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Industrial Control Sensors 

Condensed Technical Guide 

Selection, PLC Integration, Installation, Testing, and Application 

Purpose 
This guide condenses the source material into a fast technical reference for engineers and technicians. Repeated 
explanations were merged, while the sensor types, specifications, wiring concepts, testing methods, application constraints, 
and safety principles were retained. 

1. Sensor Fundamentals 
Industrial sensors convert physical variables—temperature, pressure, flow, level, position, vibration, presence, gas 
concentration, and similar conditions—into signals that a PLC, PAC, DCS, or SCADA system can evaluate. The controller 
compares measured values with setpoints and commands final control elements such as valves, drives, heaters, and 
pumps. Measurement quality therefore limits the performance of the entire control loop. 

Term Technical meaning 

Range Minimum and maximum measurable value. 

Span Difference between the upper and lower range values. 

Accuracy Closeness to the true value, often stated as ±% of span or 
reading. 

Precision / repeatability Consistency of repeated measurements under identical 
conditions. 

Resolution Smallest detectable change in input. 

Linearity Closeness of the output curve to a straight line. 

Hysteresis Output difference at the same input when approached from 
opposite directions. 

Response time Time to reach a defined percentage of the final value after an 
input step. 

Drift Slow output change unrelated to the measured variable. 

Turndown ratio Maximum measurable value divided by the minimum value that 
maintains specified accuracy. 

 

Common signal formats 
Signal Typical use / characteristic 

Discrete ON/OFF, commonly 24 VDC. 

4–20 mA Industrial process standard; strong noise immunity, long 
distance, live-zero fault detection. 

0–10 VDC Simple, economical, best for shorter cable runs. 

±10 VDC Motion and servo applications. 

Pulse / frequency Flow, speed, and encoder signals. 

Resistance / millivolts RTDs and thermocouples using dedicated input modules. 

Digital communication HART, Modbus, Profibus, Foundation Fieldbus, EtherNet/IP, 
PROFINET, IO-Link, and related networks. 
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Selection checklist 
• Process variable, minimum/maximum range, normal operating range, required accuracy, resolution, and response time. 
• Medium and environment: temperature, humidity, dust, washdown, chemicals, vibration, shock, corrosion, hazardous-

area classification, and sanitary requirements. 
• Mechanical constraints: available space, mounting method, insertion depth, process connection, pipe/tank geometry, 

and line-of-sight requirements. 
• PLC/DCS interface: input type, supply voltage, PNP/NPN compatibility, isolation, high-speed counter needs, 

communication protocol, and cable distance. 
• Lifecycle requirements: calibration interval, maintainability, expected life, spare strategy, certifications, IP/NEMA rating, 

and total installed cost. 

2. PLC Digital Inputs and Discrete Sensors 
A PLC digital input detects one of two states. Typical devices include pushbuttons, limit switches, relay contacts, proximity 
sensors, photoelectric sensors, float switches, and starter auxiliary contacts. 

Parameter Typical 24 VDC value 

Nominal voltage 24 VDC 

Recognized ON range Approximately 15–30 VDC 

Recognized OFF range Approximately 0–5 VDC 

Input current Approximately 3–10 mA 

Input impedance Approximately 2–10 kΩ 

Isolation Often 500–2500 VAC between field and logic 

 

Sinking and sourcing 
Field device Device action Compatible PLC input 

PNP / sourcing sensor Applies +24 V to the input when active. Sinking input 

NPN / sinking sensor Switches the input toward 0 V when 
active. Sourcing input 

 

Rule: Sourcing devices connect to sinking inputs; sinking devices connect to sourcing inputs. PNP sensors and sinking 
PLC inputs are common because switching the positive conductor generally simplifies troubleshooting and reduces 
unintended activation from accidental grounding. 

 

Input filtering and wiring 
Application Typical filter time 

High-speed counter 0.1–1 ms 

Electronic proximity sensor 2–5 ms 

Pushbutton 10–20 ms 

Mechanical limit switch 10–50 ms 

 

• Dry contacts commonly use two-conductor 18 AWG stranded wire; electronic sensors commonly use three conductors: 
brown = +24 V, blue = 0 V, black = output. 

• Use shielding in electrically noisy areas, near VFD or servo wiring, or for long runs. Ground the shield at one end—
normally the control-panel end—to reduce ground-loop current. 

• Separate signal and power wiring. When crossing is unavoidable, cross at approximately 90 degrees. 
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Digital input troubleshooting 
1. Check sensor and PLC status LEDs. 
2. Measure voltage from the PLC input terminal to DC common: approximately 0 V should read OFF; approximately 24 V 

should read ON. 
3. Monitor the input in PLC software to separate field wiring problems from logic problems. 
4. With appropriate safety controls and full understanding of the circuit, simulate the input with a temporary jumper. A 

successful simulated input points to the field device or wiring rather than the PLC module. 
5. Inspect polarity, common connections, loose terminals, voltage drop, damaged cable, and incorrect PNP/NPN selection. 

3. Proximity and Presence Sensors 
Presence sensors provide non-contact or limited-contact detection of parts, packages, machine positions, and material 
level. Selection is driven by target material, required range, speed, background, contamination, and installation geometry. 

Photoelectric sensors 
Photoelectric sensors use an LED or laser emitter, receiver, signal processing, and a PNP or NPN output. Most industrial 
models operate from approximately 10–30 VDC, commonly at 24 VDC. Typical supply current is 20–50 mA and output 
capacity is roughly 100–300 mA, with reverse-polarity and short-circuit protection commonly included. 

Type Typical range Strengths Limitations / best use 

Through-beam 0.5–50 m or more 

Longest range, highest 
reliability, strong 
contamination tolerance, 
small-object detection. 

Requires wiring to emitter and 
receiver and precise 
alignment. 

Retroreflective 0.5–10 m 
One powered device; good 
range and installation 
simplicity. 

Requires a reflector; polarized 
models may be needed for 
shiny targets. 

Diffuse reflective 50 mm–2 m Simplest and lowest-cost 
installation; no reflector. 

Range depends on target 
color, shape, finish, and 
reflectivity. 

Background suppression 50 mm–2 m 
Detects by distance, ignores 
background, less affected by 
target color. 

Higher cost; useful for 
robotics and precision 
assembly. 

Convergent / fixed focus Application-specific focal 
distance 

Ignores objects outside a 
defined focal zone. 

Small parts, PCBs, and 
electronics assembly. 

Fiber optic About 1 mm–2 m 
Tiny sensing head, tight 
spaces, high temperature, 
fast response. 

Requires remote amplifier 
and careful fiber routing. 

Fork sensor Defined by slot width 
Integrated alignment; 
excellent for labels, edges, 
and small parts. 

Target must pass through the 
slot. 

 

Light source Use 

Infrared LED Most common; long range, good contamination tolerance, low 
cost. 

Visible red LED Easier alignment. 

Laser diode Small spot, long distance, high precision for small targets and 
positioning. 

 

• Typical response: standard models 1–5 ms; high-speed models approximately 100–500 µs. 
• Common ratings: IP65, IP66, IP67; washdown applications may require IP69K. 
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• Common failure influences: lens contamination, misalignment, ambient light, transparent targets, highly reflective 
surfaces, and very dark surfaces. 

Photoelectric testing 
6. Confirm power and output LEDs. 
7. Measure supply between brown (+24 V) and blue (0 V). 
8. For PNP, an active output is typically near +24 V on black. For NPN, an active output is near 0 V. 
9. Compare sensor output indication with the live PLC input. If the sensor switches but the PLC does not, check wiring, 

PNP/NPN compatibility, and the input module. 

Inductive proximity sensors 
• Detect metal at distances ranging from a few millimeters to a few centimeters. 
• Typical uses: part detection, end-of-travel, indexing, and counting. 
• Advantages: sealed, robust, long life, and unaffected by nonmetallic material. 
• Limitations: short range; sensing distance varies by metal type. 

Capacitive proximity sensors 
• Detect changes in capacitance and can sense metals, liquids, plastics, powders, and granular material. 
• Common for non-contact level detection in bins and tanks. 
• More sensitive than inductive sensors to humidity, buildup, and environmental changes. 

4. PLC Analog Inputs and Signal Conditioning 
An analog input converts a continuously varying signal into a digital value through an ADC. The PLC scales raw counts into 
engineering units and uses the result for display, alarms, interlocks, and control. 

Input Typical use 

0–10 VDC Short-distance sensors and laboratory or machine 
applications. 

4–20 mA Industrial process instrumentation. 

0–20 mA Older systems. 

±10 VDC Motion and servo systems. 

1–5 VDC Often derived from 4–20 mA through a 250 Ω resistor. 

RTD resistance Temperature measurement with a dedicated module. 

Thermocouple millivolts High-temperature measurement with cold-junction 
compensation. 

 

Characteristic 0–10 VDC 4–20 mA 

Noise immunity Fair Excellent 

Cable distance Short; often kept under about 100–200 ft 
depending on environment 

Hundreds or thousands of feet when 
loop voltage is adequate 

Voltage-drop sensitivity Significant Minimal within loop compliance limits 

Ground-loop susceptibility Higher Lower 

Fault detection Limited Strong due to live zero 

Cost / wiring Lower cost, simpler Moderate complexity, often higher 
transmitter cost 

Industrial adoption Moderate Very high 
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4–20 mA live zero 
Current Typical interpretation 

0 mA Broken wire, failed transmitter, blown fuse, or loss of loop 
power. 

4 mA Valid minimum process value. 

20 mA Valid maximum process value. 

<3.8 mA or >20.5 mA Often configured as a sensor or range fault. 

 

Resolution 
ADC resolution Available counts 

10-bit 1,024 

12-bit 4,096 

16-bit 65,536 

 

Signal conditioning and transmitters 
• Amplification of low-level signals such as thermocouple millivolts. 
• Linearization of nonlinear sensors such as thermocouples and thermistors. 
• Filtering of noise and fast transients. 
• Galvanic isolation to reduce ground loops and improve protection. 
• Conversion between sensor signals and standardized outputs such as 4–20 mA. 
• Smart transmitters may add HART or digital buses for remote configuration, diagnostics, multiple variables, and sensor-

health reporting. 

Analog testing and cabling 
10. Measure 0–10 V directly between signal and common. 
11. Measure 4–20 mA by inserting the meter in series, or infer current from a known precision resistor. Across 250 Ω, 4 mA = 

1 V and 20 mA = 5 V. 
12. Compare the PLC raw count and scaled value to isolate sensor, wiring, scaling, or configuration errors. 
13. Use a loop calibrator to simulate current, voltage, RTD, or thermocouple signals and verify the PLC input independently. 
14. Inspect polarity, loose terminals, corrosion, insulation damage, moisture, broken shields, and grounding. 

• Use twisted-pair shielded cable, typically 18–22 AWG, for analog and low-level signals. 
• Ground the shield at one end, generally at the panel. 
• Route analog wiring separately from motor, VFD, contactor, welding, and high-current conductors. 

5. Temperature Sensors 
Technology Range / behavior Advantages Limitations / applications 

Thermocouple 

Dissimilar metals produce a 
millivolt signal. Type K: about 
-200 to 1260 °C; J: -40 to 750 
°C; T: -200 to 350 °C; N/R/S/B 
cover other high-temperature 
ranges. 

Wide range, rugged, 
inexpensive, fast. 

Lower accuracy than RTDs in 
moderate ranges, noise-
sensitive mV signal, requires 
cold-junction compensation. 
Furnaces, ovens, kilns, 
exhaust, heat treatment, food 
heating. 

RTD 
Platinum resistance, 
commonly Pt100 or Pt1000; 
roughly -200 to 600 °C. 

High accuracy, repeatability, 
linearity, and long-term 
stability. 

Higher cost and lower 
maximum temperature than 
thermocouples. HVAC, water, 
food, CIP. 
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Thermistor Strong nonlinear resistance 
change, usually NTC. 

Very sensitive, small, low 
cost. 

Narrow range, nonlinear, and 
less stable. HVAC room 
sensors and compact 
equipment. 

Infrared / pyrometer Infers surface temperature 
from emitted infrared energy. 

Non-contact, very fast, 
suitable for moving or very hot 
targets. 

Depends on emissivity, 
surface cleanliness, and clear 
line of sight. Metal, glass, 
baking lines, spot checks. 

 

RTD wiring 
Configuration Use 

2-wire Simplest; lead resistance adds the most error. 

3-wire Compensates lead resistance in one leg; common industrial 
choice. 

4-wire Highest accuracy for precision measurement. 

 

Example: ProSense THMJ-C04-03 Type J thermocouple 
Parameter Specification 

Sensor / range Type J, 32–1330 °F (0–721 °C) 

Accuracy ANSI Type J standard limits of error 

Junction Ungrounded 

Probe 1/4 in diameter, 4 in insertion, spring-loaded 

Sheath / insulation Stainless steel with MgO insulation 

Connection 1/2 in male NPT; aluminum screw-cover terminal head 

Environmental rating IP66 / NEMA 4X 

Intended use Thermowell or direct immersion where appropriate 

 

• Good for medium-temperature industrial processes such as extrusion, molding, heat treating, ovens, dryers, packaging, 
food processing, and steam systems. 

• Ungrounded construction improves electrical isolation and reduces ground-loop and noise problems. 
• Compared with Type K, Type J has a lower upper-temperature limit and its iron leg is more susceptible to oxidation at 

sustained high temperature. 
• Sheathed construction improves durability but responds more slowly than an exposed junction. Compatible Type J 

extension wire and proper cold-junction compensation are required. 

6. Pressure, Flow, and Level Measurement 

Pressure 
Measurement Reference / use 

Gauge Relative to atmospheric pressure. 

Absolute Relative to vacuum. 

Differential Difference between two points; common across filters, coils, 
and flow restrictions. 

 

• Common sensing elements: piezoresistive strain gauges, capacitive diaphragms, and piezoelectric elements for 
dynamic pressure. 
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• Example transmitter: 0–10 bar gauge, 4–20 mA two-wire, ±0.25% span, 2× overpressure, 1/4 in NPT or sanitary 
connection, stainless wetted parts. 

• Applications: pump discharge, filter differential pressure, hydrostatic level, HVAC loops, hydraulics, pneumatics, 
reactors, CIP, and filling. 

Flow 
Method Technical notes / best fit 

Differential pressure Flow is proportional to √ΔP. Works with steam, gas, and 
liquids; requires straight run and causes pressure loss. 

Turbine Pulse frequency proportional to flow. Good for clean, low-
viscosity liquids; moving parts wear. 

Magnetic 
No moving parts and low pressure drop; requires conductive 
fluid. Common for water, wastewater, and conductive food 
slurries. 

Ultrasonic Clamp-on or inline; transit-time or Doppler. Nonintrusive 
options are useful for temporary measurement and large pipes. 

Vortex Vortex frequency proportional to velocity. Suitable for steam, 
liquids, and gases with low maintenance. 

Coriolis Direct mass flow plus density and temperature; high accuracy 
and high cost for chemical and food processes. 

Thermal mass Common for gas mass-flow measurement. 

 

• Consider conductivity, viscosity, solids, abrasiveness, pressure-drop allowance, straight-run requirements, orientation, 
partial filling, and sanitary design. 

Level 
Method Key points 

Hydrostatic / pressure Submersible or external pressure measurement; verify venting 
and overpressure protection. 

Float Simple point switch or continuous transmitter. 

Ultrasonic Non-contact time-of-flight; affected by foam, turbulence, and 
vapor. 

Radar / guided-wave radar Strong general-purpose continuous level; geometry, buildup, 
and dielectric properties still matter. 

Capacitive Useful for liquids and solids; probe buildup can affect output. 

Optical Point-level detection using refraction/reflection. 

 

• Continuous level produces an analog value; point level provides discrete alarms or pump control. 
• Account for tank geometry and nonlinear volume, material compatibility, process connection, sanitary cleanability, and 

leakage prevention. 

7. Position, Motion, Condition Monitoring, Vision, and Gas 

Position and motion 
Sensor Use / output 

Incremental encoder Pulses per revolution; position relative to a reference. A/B 
quadrature and optional Z index to a high-speed counter. 

Absolute encoder Unique code for each position; retains position after power 
loss. 
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Potentiometer Voltage proportional to position; simple and low cost, but 
mechanical wear. 

LVDT Contactless high-precision linear displacement with AC 
excitation; valves, actuators, turbines. 

Hall effect Contactless linear or rotary magnetic position sensing. 

Magnetostrictive Long-stroke industrial position feedback. 

Load cell Millivolt force/weight signal, normally through an amplifier to 
4–20 mA or 0–10 V. 

 

Vibration and condition monitoring 
• Detects imbalance, misalignment, bearing wear, looseness, and resonance on motors, pumps, fans, compressors, and 

turbines. 
• Sensors include accelerometers, velocity sensors, and eddy-current displacement probes. 
• Mounting location, orientation, and frequency range are critical. Shielded cabling and signal conditioning are often 

required. 
• Specialized analyzers support detailed diagnostics; 4–20 mA vibration transmitters can provide overall alarm values 

directly to a PLC. 

Machine vision 
• Core elements: industrial camera, lens, controlled lighting, image-processing hardware/software, trigger and strobe I/O, 

and PLC communications. 
• Capabilities: pattern recognition, dimensional measurement, OCR/OCV, barcode reading, defect detection, color 

inspection, label verification, and robot guidance. 
• PLC integration ranges from discrete pass/fail outputs to detailed results over EtherNet/IP, Modbus TCP, or PROFINET. 

Triggers may come from the PLC or an encoder. 

Gas and chemical sensing 
Technology Typical target 

Electrochemical Toxic gases such as CO, H2S, Cl2, and oxygen. 

NDIR CO2 and hydrocarbons. 

Catalytic bead Combustible gas at LEL levels. 

Metal-oxide semiconductor General VOCs and leak detection. 

Photoionization detector Low-ppm VOC monitoring. 

 

• Applications include personnel safety, emissions, combustion control, food packaging, and water disinfection. 
• Key constraints: cross-sensitivity, catalyst poisoning, calibration, bump testing, and hazardous-area or intrinsically safe 

design. 

8. Safety Devices and Functional Safety 
Safety devices protect personnel and are designed so that a single failure does not eliminate the safety function. Typical 
devices include emergency stops, light curtains, laser scanners, interlocks, gate switches, mats, two-hand controls, rope 
pulls, enabling switches, safety relays, and safety PLCs. Relevant design frameworks include ISO 13849, IEC 62061, and IEC 
61508. 

• Safety circuits detect broken wires, welded contacts, channel shorts, loss of power, and internal failures, then transition 
to a safe state. 

• Redundant channels improve single-fault tolerance and enable continuous cross-monitoring. 
• Fail-safe outputs normally de-energize when a fault is detected. 
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Safety light curtains 
Resolution Typical protection 

14 mm Finger 

20–30 mm Hand 

40 mm Arm 

70 mm Body 

 

• Typical response is approximately 5–30 ms. Safe mounting distance must include curtain response, relay/PLC response, 
contactor opening, and machine stopping time. 

• Muting temporarily bypasses the field under controlled logic for intended material flow. Blanking permits specified 
beams to remain blocked by fixed machine elements. 

• Two OSSD outputs are independently monitored. Both must agree; a mismatch causes shutdown. 

Safety relays, contactors, and reset 
• Safety relays monitor redundant inputs, shorts, welded contacts, and external device feedback, and prevent unintended 

restart. 
• External Device Monitoring verifies that controlled contactors or other final switching devices actually opened. 
• Two safety-rated contactors in series provide continued power interruption if one contactor welds. 
• A manual reset is often required after the hazard is cleared and all channels and feedback devices are healthy. 

Feature Standard relay Safety relay 

Redundant outputs No Yes 

Self-diagnostics No Yes 

Cross-channel monitoring No Yes 

Welded-contact detection No Yes 

External device monitoring No Yes 

Certified for personnel safety No Yes 

 

Safety PLCs 
• Useful for many safety devices, distributed safety I/O, networked safety, integrated diagnostics, and expansion. 
• Use redundant processing, diagnostics, and certified programming environments. Common safety networks include CIP 

Safety and PROFIsafe. 

9. PLC Integration, Installation, Calibration, and Maintenance 

PLC integration 
• Match each sensor to the correct discrete, analog, temperature, high-speed counter, encoder, serial, or Ethernet 

interface. 
• Scale raw counts to engineering units. Apply alarms, interlocks, and control logic to the scaled value. 
• Use isolation where needed, document all terminations, and maintain current drawings and tag information. 

Installation 
• Locate the sensor where it represents the process rather than a dead zone, local hot spot, pipe elbow disturbance, or 

unfilled section. 
• Follow insertion-depth, straight-run, orientation, line-of-sight, and process-connection requirements. 
• Avoid mechanical stress, provide strain relief, seal cable entries, use compatible wetted materials, and observe polarity 

and grounding requirements. 
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Calibration and maintenance 
• Commission against a known reference and establish a calibration interval based on criticality, drift, regulation, and 

historical performance. 
• Use appropriate standards: dry-block calibrators, pressure calibrators, loop calibrators, flow provers, or certified 

reference instruments. 
• Adjust zero/span when permitted or record correction offsets for software compensation. 
• Preventive maintenance includes inspection, cleaning, functional verification, calibration, and complete records. 

General troubleshooting sequence 
15. Inspect the sensor, mounting, process connection, target, and cable for damage, contamination, corrosion, moisture, or 

buildup. 
16. Confirm supply voltage and polarity at the sensor. 
17. Measure the output at the sensor and again at the PLC to detect wiring loss or noise. 
18. Compare PLC diagnostics, raw counts, scaled value, and program status. 
19. Simulate the input or substitute a known-good sensor to isolate the problem. 
20. Check calibration history and compare the reading with known process conditions. 

10. Environmental Ratings 

IP ratings 
IEC 60529 IP ratings use two digits: the first indicates protection from solids (0–6); the second indicates protection from water 
(0–9/9K). 

Rating element Meaning 

IP5X Dust protected; limited ingress is allowed if it causes no harm. 

IP6X Dust-tight. 

IPX5 Low-pressure water jets. 

IPX6 Powerful water jets. 

IPX7 Temporary immersion, commonly 1 m for 30 minutes. 

IPX8 Continuous immersion under manufacturer-defined 
conditions. 

IPX9 / IPX9K High-pressure, high-temperature washdown. 

 

Example equipment Typical IP level 

PLC inside a cabinet IP20–IP30 

Factory field junction box IP65 

Food-processing sensor IP67–IP69K 

Outdoor drive enclosure Often IP66 

 

NEMA ratings 
NEMA enclosure ratings include environmental factors beyond ingress, such as construction durability, corrosion, ice, 
oil/coolant, gasket aging, and cable-entry integrity. IP and NEMA ratings are not exact one-to-one equivalents. 

NEMA type Typical environment / protection 

1 Indoor general-purpose contact protection. 

12 Indoor industrial dust, lint, fibers, dripping liquids, oil, and 
coolant seepage. 

3R Outdoor rain and snow; common for service and HVAC panels. 
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4 Outdoor and washdown; windblown dust and hose-directed 
water. 

4X NEMA 4 plus corrosion resistance; food, chemical, coastal, 
and pharmaceutical areas. 

7 Hazardous gas atmospheres; explosion containment. 

9 Hazardous dust atmospheres; dust-ignition protection. 

 

• Approximate examples: NEMA 1 ≈ IP20; NEMA 12 ≈ IP54–IP55; NEMA 4 ≈ IP66; NEMA 4X ≈ IP66–IP67 plus corrosion 
resistance. 

• Typical choices: machine shop panel—NEMA 12; washdown food panel—NEMA 4X; outdoor pump station—NEMA 3R or 
4. 

11. Industry Application Patterns 
Industry Common sensors Key constraints 

Water / wastewater 
Radar or ultrasonic level, hydrostatic 
level, magnetic flow, pressure, 
pH/conductivity. 

Outdoor exposure, redundancy, 
corrosion, remote SCADA integration. 

HVAC / building RTDs or thermistors, differential 
pressure, water flow, humidity, CO2. 

Representative placement, energy-
performance tradeoffs, filter and IAQ 
maintenance. 

Food processing 
RTDs/TCs, radar/capacitive/float level, 
mag/Coriolis flow, vision, photoelectric 
and proximity. 

Hygienic design, stainless materials, 
sanitary fittings, IP69K washdown, 
traceability. 

Manufacturing / machinery Photoelectric, inductive, encoders, 
pressure, vibration, vision, load cells. 

High speed, alignment, EMI, mechanical 
protection, machine safety. 

 

12. Technology Trends 
• Smart sensors combine sensing, local processing, self-diagnostics, configuration, and multiple process variables. 
• IO-Link, Ethernet-based protocols, fieldbus, and HART provide remote setup and richer diagnostics. 
• IIoT and edge computing aggregate sensor data for predictive maintenance, energy optimization, and process 

improvement. 
• Wireless sensing reduces retrofit wiring and reaches remote or inaccessible assets, often using batteries or energy 

harvesting. 
• MEMS and advanced materials continue to reduce size while improving integration and harsh-environment performance. 

13. Quick Selection Reference 
Requirement Preferred starting point 

Metal target at short range Inductive proximity 

Nonmetal, liquid, powder, or pellet presence Capacitive proximity 

Long-range object detection Through-beam photoelectric 

Single-sided installation with reflector Retroreflective photoelectric 

Simple close-range object detection Diffuse photoelectric 

Target discrimination from background Background-suppression photoelectric 

High-accuracy moderate temperature RTD 

Very wide or high temperature Thermocouple 

Fast non-contact surface temperature Infrared sensor 
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Long analog cable in noisy plant 4–20 mA 

Short low-cost analog connection 0–10 V 

Conductive liquid flow Magnetic flowmeter 

High-accuracy mass flow Coriolis meter 

Nonintrusive temporary flow measurement Clamp-on ultrasonic 

Object inspection or dimensional verification Machine vision 

Personnel guarding Safety-rated device and validated safety circuit 
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