoring.

9. Humidity

Definition: Measures the amount of moisture present in the air.
Types of Sensors:

o Capacitive Humidity Sensors: Measure humidity by detecting changes in
capacitance as moisture is absorbed by a hygroscopic material.

o Resistive Humidity Sensors: Measure humidity by detecting changes in electrical
resistance of a hygroscopic material.

e Optical Humidity Sensors: Use changes in light absorption or reflection to measure
moisture levels.

Applications: Weather stations, climate control systems, and agricultural monitoring.



10. Light Intensity

Definition: Measures the amount of light falling on a sensor.
Types of Sensors:
o Photodiodes: Convert light into an electrical current based on light intensity.
o Phototransistors: Measure light intensity by changing their conductivity with light
exposure.
e Light Dependent Resistors (LDRs): Change resistance with varying light intensity.

Applications: Ambient light sensing, optical communication, and automatic lighting
systems.

11. Gas Concentration
Definition: Measures the concentration of specific gases in the air.
Types of Sensors:
o Electrochemical Sensors: Measure gas concentration through electrochemical
reactions.
o Metal Oxide Sensors: Detect gas concentrations based on changes in resistance of a
metal oxide material.
e Infrared Sensors: Measure gas concentrations by detecting the absorption of infrared
light by gases.

Applications: Environmental monitoring, industrial safety, and indoor air quality control.

12. pH Levels

Definition: Measures the acidity or alkalinity of a solution.
Types of Sensors:
e pH Probes: Measure pH by detecting the voltage generated by a pH-sensitive
electrode immersed in the solution.
e Glass Electrodes: Measure pH based on the potential difference between a glass
electrode and a reference electrode.

Applications: Water quality monitoring, chemical processing, and food industry.



13. Vibration

Definition: Measures oscillations or fluctuations in mechanical systems.
Types of Sensors:

e Accelerometers: Measure vibrations by detecting acceleration forces.

o Piezoelectric Sensors: Measure vibrations by converting mechanical stress into
electrical signals.

o Strain Gauges: Measure vibrations based on changes in deformation.

Applications: Machinery monitoring, structural health assessment, and seismic detection.

14. Force and Strain
Definition: Measures mechanical stress and deformation in materials.

Types of Sensors:

o Strain Gauges: Detect mechanical strain by measuring changes in resistance.
o Force Sensors: Convert applied force into an electrical signal, often using strain
gauges or piezoelectric materials.

Applications: Structural testing, load measurement, and material science.

Summary

o Position: Optical encoders, potentiometers, capacitive, inductive sensors.
e Velocity: Tachometers, optical speed sensors, Hall Effect sensors.

e Acceleration: MEMS, piezoelectric, capacitive accelerometers.

o [Force: Strain gauges, load cells, piezoelectric sensors.

o Torque: Torque sensors, rotary encoders.

« Distance: Lidar, ultrasonic, radar sensors.

e Pressure: Pressure transducers, capacitive sensors, piezoelectric sensors.
e Temperature: Thermocouples, RTDs, thermistors.

o Humidity: Capacitive, resistive, optical humidity sensors.

e Light Intensity: Photodiodes, phototransistors, LDRs.

e Gas Concentration: Electrochemical, metal oxide, infrared sensors.

e pH Levels: pH probes, glass electrodes.

o Vibration: Accelerometers, piezoelectric sensors, strain gauges.

e Force and Strain: Strain gauges, force sensors.
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