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Recap
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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)



Recap
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• We look at the context of building automation system to 
define inputs and outputs to a controller:

Controller

Sensor 1 Actuator 1

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



Recap
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• It is always good to look at drawings from different design 
firms:



Recap
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• It is always good to look at drawings from different design 
firms:



Recap
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• System vs. component 



Recap
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Recap

8

• 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)



Recap
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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



Recap
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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)



Recap
There are two types of measurements:

• Primary measurements

• Derived measurements

11



Recap
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• Sensor 

• Transducer 

• Transmitter 



Recap
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• Two main types of data transmission: 
q Hard-wired 
q Wireless



Recap
• Data acquisition is an 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

14
ASHRAE Fundamentals



CLASS ACTIVITY
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Class Activity
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• Form 3 or 4 groups

• Look at “cae438_538_f21 lecture03 Instrumentation 
M703_T …” file on Blackboard

• Each pick one system and fill in the spreadsheet: 
https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJx
XT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=134215219
5

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


TEMPERATURE SENSORS
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Common Temperature Measurement Techniques
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• These techniques work based on:
q Increase or decrease in size (e.g., expansion or contraction)

q Increase in pressure

q Change of color

q Change of state

q Change of surface radiation

q Change of electrical resistance

q Generation of electromotive force

• What factors influence the selection of measurement 
technique?



Temperature Sensors
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• Temperature-sensing elements generally detect changes in 
either 
q Relative dimension (caused by differences in thermal expansion)
q The state of a vapor or liquid
q Some electrical property

• Within each category, there are a variety of sensing 
elements to measure room, duct, water, and surface 
temperatures



Temperature Sensors
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• For example, in the case of temperature, common sensor 
types are:
q Thermistor (electric resistance decreases as temperature 

increases)

q RTDs (resistance temperature devices): Electric resistance 
increases as temperature increases



Common Temperature Measurement Techniques

21

Wisegeek.com

Liquid-in-Glass Mercy
(Discontinued 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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Common Temperature Measurement Techniques
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Resistance Temperature Devices
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• Categorized by the material:
q Platinum
q Rhodium-iron
q Nickel
q Nickel-iron 
q Tungsten
q Copper 

• Also by:
q Simple circuit designs

q High degree of linearity

q Good sensitivity

q Excellent stability



Resistance Temperature Devices
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• Platinum RTDs:

q Widely used for HVAC applications
q Are extremely stable and corrosion-resistant
q Are highly malleable and can thus be drawn into fine wires
q Can be manufactured inexpensively as thin films
q Have wide range of applications from 13.8033 K (triple point of 

equilibrium hydrogen) to 1234.93 K (freezing point of silver)
q Have one of the most linear relationships
q Designed with a resistance of 1000 Ω at 32 ℉

• The most Platinum RTDs is ”Pt-1000-sensor”
– 0 °𝐶 = 1000 Ω
– Temperature increases or decreases by 3.85 Ω/K



Resistance Temperature Devices

26
Omega.com



Thermocouples
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• 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 (create a voltage)

https://www.powersystemsdesign.com/articles/the-abcs-of-thermocouples/39/12198b

https://www.powersystemsdesign.com/articles/the-abcs-of-thermocouples/39/12198b


Thermocouples
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• Thermocouples are:

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

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



Thermocouples
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Temperature Sensors
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https://new.siemens.com/global/en/products/buildings/hvac/sensors/temperature.html

• Some sources

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


Some Resources

31

• Some sources

https://sensing.honeywell.com/2

https://sensing.honeywell.com/2


Some Resources
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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


Some Resources
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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


Some Resources
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• Some sources

https://ebtron.com/document-library/

https://ebtron.com/document-library/


Some Resources
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https://www.omega.com/en-us/sensors-and-sensing-equipment/temperature/c/sensors

• Some sources

https://www.omega.com/en-us/sensors-and-sensing-equipment/temperature/c/sensors


Some Resources
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https://www.vaisala.com/en/products/instruments-sensors-and-other-measurement-devices/instruments-industrial-measurements/hmd60

• Some sources

https://www.vaisala.com/en/products/instruments-sensors-and-other-measurement-devices/instruments-industrial-measurements/hmd60


HUMIDITY MEASUREMENT
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Humidity Sensors
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• Humidity sensors, also known as hygrometers, measure 
humidity or psychrometric state of air

• A hygrometer can encompass:
q Wet-bulb temperature
q Relative humidity
q Humidity (mixing) ratio
q Dew point
q Frost point



Humidity Sensors
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Humidity Sensors

40https://sensing.honeywell.com/sensors/humidity-sensors

https://sensing.honeywell.com/sensors/humidity-sensors


AIRFLOW & PRESSURE
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Airflow Rates
• How do we measure airflow rates?

q Fan power (need fan curve)
Ø Clip-on amp meter 

q Differential pressure
Ø Manometer (various kinds)

q Velocity
Ø Pitot static tube
Ø Anemometer (various kinds: deflecting vane, revolving vane, propeller, 

hot-wire, thermal mass)

q Airflow
Ø Cross-sectional velocity
Ø Flow hoods (i.e., velocity through known area)
Ø Various kinds

42
ASHRAE Standard 111-2008 Measurement, Testing, Adjusting, and Balancing of Building HVAC Systems



Airflow Rates

43
Instrumentation, Rathakrishnan

• Pressure measurements using 
manometer
q Advantage: 

v Easy to fabricate
v Accurate for steady-state measurements

q Disadvantages: 
v Not suitable for very high or very low 

measurements

v Very poor frequency response

v A little bit of dirt in the tube or bubble in a 
line or presence of condensate can result 
in anomalous readings



Airflow Rates
• Calculate velocity based on total and static pressure using 

the Bernoulli equation

44

Pitot

Static

Pitot-StaticInstrumentation, Rathakrishnan



Airflow Rates
• Look at some options:

45https://www.grainger.com/category/test-instruments/pressure-and-vacuum-measuring/pressure-and-vacuum-gauges/pressure-and-vacuum-gauge-
accessories/differential-pressure-gauge-accessories

https://www.grainger.com/category/test-instruments/pressure-and-vacuum-measuring/pressure-and-vacuum-gauges/pressure-and-vacuum-gauge-accessories/differential-pressure-gauge-accessories


Airflow Rates
• Mechanical pressure gauges couple a pressure sensor to a 

mechanical readout, typically a pointer and dial
• Common type uses a Bourdon tube sensor, which is 

essentially a coiled metal tube of circular or elliptical cross 
section

46
Wikibelog.com



Airflow Rates
• Electromechanical transducers work based on producing a 

total strain produced on the diaphragm is proportional to the 
pressure applied

• For circular diaphragm:

– 𝛿:	deflection
– 𝑝:	pressure
– 𝑎:	radius	of	the	diaphragm
– 𝐸:	Young’s	module
– 𝑡:	thinness	of	the	diaphragm
– 𝜇! : Poisson"s ratio

47
Instrumentation, Rathakrishnan

𝛿 =
3𝑝𝑎!

16𝐸𝑡"
1 − 𝜇#"



Measuring Flow in Ducts by Velocity
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• Velocity in a duct is not 
uniform across:
q Any section
q Pitot tube reading
q Thermal anemometer

• Avoid measuring at only one 
location

• Understand:
q Lowest velocity occurs near the 

edges or corners 
q Greatest at or near the center



Measuring Flow in Ducts by Velocity
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• log-Tchebycheff (log-T) rule or, if 
care is taken, by the equal-area 
method



MEASURING FLOW IN DUCTS 
BY VELOCITY
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Measuring Flow in Ducts by Velocity
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Li thesis, PSU 2014



Measuring Flow in Ducts by Velocity
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Li thesis, PSU 2014



Measuring Flow in Ducts by Velocity
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• Ebtron GP1 Flow Station (insertion probes): 
https://ebtron.com/wp-content/uploads/documents/IG_P_INT.pdf

• Ebtron GTx116 analog output transmitter: https://ebtron.com/wp-
content/uploads/documents/GTx116-P+_Overview.pdf

Martin dissertation, PSU 2014 and Li thesis, PSU 2014

https://ebtron.com/wp-content/uploads/documents/IG_P_INT.pdf
https://ebtron.com/wp-content/uploads/documents/GTx116-P+_Overview.pdf


CLASS ACTIVITY
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Class Activity
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• Form 3-4 groups

• Fill in the spreadsheet (at least 3 air flow rates sensors):

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBq
UXnwBSBuR8Dkz4f7c/edit#gid=1229752403

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


WATER FLOW STATION
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Water Flow Station
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https://www.omega.com/en-us/sensors-and-sensing-
equipment/flow/variable-area-flow-meters/p/FLR-D

https://www.omega.com/en-us/sensors-and-sensing-equipment/flow/variable-area-flow-meters/p/FLR-D


Water Flow Station

58
Li thesis, PSU 2014



CO2 CONCENTRATIONS
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CO2 Concentrations

• Common CO2 measurement techniques are:
q Non-dispersive infrared (NDIR) à most common

q Electrochemical (reduce CO2 à generate current)

q Photoacoustic (CO2 absorbs light energy à measure pressure 
change)

q Photoacoustic effect relates pressure change to CO2

concentration

q Potentiometric (CO2 into solution – changes pH)

q Gas chromatography w/ MS or TCD
vHigh sensitivity
vHigh cost

60



CO2 Concentrations
• Non-dispersive infrared (NDIR) sensor measures the 

infrared light absorbed by CO2 as it passes through a flow-
through IR absorption cell 
– CO2 peak absorbance @ 4.3 µm (higher CO2, higher absorption)

• Possible interference from other species (H2O, CO)
• Interferences from other IR-absorbing gases are minimized by use of a 

highly wavelength-specific detector

61



CO2 Concentrations
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Jareemit, PSU Dissertation

• Examples of CO2 sensors are:



LIGHTING SENSORS
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Lighting Sensors
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• A few vendors in the US are:
q Lutron

q Wattstopper

q Nlight

q Leviton

q Amatis



Lighting Sensors
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• Wattstopper examples are:

https://www.legrand.us/lighting-controls-building-systems/sensors.aspx

https://www.legrand.us/lighting-controls-building-systems/sensors.aspx


Lighting Sensors
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• Lutron examples are:

https://www.lutron.com/en-
US/Products/Pages/Sensors/Occupa

ncy-Vacancy/Occupancy.aspx

https://www.lutron.com/en-US/Products/Pages/Sensors/Occupancy-Vacancy/Occupancy.aspx


Lighting Sensors
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• Lutron examples are:

https://www.lutron.com/TechnicalDocumentLibrary/369480_ENG.pdf

https://www.lutron.com/TechnicalDocumentLibrary/369480_ENG.pdf


Lighting Sensors
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• Lutron examples are:

https://www.lutron.com/TechnicalDocumentLibrary/369480_ENG.pdf

https://www.lutron.com/TechnicalDocumentLibrary/369480_ENG.pdf


Lighting Sensors
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• Lutron examples are:

https://www.lutron.com/en-
US/Products/Pages/Sensors/RadioPowrSavrDaylightSensor/Overview.aspx

https://www.lutron.com/en-US/Products/Pages/Sensors/RadioPowrSavrDaylightSensor/Overview.aspx


Lighting Sensors
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• nLight examples are:

https://www.acuitybrands.com/products/detail/1085254/nlight/rcmsb/nlight-air-
wireless-ceiling-mount-sensor

https://www.acuitybrands.com/products/detail/1085254/nlight/rcmsb/nlight-air-wireless-ceiling-mount-sensor


Lighting Sensors
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• Amatis examples:

https://static.amatiscontrols.com/1942_Sensor1-2%20Spec%20Sheets.pdf

https://static.amatiscontrols.com/1942_Sensor1-2%20Spec%20Sheets.pdf


Lighting Sensors
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• Lighting sensors and lighting fixtures



CLASS ACTIVITY
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Class Activity

74

• Form 3-4 groups

• Fill in the spreadsheet

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBq
UXnwBSBuR8Dkz4f7c/edit#gid=1229752403

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


SHADING DEVICES
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Shading Devices
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• Some examples

https://www.somfysystems.com/en-us/products/smart-home-controls/controls/sensors

https://www.somfysystems.com/en-us/products/smart-home-controls/controls/sensors


CLASS ACTIVITY
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• Form 3-4 groups

• Identify a few other vendors and fill in the spreadsheet

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBq
UXnwBSBuR8Dkz4f7c/edit#gid=1229752403

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


CLASS ACTIVITY
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Class Activity
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• Consider designing and selecting sensors to measure 
temperature, humidity, air flow, and water flow for the 
ASHRAE AHU facility 



Class Activity
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Class Activity
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