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ABSTRACT

Heating, ventilation, and cooling (HVAC) is the largest source of residential energy
consumption.Occupancysensors’datacanbeusedforHVACcontrolsincetheyindicate
thenumberofpeopleinthebuilding.HVAC/sensorinteractionsshowtheessentialfeatures
of a typical cyber-physical system (CPS). However, there are communication protocol
incompatibilityissuesintheCPSinterfacebetweenthesensorsandthebuildingHVAC
server. Through either wired or wireless communication links, the server always needs
tounderstandthecommunicationscheduletoreceiveoccupantvaluesfromsensors.This
paper proposes two hardware-based emulators to investigate the use of wired/wireless
communicationinterfacesforoccupancysensor-basedbuildingCPScontrol.Theinteraction
schemebetweensensorsandHVACserverwillbediscussed.Theauthorshavebuilttwo
hardware/softwareemulationplatformstoinvestigatethesensor/HVACintegrationstrategies.
Thefirstemulatordemonstratestheresidentialbuilding’senergycontrolbyusingsensors
andRaspberrypiboardstoemulatethefunctions/responsesofastaticthermostat.Inthis
case,roomHVACtemperaturesettingscouldbechangedinreal-timewithahighresolution
basedonthecollectedsensordata.Thesecondemulatorisbuilttoshowtheenergycontrol
incommercialbuildingbytransmittingthesensordataandcontrolsignalsviaBACnetin
HVACsystem.Bothemulatorsdiscussedaboveareportable(i.e.,allhardwareunitscan
beeasilytakentoanewplace)andhaveextremelylowcost.Thisresearchteststhewhole
systemwithYABE(YetAnotherBACnetExplorer)andWebCTRL.
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1. INTRodUCTIoN

The Heating, ventilation, and air conditioning (HVAC) system provides thermal
comfort and acceptable indoor air quality. It is the single largest contributor to a
home’s energy bills, accounting for 43% of residential energy consumption in the
U.S.,and61%inCanadaandtheU.K.,whichhavecolderclimates(E.P.B.S.Energy
1997;Rathouse&Young2004).Studieshaveshownthataround25%ofthisenergy
could be saved by turning off HVAC system in residential/commercial buildings
whennobodyisinside(I.E.Center2010).An20%-30%reductioninHVACenergy
translates to thesavingsofabout$15permonth for theaveragehouseholds in the
U.S.Inorder to improveHVACsystemsandsaveenergyat thesametime,several
communicationprotocolsamongHVACunitshavebeendeveloped,suchasBuilding
Automation Control Network (BACnet), Modbus, Local Operating Network (Lon
Works)andLonTalk.

Toobservetheimpactsofsensors-HVACcommunicationsontheenergysavings,
wehaveusedrealhardwaretoemulatetwoscenariosinthiswork:energysavingcontrol
in commercial or residential buildings. Commercial building consists of multiple
singleofficesandclassrooms,whileresidentialbuildingsrefertoindividualhouses.
Insideeachroom,differentoccupancysensorsareusedtocountpeople.Thesensors
includebutnotlimitedto:CO2sensors,PIRsensors,imagesensors,andaccumulated
sensors.Thecommunicationsbetweensensorscanbebuiltviawiredorwirelesslinks.
Thewirelessconnectionscouldusedifferenttypesofcommunicationprotocols,such
asWi-Fi,Bluetooth,etc.Incontrast,wiredcommunicationcanbeachievedbyusing
EthernetorUSBconnection,etc.

The interactions between occupancy sensors and HVAC controllers have the
essentialfeaturesofatypicalCyber-PhysicalSystem(CPS):(1)Physical-to-Cyber:
Thephysicalobjects(occupantsinthebuilding)needtobecountedinrealtimein
ordertobettercontrolthefan/temperaturelevelsoftheHVAVsystems.Suchphysical
parameters(i.e.,thenumberofoccupantsinanyregion/roomofabuilding)canbe
capturedbyusingcyberunits(i.e.,computinghardware/software).Hereweusewireless
microsensors toserveascyberunits.Thesensorscan report thephysical status to
aHVACserverinreal time.(2)Cyber-to-Physical:Thecyberunitscanbeusedto
changethephysicalworld.Inthiscase,thesensordatawillbeprocessedtofindout
thedistributionsofoccupantsindifferentregionsofalargebuilding.Thus,wecan
changethephysicalobjectsbasedoncyberdata.Forexample,wecantunethefan/
aircirculationlevelsofHVACunitsintheseregions.

ThearchitectureofsuchabuildingCPS is illustrated inFigure1.Therecould
bevarioususesofoccupancysensors. Inparticular, theycan improve the security
levelsofhomesandoffices.Theycanalsosaveenergybyefficientlycontrollingthe
roomtemperature,lightingandappliances.Occupancysensorsgenerallyuseahuman
motiondetectorwitha timer.SomeothersmeasureCO2level,acousticsignals,or
humanimages.



 

 

21 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/a-low-cost-experimental-testbed-for-

energy-saving-hvac-control-based-on-human-behavior-

monitoring/272560

Related Content

Desituating Context in Ubiquitous Computing: Exploring Strategies for the

Use of Remote Diagnostic Systems for Maintenance Work
Katrin Jonsson, Jonny Holmström, Kalle Lyytinenand Agneta Nilsson (2012). Social

Influences on Information and Communication Technology Innovations (pp. 156-172).

www.irma-international.org/chapter/desituating-context-ubiquitous-computing/65892

Geometric Simplification of Cyber-Physical Systems
T. V. Gopal (2019). Cyber-Physical Systems for Social Applications (pp. 222-239).

www.irma-international.org/chapter/geometric-simplification-of-cyber-physical-systems/224423

Actor-Network Theory in Intercultural Communication: Translation through

the Prism of Innovation, Technology, Networks and Semiotics
Magdalena Bielenia-Grajewska (2009). International Journal of Actor-Network Theory

and Technological Innovation (pp. 53-69).

www.irma-international.org/article/actor-network-theory-intercultural-communication/37480

Crossing the Chasm or Being Crossed Out: The Case of Digital Audio

Players
Thierry Rayna, Ludmila Striukovaand Samuel Landau (2009). International Journal of

Actor-Network Theory and Technological Innovation (pp. 36-54).

www.irma-international.org/article/crossing-chasm-being-crossed-out/3861

Playing With Auditory Environments in Audio Games: Snake 3D
Markus Spöhrer (2019). Analytical Frameworks, Applications, and Impacts of ICT and

Actor-Network Theory (pp. 87-111).

www.irma-international.org/chapter/playing-with-auditory-environments-in-audio-games/213675

http://www.igi-global.com/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-behavior-monitoring/272560
http://www.igi-global.com/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-behavior-monitoring/272560
http://www.igi-global.com/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-behavior-monitoring/272560
http://www.igi-global.com/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-behavior-monitoring/272560
http://www.irma-international.org/chapter/desituating-context-ubiquitous-computing/65892
http://www.irma-international.org/chapter/geometric-simplification-of-cyber-physical-systems/224423
http://www.irma-international.org/article/actor-network-theory-intercultural-communication/37480
http://www.irma-international.org/article/crossing-chasm-being-crossed-out/3861
http://www.irma-international.org/chapter/playing-with-auditory-environments-in-audio-games/213675

