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Advanced Sensors in Industrial Automation
Key concepts, technologies, and practical considerations

1. Why Sensors Matter in Automation

Benefit Explanation
Real?time feedback Enables closed?loop control, reducing cycle time and waste.

Predictive ) . .
) Early detection of wear or failure prevents costly downtime.
maintenance

i Continuous monitoring of product dimensions, temperature, etc., ensures
Quality assurance ,
compliance.

Safet Detects hazardous conditions (gas leaks, over?pressure) and triggers
afe
Y protective actions.

2. Sensor Classifications

Category Typical Industrial Use Core Physical Principle

o Detect presence/absence of Inductive, capacitive, ultrasonic,
Proximity Sensors o _

parts, positioning of robots photoelectric
Temperature Furnace control, coolant Thermocouples, RTDs, infrared
Sensors monitoring pyrometers, MEMS thermistors
Pressure & Force Hydraulic/ pneumatic system Strain?gauge, piezo?electric, capacitive,
Sensors monitoring, torque verification fiber?optic
Vibration & _ _ . Accelerometers, piezo?electric
) Machine health, bearing condition _

Acoustic Sensors microphones, laser vibrometers
Vision & Imaging Part inspection, guided robot 2?D cameras, 3?D structured light, time
Sensors navigation ?0f?flight, hyperspectral
Gas & Chemical Leak detection, process gas Electrochemical, NDIR, metal?oxide
Sensors composition semiconductor, photoacoustic
Flow & Level Liquid/ gas transport, tank level  Turbine, ultrasonic, Coriolis, radar,

Sensors control magnetic?inductive
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Category Typical Industrial Use Core Physical Principle

Distributed monitoring, edge Integrated MCU, communication stack
analytics (MQTT, OPC UA), on?board diagnostics

Smart/loT Sensors

3. Emerging Sensor Technologies

Technology Advantages for Automation Typical Applications

LiDAR & Time?of?Flight  High?resolution depth maps, robust AGV navigation, bin

(ToF) 3?D Scanners under varying lighting picking, safety zones
Fiber?Optic Distributed Long?range (km) temperature/strain Pipeline monitoring, large
Sensing (DTS/DVS) measurement, immune to EMI ?scale structures

MEMS Inertial Small, low?power, multi?axis Handheld tools, robotic
Measurement Units (IMU) acceleration/rotation data end?effectors

Quantum?dot & CMOS Superior low?light performance, high High?speed inspection,

Image Sensors frame rates defect detection
Electro?Magnetic Acoustic ) ) Inline weld inspection,
Detects material flaws without contact ] o
Resonance (EMAR) composite monitoring
Digital Twin?Integrated Real?time data feeds into virtual models Process optimization,
Sensors for simulation & optimization operator training

4. Communication & Integration

Layer Standard / Protocol Key Features
) Deterministic, low?latency, widely
Fieldbus PROFIBUS, Modbus RTU, CANopen _
supported PLC interfaces
Industrial High bandwidth, real?time (TSN),
EtherNet/IP, PROFINET, EtherCAT _
Ethernet flexible topology

WirelessHART, ISA100.11a, 5G URLLC, Reduced cabling, mesh redundancy,
LoRaWAN (for non?critical) OTA updates

loT / Cloud MQTT,

Wireless
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