
DOI: 10.4018/IJCPS.2020010101

International Journal of Cyber-Physical Systems
Volume 2 • Issue 1 • January-June 2020


Copyright©2020,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



1

Atmospheric Boundary Layer 
Dynamics Evaluation Using 
Piezo-Resistive Technology for 
Unpowered Areal Vehicles
Alexander Shamliev, IR-BAS, Bulgaria

Peter Mitrouchev, University Grenoble Alpes, France

Maya Dimitrova, IR-BAS, Bulgaria
 https://orcid.org/0000-0002-9975-1255

ABSTRACT

Thepaperpresentsamethodforreal-timeobservingoftheconvectionalprocessesin
theatmosphereboundarylayer.Theessenceofthemethodisinprovidingreal-time
measurement of temperature, humidity, and pressure during the flight of a glider
(soaringflight).Basedonthesemeasurements,areal-timeevaluationoftheatmosphere
dynamics ispresented.Measurementsare takenduringsoaring flightof theglider
andduringtheflightofaremotelycontrolledquadrocopter.Additionally,amethod
foratmospherethermalidentificationbythemeasuredparametersisintroduced.The
mainapplicationareasofthisworkareinunpoweredflights,aswellasinextending
theflighttimeanddistanceofpoweredaerialvehicles.Moreover,thepapercanbe
usefulinresearchandobservationofthelowestportionoftheatmosphereandmicro-
scaledatmospheredynamicsevaluation.
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1. INTRoDUCTIoN

Measuringpressure,temperatureandrelativehumidityfast enoughinordertoprovide
real-timeinformationofthemomentumstateoftheatmosphereplaysanimportant
roleinnavigationandinstrumentationapplicationsforsoaringglidersandinUAV
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(Unmannedaerialvehicles)(Akhtar,Whidborne,&Cooke,2012).Thisisachieved
viasuitableelectronicsforprovidingonlineinformationtothepilotinsidetheUAV
cockpit(Reddy,Celani,Sejnowski,&Vergassola,2016).However,asweareaware,
appropriatelight-weight multy-sensory systemsforparagliders,forexample,havenot
beendesignedyet,andthepilotreliesonintuitivedecisionsmostofthetimeofthe
soaringflight.

Sensorswithlowpowerconsumption,digitalinterfaces,miniatureandlight-weight
packing,basedonpiezo-resistivetechnologysuchasBoschSensortecBME280,for
example,areavailableatalow-costpricetodayandcanbeimplementedinthemulti-
sensorysystem(MSS)forassessmentofthemomentumstateoftheatmosphere.Atthe
sametime,mathematicalprocessingofthedataisnecessaryinordertoaccomplishthe
micro-scaleddynamicsevaluationinorderforthemulti-sensorysystemtoimplement
intelligence solutions to provide better cognitive support to the pilot rather than
just displaying raw data. One promising approach is based on ornithology studies
(Laurenza,2007),sincethesoaringofagliderandabirdsharemanycommonalities
like–beinglightweight,motor-less,relyingoncurrentatmosphericdynamicsatlow
altitudeofflight.

Numerousaccountsofbirdssoaringwithoutflappingtheirwings,rangingfrom
observationsbyLeonardodaVincitoOctaveChanutecanbefoundintheliterature
(Laurenza,2007).Birdscirclinginthermalsaretypicalexamplesfortheadvantageous
use of the atmospheric energy to preserve one’s position in the air (Ákos, Nagy,
Leven,&Vicsek.,2010).Forinstance,nowadaysdifferenttypesofglidersaresoaring
thermalsandreachinghundredsofkilometersanddozensofhoursintheairinasingle
unpoweredflight(Pagenan,1992).

Itiswellknownthattherearedifferentformsofenergyintheatmosphereboundary
layer (Ákos, Nagy, Leven, & Vicsek., 2010). Some of them are stronger, but less
predictablethanothers.Dynamicalformsofenergycanbefoundin:

1. Ridges(orographiclift,wheretheslopesofhillsandmountainsdeflectwind);
2. Atmospheric thermals (unevenheatingof theground,whichproducesbuoyant

instabilities);
3. Waves (long period oscillations of the atmosphere, which occur in the lee of

largemountainranges).Thesewaveswereused in thealtitudeflight recordby
Airbus Perlan Project, for example, (https://www.airbus.com/newsroom/press-
releases/en/2018/09/airbus-perlan-mission-ii-glider-soars-to-76-000-feet-to-
break-ow.html).Inrecentyearsalsotheoreticalandexperimentalinvestigations
of energy extraction from atmospheric turbulence are performed with main
applicationlargeaircrafts(Patel&Kroo,2008).WithUAV,however,theformsof
energy,influencingtheflight,differinscaleanddynamics,whichneedsfurther
investigationandmodeling.

Theatmospheric thermalsarethemostcommonlyusedformsofenergyforsoaring
flights.Although theyoccur frequentlyandovervarious typesof terrains, inboth
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