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Transducers convert one form of energy into another
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We classify transducers into three distinct types based on “direction”
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Transducers can be active or passive in nature
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A few of the MANY factors to consider when looking for transducers
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● Range
● Span
● Linearity
● Sensitivity
● Response Time
● Stability
● Accuracy
● Noise
● Durability/Environmental
● Cost
● Signal Conditioning
● Technology
● Hysteresis
● Output



Range is the values over which the transducer is rated to perform
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Dynamic range is the ratio of the largest to smallest input measured
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Span is the output difference at the maximum and minimum values
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Linearity is deviation from an ideal linear output
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There is also a frequency component “dynamic linearity”
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Sensitivity is the slope of the input-output curve (calibration slope)



Response time must be much smaller than the timescale of the 
phenomena you want to measure (or it can be your low pass filter)!
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Stability is how constant the output of a transducer is when the 
physical stimulus is static (drift, environmental, and more)
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Accuracy represents the maximum difference between the real and 
indicated values (commonly offsets, not always constant though)
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Noise is how much variation there is relation to the real signal and is 
related to the precision of the instrument (often SNR)
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The sensor must be matched to the environment in which it will 
operate - and overrated generally



Cost is always a factor - can you afford it, are you going to get it back, is 
it more than you really need?

Image: Giphy



Signal conditioning can add more cost than the instrument and create 
more environmental concerns
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Technology used can present significant pros and cons based on your 
particular application
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● What is the physical method
● What are the cross-sensitivities
● How stable is it
● How experimental is it



Transducer hysteresis is analogous to mechanical backlash and may or 
may not matter to you
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Output should be matched to your system if possible
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● Voltage
● Current
● Resistance
● Digital



We’ll cover a few common measurement applications and how to 
approach them, many others are similar
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● Temperature
● Position/Distance
● Pressure
● Strain
● Rotation
● MEMS



Temperature measurement has many potential technologies

Image: National Instruments



Thermocouples use the Seebeck effect
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RTDs are resistance based devices with high stability, but low sensitivity

Images: DEWESoft



Thermistors are inexpensive silicon resistance based devices that are 
fast, but can experience self heating
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Position/Distance

● DCDTs/LVDTs
● Potentiometers
● Time of Flight
● Laser
● Inductive
● Capacitive



DCDTs and LVDTs are differential transformers, an expensive, but very 
good displacement sensors
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Linear potentiometers can be slightly noisier and more thermally 
sensitive, but are inexpensive
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Time of flight sensors are a non-contact method than can be very 
economical
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Laser distance sensors are very precise, but expensive
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Inductive eddy current sensors are great for conductive non-contact 
measurements

Image: Electronics Hub, Lion Precision



Capacitive sensors are very fast and high resolution sensors
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Pressure transducers are generally strain based, but come in multiple 
reference point variations
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● Absolute
● Gage
● Vacuum
● Differential
● Sealed



Strain is measured with strain gauges and forms the basis for many 
other sensing technologies
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Strain gauges can be arranged in a variety of ways to measure different 
components of strain
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We often use dummy gauges (not bonded or bonded in an unstrained 
direction) to compensate for temperature
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Great care should be taken with the bridge circuit design
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Bonding, placement, wiring, resistance testing, and more are required 
and each with a lot of odd sensitivities 
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Encoders are a great tool for rotary (or what can be translated to 
rotary) motion
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MEMS has slowly been taking over many traditional applications, but 
the technology is certainly not fully mature
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MEMS has slowly been taking over many traditional applications, but 
the technology is certainly not fully mature

Middlemiss et al. 2016



Actuators come in many, many varieties and we’re not going to focus 
on them more than to mention a few of the common ones
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