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INTRODUCTION TO MEASUREMENTS

2



Introduction to Measurements
There are two types of measurements:

• Primary measurements
q One that is obtained directly from the measurement sensor
q It is a single item from a specific measurement device
q Examples: ??

• Derived measurements
q One that is calculated using one or more measurements
q The calculation can occur at the sensor level, or by a data logger, 

or during data processing
q Derived measurements can use both primary and other derived 

measurements
q Examples: ??
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Introduction to Measurements
There are two categories of data:
• Type (i.e., the measured value)

q Stationary
vData do not change in time
vExamples: ??

q Time-dependent
vData do change in time
vExamples: ??

• Sample (i.e., how you measure it)
q Single-sample

vOne or more readings taken under identical conditions at the same or 
different times

vExample: repeated measurements using the same instrument
q Multi-sample

vRepeated measurement of a fixed quantity using different instruments
vExample: repeated measurements using different instruments 
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Introduction to Measurements
• A detailed experimental plan and measurement 

methodology must be developed to obtain the results you 
need

• The experimental process:
1. Identify experimental goals and acceptable accuracy
2. Identify the important variables and appropriate relationships
3. Establish the quantities that must be measured and their expected range 

of variation
4. Tentatively select sensors/instrumentation appropriate for the task
5. Document uncertainty of each measured variable
6. Perform a preliminary uncertainty analysis
7. Study uncertainty results and reassess the ability of the measurement 

methods and instrumentation to meet acceptable accuracy
8. Install selected instrumentation in accord with standards/best practices
9. Collect experimental data and subject data to ongoing quality control 

criteria
10. Reduce/analyze data, perform final uncertainty analysis, and report results
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Introduction to Measurements
• (some) real work concerns are:

q First cost and operating cost

q Ease of use

q Safety of use

q Durability

q Flexibility

q Reliability

q Power requirements

q Environmental conditions requirements
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Introduction to Measurements

7
Stephen Martin, PSU Dissertation 2014

• Some examples:



Introduction to Measurements

8
Stephen Martin, PSU Dissertation 2014

• Some examples:



Introduction to Measurements
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Class Activity
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• What sensors (or variables) do we usually consider in an 
air handling unit?  



INSTRUMENTATION CONTROL 
TERMINOLOGY
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Instrumentation Control Terminology
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• Sensor 

q A device that responds to a change in the controlled variable and 
sense something (e.g., temperature sensor)

• Transducer 

q A device that changes one energy from another form

q Mostly have a voltage output vary from a magnitude of a few 
millivolts to several volts (e.g., pressure transducer, speaker)

• Transmitter 

q A device that is used to transmit energy from one device to other

q Mostly have a current output in the range of 4-20mA



Instrumentation Control Terminology
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https://www.omega.com/en-us/resources/pressure-transducers-how-it-works

Deform with the pressure 
change (e.g., thin flexible 

membrane)

Detect the deformation and 
covert into an electrical signal 

(e.g., capacitator, resistor, 
inductor)

https://www.sensorsone.com/pressure-transducers/

https://www.omega.com/en-us/resources/pressure-transducers-how-it-works
https://www.sensorsone.com/pressure-transducers/


Instrumentation Control Terminology
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• Examples of pressure transmitters are:

https://www.dwyer-inst.com/Product/Pressure/SinglePressure/Transmitters/

https://www.dwyer-inst.com/Product/Pressure/SinglePressure/Transmitters/


Instrumentation Control Terminology
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• Examples of pressure transmitters are:

https://www.dwyer-inst.com/Product/Pressure/SinglePressure/Transmitters/Series636#specs

https://www.dwyer-inst.com/Product/Pressure/SinglePressure/Transmitters/Series636


Instrumentation Control Terminology
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• Examples of pressure transmitters are:

https://www.dwyer-inst.com/Product/Valves/CurrenttoPressureTransducers/SeriesEPTA

https://www.dwyer-inst.com/Product/Valves/CurrenttoPressureTransducers/SeriesEPTA


BASIC SENSOR INPUT/OUTPUTS
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Basic Sensor Inputs and Outputs
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• Signal Types:
q Analog (current or voltage)
q Binary: On/Off (i.e., switch position) 
q Digital (e.g., binary or discrete)



Basic Sensor Inputs and Outputs
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• Hard wired:
q Thermistors of type specs for temperature
q Other with transducers to produce the 0-5 v or 4-20 mA signal

• BACnet (other communication protocols) communications

• Wireless communication:
q Power supply and transmitter 
q Network that receives the signal need to be able to communicate 

with the controller or BACnet



Basic Sensor Inputs and Outputs
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• 4 to 20 mA current output signal:
q Mostly is used in a series circuit for a robust measurement signal

q Act like a current source

q Create a constant current output for a given measurement 
independent of the supply voltage or impedance 

q Produce the same current output at any particular point in the circuit 
(Unlike a voltage output)

q Is a relatively high-power analogue output which can be used in 
measurement circuits over long distances

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/


Basic Sensor Inputs and Outputs
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• Power voltage inputs are (Most common types):
q 24 ADC (volts + alternating current)

q 24 VDC (volts + direct current) 

q 120 VAC (volts + alternating current) 



SENSOR POWER INPUT
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Sensor



Sensor Power Input
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• Voltage inputs are:
q Most common types are:

§ 12 VAC 

§ 12 VDC 

§ 24 VAC

§ 24 VDC

§ 120 VAC

V: Volts 
AC: Alternating Current
DC: Direct Current



Sensor Power Input
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• 120 VAC voltage input:
q Advantages:

§ It is robust, reliable, and has a very broad existing installation base
§ Due to the high potential voltage: (i) Voltage drop over long distances is 

not an issue and (ii) Current requirements are smaller than lower 
voltage systems

q Disadvantages
§ Can be dangerous and potentially lethal (high voltage)
§ Technicians require to wear proper shock resistant PPE



Sensor Power Input
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• 24 VDC (or 12 VDC) voltage input:
q Advantages:

§ Safety is the main advantage 
§ Technicians can work without any additional electrical PPE equipment
§ Has limiting circuits to protect against short circuits (eliminate the need 

for fuses)

q Disadvantages
§ Suffer from voltage drop issues much sooner over shorter distances

v Using larger wire
v If possible, increase the voltage generated by the power supply (many DC 

control systems are rated from 10-30V)
§ A lower voltage leads to more current (e.g., solenoids with high power 

requirements - large motor starters and more expensive)



Sensor Power Input
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• 24 VAC voltage input:
q Advantages:

§ Safety is the main advantage 
§ Technicians can work without any additional electrical PPE equipment
§ It requires only a transformer to change the voltage (e.g., thermostats, 

doorbells, and security cameras)
§ Motors and solenoids used to be low cost 

q Disadvantages
§ Suffer from voltage drop issues much sooner over shorter distances



Sensor Power Input
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• 24 VAC voltage input:

https://www.grainger.com/category/hvac-and-refrigeration/hvac-controls-and-thermostats/low-voltage-thermostats/low-voltage-mechanical-thermostats?attrs=Voltage%7C24VAC&filters=attrs

https://www.grainger.com/category/hvac-and-refrigeration/hvac-controls-and-thermostats/low-voltage-thermostats/low-voltage-mechanical-thermostats?attrs=Voltage%7C24VAC&filters=attrs


Sensor Power Input
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• Be careful of mixing different voltages:

q Consider using one control voltage for all sensors and devices

q It creates new points of failure, mixing and matching control voltages 
creates 

q Maintenance issue for technicians



INTRODUCTION TO DATA 
ACQUISITION

29
http://www.ni.com/data-acquisition/what-is/

http://www.ni.com/data-acquisition/what-is/


Data Acquisition
• The interface system makes every transducer and sensor 

computer-compatible

• Integration of the transducer to the system leads to lose its 
identity

• A data acquisition system usually consists of:
q Sensors
q Data acquisition measurement hardware
q A computer with programmable software

30
ASHRAE Fundamentals



Data Acquisition
• The transducer follows the linearization, offset correction, 

self-calibration, and so forth of the system

• Currently computers are integrated into every aspect of 
data recording allows:
q Sophisticated graphics
q Data acquisition hardware
q Control
q Data analysis
q Additional processing power 
q Additional flexibility and connectivity capabilities

31



Data Acquisition
• A digital data acquisition system contains an interface:

q Involve one or several analog-to-digital converters

q In the case of multichannel inputs (Multiplexers)

q The interface may also provide excitation for transducers, calibration, 
and conversion of units

q Once the input signals have been digitized, the digital data are 
essentially immune to noise and can be transmitted over great 
distances

• The digital data are arranged into one or several standard 
digital bus formats
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Data Acquisition
• Examples of existing data acquisition systems: “National 

Instruments”:

33
http://www.ni.com/data-acquisition/

- Limited channel count
- Applicable for single data acquisition devices 

- Medium channel count
- Modular data acquisition system
- USB, Ethernet, and Wi-Fi connectivity

- High channel count
- Applicable for single data acquisition devices 
- Synchronization and stand-alone operation or remote 

control

http://www.ni.com/data-acquisition/


Data Acquisition
• An example for the heat flux sensors:

34



DATA LOGGERS
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Data Loggers
• Data loggers digitally store signals (analog or digital):

q Store data at different intervals
q May store data based on an event (e.g., button push)
q May perform linearization or other signal conditioning 
q Assign the time/date with transducer signal information 
q Have different channel configurations (from single channel input to 

256 or more).
q Can work for general-purpose devices that accept a multitude of 

analog and/or digital inputs
q May be more specialized to a specific measurement (e.g., a 

portable anemometer with built-in data- logging capability) or 
application (e.g., a temperature, relative humidity, CO2, and CO 
monitor with data logging for IAQ applications)

q Download the stored data using a serial interface with a temporary 
direct connection to a personal computer

36



Data Loggers
• Examples of using data loggers:

37

Telaire 7001

HOBO U12



TERMINOLOGY
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Uncertainty Analysis
• No measurement is accurate 

• The inaccuracy can be expressed in uncertainty

• Uncertainty is NOT the same as an error
q An error in a measurement is the difference between the correct 

value and the measured value
q An error is fixed and not a statistical variable

• Uncertainty is a possible value that the error might take on 
in a given measurement

39



Uncertainty Analysis
• Uncertainty:

q Is a statistical variable
q Can be represented as a histogram of values

• Similarity of uncertainty with statistical analysis:
q Measured value describes a central tendency (similar to Mean)
q Uncertainty represents dispersion usually in terms of probability 

(similar to standard division)
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Uncertainty Analysis
• Source of uncertainties:

q Inaccuracy in the mathematical model 
q Inherent stochastic variability of the measurement process 
q Uncertainties in measurement standards and calibrated 

instrumentation 
q Time-dependent instabilities caused by gradual changes in standards 

and instrumentation 
q Effects of environmental factors such as temperature, humidity, and 

pressure 
q Values of constants and other parameters obtained from outside 

sources 
q Uncertainties arising from interferences, impurities, inhomogeneity, 

inadequate resolution, and incomplete discrimination 
q Computational uncertainties and data analysis 
q Incorrect specifications and procedural errors 

41



Uncertainty Analysis
• Accuracy is usually reported as the following examples:

q Onset HOBO U12 internal temperature sensor
v± 0.35°C from 0 to 50°C (± 0.63°F from 32° to 122°F)

q Onset HOBO U12 internal relative humidity sensor 
v± 2.5% RH from 10% to 90% over the range 10° to 50°C (50° to 122°F) 

typical; ± 3% RH from 5% to 95%; conditions above 80% RH and 60°C 
(140°F) may cause additional error 

q Telaire 7001 CO2 sensor
v±50 parts per million (ppm) or ±5% of reading, whichever is greater

q Setra differential air pressure sensor
v±1% FS (Root Sum Squares of Non-Linearity, Non-Repeatability, 

Hysteresis)
42



Precision vs. Accuracy
• Precision vs. Accuracy:

– These terms are often confused and conflated with 
other terms

• Accuracy is “Capability of an instrument to indicate the true 
value of a measured quantity”

• Precision is “Repeatability of measurements of the same 
quantity under the same conditions; not a measure of 
absolute accuracy”
– Precision not often reported

Reference ASHRAE Guideline 2



Precision vs. Accuracy
• Example of accuracy and precision:

• A good measurement result is both accurate and precise

High accuracy, 
low precision

Low accuracy, 
High precision

Novoselac, CE 397 Lecture Notes



Uncertainty Analysis
• Some popular terms used in uncertainty analysis

45

Current Earlier Version
Precision Repeatability

Random error
Random component of uncertainty

Probable error

Bias Fixed error
Fixed component of uncertainty

Systematic error

Rathakrishnan, Instrumentation, Measurements, and Experiments in Fluids



Type of Errors
• Errors in the measurements are in two forms of:

– Fixed or systematic error (Bias)
• It is the same amount for each trial
• It is the same for each reading
• Can be removed by calibration or correction

– Random of non-repeatable error (Uncertainty)
• It is random by nature
• It is different for every reading
• Cannot be removed by calibration or correction
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Uncertainty Analysis
• The quantification of uncertainty for a measurement requires 

considering influence of the all variables
• Example: Imagine a pressure measurement use pressure 

transductors of diaphragm type

– 𝜖! to 𝜖" :Proportional error for each step
– R: Resistance
– 𝑉#$ and V%&': Input and output voltage
– 𝛿: Diaphragm displacement
– “a” to “𝑑”: measurement of each step 

47
Rathakrishnan, Instrumentation, Measurements, and Experiments in Fluids

ΔR
Δ𝛿

= a 1 ± 𝜖!
ΔV"#
Δ𝑅

= b(1 ± 𝜖$)

ΔV%&'
Δ𝑉()

= c(1 ± 𝜖*)
Δy
Δ𝑉+,-

= d(1 ± 𝜖.)



Uncertainty Analysis
• Final measurement:

• Assume all errors are very small compared to unity:

• In general:

48
Rathakrishnan, Instrumentation, Measurements, and Experiments in Fluids

𝑋 =
Δ𝑦
Δ𝛿

= 𝑎𝑏𝑐𝑑(1 ± 𝜖!)(1 ± 𝜖$)(1 ± 𝜖*)(1 ± 𝜖.)

𝜖 = 𝜖! + 𝜖$ + 𝜖* + 𝜖.

𝑋 = 𝐹(𝑎, 𝑏, 𝑐, 𝑑)

𝑑𝑋 = ;
)/!

.
𝜕𝐹
𝜕𝑛

𝑑𝑛

𝜖 = 𝜖!" + 𝜖#" + 𝜖$" + 𝜖%"



Example
• Temperature difference (Δ𝑇 = 𝑇$ − 𝑇%) is an important factor 

especially in the heat flux and transfer calculations. 
• In expensive sensors typically have +/-2 ºF as their accuracy.
• Calculate absolute and relative uncertainty in Δ𝑇 when:

– Δ𝑇 is 8 ºF
– Δ𝑇 is 20 ºF

49
Bahnfleth, AE 557 Lecture Notes



Example
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𝐸 = Δ𝑇&
𝜕Δ𝑇
𝜕𝑇&

"

+ Δ𝑇"
𝜕Δ𝑇
𝜕𝑇"

"

*+,
*,!

= *
*,!

𝑇$ − 𝑇% = −1

*+,
*,"

= *
*,"

𝑇$ − 𝑇% = 1

𝐸 = −Δ𝑇0 1 + Δ𝑇1 1 = Δ𝑇01 + Δ𝑇11



Example
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𝐸 = Δ𝑇&
𝜕Δ𝑇
𝜕𝑇&

"

+ Δ𝑇"
𝜕Δ𝑇
𝜕𝑇"

"

𝐸 = −Δ𝑇0 1 + Δ𝑇1 1 = Δ𝑇01 + Δ𝑇11

• The absolute error is 1.4 F in both Part (a) and (b)
• Relative error in Δ𝑇.

– Δ𝑇 is 8 F: 0.3
4
=17.5 %

– Δ𝑇 is 20 F: 0.3
15
=7.0 %



Inaccuracy
• Do not confuse inaccuracy with accuracy
• Inaccuracy defines as “departure from the true value due all 

causes of error such as:
– Hysteresis
– Nonlinearity
– Drift
– Temperature effects
– Other sources

Reference ASHRAE Guideline 2



Hysteresis
• Hysteresis is defined as “summation of all effects, under 

constant environmental conditions, that cause an 
instrument’s output to assume different values at a given 
stimulus point when that point is approached with increasing 
or decreasing stimulus 

53
ASHRAE Fundamentals, Chapter 14



Calibration
• Calibration is defined as:

– Process of comparing a set of discrete magnitudes or the 
characteristic curve of a continuously varying magnitude with another 
set or curve previously established as a standard

– Process of adjusting an instrument to fix, reduce, or eliminate the 
deviation defined due to the comparisons with the references curve

• Calibration process usually aims to provide calibration 
curves:
– Path or locus of a point that moves so that its graphed coordinates 

correspond to values of input signals and output deflections
– Plot of error versus input (or output)

54



Calibration
• Example of calibration:

– Setup:

– Calibration curve:

55
RP1596, Technical Report



Calibration
• Example of calibration:

– Calibration curve:

56
RP1596, Technical Report



Calibration
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Resolution
• Resolution is “the smallest detectable incremental change 

of input parameter that can be detected in the output 
signal”

• Resolution unlike precision is a psychological term For 
example:
– A CO2 sensor has a resolution of one part per million (ppm) of full 

scale
– The Accuracy is no better than 25 ppm (0.0025%)

• An instrument cannot be any better than the resolution of 
the indicator or detector

58



Range
• Range is a statement of upper and lower limits between 

which an instrument’s input can be received and for which 
the instrument is calibrated

• Accuracy is rarely constant over a range

• Consider frequent calibration
– Using standards
– Calibrate over range of interest
– Don’t use complicated calibration curves

• Anything other than linear requires justification

• Consider arrangement with multiple sensors
59



Examples
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Onset



Examples
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Examples
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TEMPERATURE SENSORS
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Common Temperature Measurement Techniques

64

• These techniques work based on:
– Increase or decrease in size (e.g. expansion or contraction)
– Increase in pressure
– Change of color
– Change of state
– Change of surface radiation
– Change of electrical resistance
– Generation of electromotive force

• What factors influence the selection of measurement 
technique?



Common Temperature Measurement Techniques
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Common Temperature Measurement Techniques
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Wisegeek.com

Liquid-in-Glass Mercy
(Discontunied as of March 2011)

Liquid-in-Glass

thermcoproducts.com

temperaturmesstechnik.de

Resistance thermometers Thermocouple

Omega.com

Globalspec.com

Bimetallic Thermometers



Common Temperature Measurement Techniques
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Resistance Temperature Devices

68

• Categorized by the material:
– Platinum
– Rhodium-iron
– Nickel
– Nickel-iron 
– Tungsten
– Copper 

• Also by:
– Simple circuit designs
– High degree of linearity
– Good sensitivity
– Excellent stability

• What’s the selection criteria? 



Resistance Temperature Devices
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• Platinum RTDs:
– Widely used for HVAC applications

– Are extremely stable and corrosion-resistant

– Are highly malleable and can thus be drawn into fine wires

– Can be manufactured inexpensively as thin films

– Have wide range of applications from 13.8033 K (triple point of 

equilibrium hydrogen) to 1234.93 K (freezing point of silver)

– Have one of the most linear relationships

– Designed with a resistance of 100 Ω at 32 ℉



Resistance Temperature Devices

70Omega.com



Thermocouples

71

• When two wires of dissimilar metals are joined by soldering, 
welding, or twisting, they form a thermocouple junction or 
“thermo-junction”

• An electromotive force (emf) that depends on the wire 
materials and the junction temperature exists between the 
wires. This is known as the Seebeck voltage

• The most common instruments of temperature measurement 
for the range of 32 to 1800°F (except platinum resistance 
thermometers)

• Because of their low cost, moderate reliability, and ease of 
use, thermocouples are widely accepted



Thermocouples
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CLASS ACTIVITY
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Class Activity
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• Form 2-3 groups

• Fill in the spreadsheet (at least 10 sensors and 4 variables): 
• https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxX

T6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=0

• You can use the materials in the next slides

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit


Class Activity
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• Some sources

https://sensing.honeywell.com/2

https://sensing.honeywell.com/2


Class Activity
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• Some sources

https://new.siemens.com/global/en/products/buildings/hvac/sensors.html

https://new.siemens.com/global/en/products/buildings/hvac/sensors.html


Class Activity
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• Some sources

https://www.johnsoncontrols.com/building-automation-and-controls/hvac-controls/control-sensors

https://www.johnsoncontrols.com/building-automation-and-controls/hvac-controls/control-sensors


SIGNAL TYPES
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Signal Types
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• Signal Types:
q Analog (mostly current or voltage)

v Analog Input (AI)

v Analog Output (AO)

q Digital (discrete signals)

v Digital Input (DI)

v Digital Output (DO)



Signal Types
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• The consideration of inputs and outputs are relative to the 
context. For example:

q Power input to the sensor and output of the sensor 

v Sensor power input (e.g., 12 VDC)

v Sensor output (e.g., 4-20 mA)

q For the integration with building automation system, we consider the 
output of the sensor as the input of the controller:

v Analog input: such as a signal from a temperature sensor to a controller

v Analog output: such as a signal from a controller to a damper 



Class Activity
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• In the context of building automation system (meaning the 
inputs/outputs to the controller is the reference), let’s look at 
some examples:

Controller

Sensor 1 Actuator 1

AI (or DI)AO (or DO) AI (or DI)AO (or DO)

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT
6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=991645145

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit


Class Activity
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Point Description
Output Input

Digital Analog Digital Analog
Supply air temperature x

Compressor stage (e.g., 1, 2, 3) x

Lighting fixtures (on/off) x

VFD (start/stop) x

Return air temperature x

Duct static pressure x

Humidity x

Supply fan status (on/off) x

VFD (speed) x

Smoke detector x

Damper position x

• The completed table is as follow:



Class Activity
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• Summary:

q AI: Can be used to send a sensor measurement (e.g., supply air 
temperature)

q DI: Can be used to indicate if a device is turned on or not (e.g., 
status)

q AO: Control the speed or position of a device, (e.g., VFD)

q DO: Open and close relays and switches (e.g., turn on lights)



SENSOR OUTPUT SIGNAL

84

Sensor



Sensor Output Signal
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• Analog output:
q Can be used to read a variable measurement
q Examples are temperature, humidity and pressure sensor 

(e.g., 4-20 mA, 0-10 volt)



Sensor Output Signal
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• 0-10 Volt analog outputs:

q Advantages:
v Ease of verification of the output signal on sites with connecting a 

voltmeter in series
v Correlate the voltage reading reading to the range on the sensor

q Disadvantages:
v Signals are also more susceptible to electrical interference from devices 

such as motors or relays leading to inaccurate output signals



Sensor Output Signal
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• 4-20 mA analog outputs:

q Advantages:
v Reading a corresponding output signal can be more cumbersome
v Require a precision resistor in conjunction with the sensor to convert 

the analog signal to a voltage signal using a voltmeter
v The output signal offers increased immunity in a noisy environment

q Disadvantages:
v Ease of validation and verification during installation and operation 



Sensor Output Signal
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• 4 to 20 mA current output signal:
q It is mostly used in a series circuit for a robust measurement signal

q It acts like a current source

q It create a constant current output for a given measurement 
independent of the supply voltage or impedance 

q It can produce the same current output at any particular point in the 
circuit (Unlike a voltage output)

q It is a relatively high-power analog output which can be used in 
measurement circuits over long distances

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/


Sensor Output Signal

89

• 4 to 20 mA current output signal:
q Exist different configurations:

v A 2-wire configuration (common)

v 3-wire configurations (0 to 20mA or 4 
to 20mA) which includes an output 
signal with a separate positive supply 
and output connection

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/
https://www.te.com/usa-en/products/sensors/pressure-sensors/pressure-transducers/pressure-sensor-vs-transducer-vs-transmitter.html

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/
https://www.te.com/usa-en/products/sensors/pressure-sensors/pressure-transducers/pressure-sensor-vs-transducer-vs-transmitter.html


Sensor Output Signal
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• 4 to 20 mA current output signal:

q When connecting to a 4-20mA transmitter to a circuit with a 
measurement load resistor it is important to ensure that there is 
sufficient supply voltage available across the transmitter positive and 
negative supply contacts particularly at full scale output

q It is used extensively because of the convenience of 2 wire 
connections

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/


Sensor Output Signal
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https://instrumentationtools.com/4-20-ma-transmitter-wiring/

https://instrumentationtools.com/4-20-ma-transmitter-wiring/


Sensor Output Signal
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https://instrumentationtools.com/4-20-ma-transmitter-wiring/

https://instrumentationtools.com/4-20-ma-transmitter-wiring/


Sensor Output Signal
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• 4 to 20 mA current output signal:
q Can be converted to voltage (1 to 5 V) with using a load resistor in 

series. For example:

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/

4 𝑡𝑜 20 𝑚𝐴 =
1 𝑡𝑜 5 𝑉
250 Ω

https://www.sensorsone.com/4-to-20-ma-current-loop-output-signal/


Sensor Output Signal
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• Millivolt output:
q Is one of the most economical output (e.g., 30mV)

q Suitable for small applications 

q The actual output is directly proportional to the pressure transducer 
input power or excitation

q With a fluctuation in the excitation, the output will change

q Due to sensitivity to the excitation level, it is recommended to use 
regulated power supplies 

https://www.omega.com/en-us/resources/pressure-transducers

https://www.omega.com/en-us/resources/pressure-transducers
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• Millivolt output:
q Since the output signal is so low, the sensor is not suitable 

electrically noisy environments

q The distances between the transducer and the readout instrument 
should also be kept relatively short

https://www.omega.com/en-us/resources/pressure-transducers https://www.omega.com/en-us/resources/pressure-transducers-troubleshooting

https://www.omega.com/en-us/resources/pressure-transducers
https://www.omega.com/en-us/resources/pressure-transducers-troubleshooting
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• 0 to 5 VDC (or 0 to 10 VDC):
q Usually includes a signal conditioning to provide a much higher 

output than a millivolt

q The output of the transducer is not normally a direct function of 
excitation; thus, unregulated power can be used

q Due to a higher output signal, can be used in noisy environments

https://www.omega.com/en-us/resources/pressure-transducers https://www.omega.com/en-us/resources/pressure-transducers-troubleshooting

https://www.omega.com/en-us/resources/pressure-transducers
https://www.omega.com/en-us/resources/pressure-transducers-troubleshooting
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• Let’s look at this specs

https://www.carelparts.com/amfile/file/download/file_id/3825/product_id/32909/

https://www.carelparts.com/amfile/file/download/file_id/3825/product_id/32909/
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• Let’s look at this specs

https://www.carelparts.com/amfile/file/download/file_id/3825/product_id/32909/

https://www.carelparts.com/amfile/file/download/file_id/3825/product_id/32909/


CLASS ACTIVITY

99


