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Minimumsensingcellmeasurementinnetworkdomain
basedonPIRsensorarray①
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Abstract:Toreasearchontheinfraredtargetperceptionbypyroelectricinfrared(PIR)sensorinnetworkdomainmeasurement,
aclosedsensingnetworkdomaincomposedofeight-PIR-sensorarrayisproposedfortheminimumsensingcellmeasurementin
networkdomainandtorealizethemovingtargetperceptionandtrajectoryprediction.Moreover,thefeasibilityandaccuracyof
theproposedmethodareverifiedthroughexperiments.Theexperimentalresultsdemonstratethatthemaximumerrorbetween
therealtrajectoryandthepredictedtrajectoryoftheminimumsensingcellmeasurementmethodis0.64m,whichcanachieve
infraredtargetperceptionandmovingtrajectoryprediction.
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0 Introduction
 Robottechnologyhasachievedrapiddevelopment
inrecentyears.Theapplicationfieldsofrobothave
continuouslyexpandedfrom automaticproduction
linestoexplorationofoceanresourcesandeven
spacewalk.However,withregardtotheexisting
robottechnology,theabilityofanindividualrobotto
obtain,processandcontrolinformationislimited,
becauseitismuchinsufficientforcomplextaskand
changeableworkingenvironment.Therefore,itis
consideredthatthecoordinationandcooperationof
multiplerobotscan accomplish the work which
cannotorhardlybeaccomplishedbyanindividual
robot[1-3].
 Inthispaper,asensorarrayisusedtoforma
sensingnetworkdomainforrobotgroups[4-6].The
taskofnetworkdomainperceptionisaccomplishedby
thecooperationofvariousrobots,whichaccordswith
theconceptofgroup.Pyroelectricinfrared (PIR)
sensorarraygroupwithweakPIRisreplacedwith
powerfulimageequipment,whichnotonlyreduces
thecost,butalsohastheadvantagesofstronger
parallelismandrobustness[7-8].
 Theperceptionabilityofrobotgroupnetwork
domainbasedonlow-costPIRsensorarrayhasbeen
enhancedwiththeincreaseofthenumberofsensors

inthedomainsensingsystem,andcorrespondingly
thedatatobeprocessedbyrobotgroupnetwork
domainsensingsystem,includingregion,timeand
spaceinformation,aresharplyincreased.Therefore,
thedataprocessingbecomesveryimportantforthe
autonomoussensingofrobotgroupnetworkdomain.
 Inthelasttenyears,manyscholarshavecarried
outalotofpreliminaryresearchonrobotgroup
network domain sensing based onlow-cost PIR
sensorarray.Forexample,Xu,etal.studiedthe
targetdetection method by asingle PIR sensor
array[9].Dr.XianreplacedthetraditionalFresnel
lenswithinfraredlens[10].Sun,etal.proposedthe
dynamic use of PIR sensors to realize two-
dimensionalsensing[11].Wang,etal.studiedthe
dynamictargettrackingbasedonPIRparticleswarm
optimization[12].Zhao,etal.calculatedthetarget
trajectory through dynamic and static sensors
array[13].Hou,etal.furtherstudiedthedynamic
andstatictargettrajectorypredictiontechnology,
whichlaidafoundationforautonomousperceptionof
robotgroupnetworkdomain.

1 Minimum sensingcellinnetwork
domain

 All-weatherwarningappliedtoaspecificareaaims
ataccuratelyidentifyingthetargetpassingthrough
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thesensingareaand measuringthepositionand
trajectory.Theminimumsensingcellcomposedof
foursensingplatformsisnotonlythemostbasicpart
ofnetworkdomain,butalsothemostefficientcellto
realizespatialsensing.Theminimumsensingcellis
responsiblefor flexible perception of battlefield
situation information according to geographical
environment,information collection,information
transmission,andinformationfusionthroughhigh-
speeddynamicnetwork.Therefore,the minimum
sensingcelltechnologyisankeypartforcooperative
sensing.

1.1 Theorybase

 The minimum sensing celltechnology is an
important part of network domain sensing
technology.Bystudyingthelayoutandquantityofa
sensingplatform,thesensorarrayonthesensing
platformisusedtoconstructtheminimumsensing
cellofnetworkdomainforperceptionoftheintrusion
targetandpredictionofitsmovingtrajectory.
 A minimum sensingcellisadynamicsensing
platformwithinformationprocessingmodule,which
can perform primary fusion processing on the
informationcollected bycompositesensorarray.
Thesedynamicsensing platformshaveaspecific
layoutandnumber,aunifiedtime-basedstandardand
aglobalcoordinatesystem.Usinganyplatformas
the“clusterhead”,theinformationatthedecision
levelinthenetworkdomainisfusedtopredictthe
targetpositioningandtrajectory,sothattheoptimal
sensingeffectforthesituationofthedesignatedarea
isachieved.

1.2 Composition

 AlthoughthedynamicuseofPIRsensornotonly
solves the contradiction between the detection
distanceandthedetectionangle,butalsorealizes
360°detection,itislikelytobeaffectedbythe
environmentandhaspooranti-interferenceability.In
theexperiment,itisfoundthatsomesmallchangeof
environmentswillaffecttheaccuracyofdetectionand
increasethefrequencyofmisinformation.Therefore,
theperceptionmodeofeightstaticPIRsensorsis
proposed,which can make upforthe deficient
perceptualabilityoffourPIRsensorsandimprove
thestabilityofthesystem andreducethesensor
data.Thisisconvenientfordataanalysisandmore
suitablefornetworkswithalargenumberofsensors.
 A singlerobotsensingplatform in perceptual

network domain is a star-shaped sensor array
composedofeightPIR sensorsandtheinfrared
informationperception“line”withtheangleof3°(3°
conicalregion),asshowninFig.1.

Fig.1 Schematicdiagramofasinglerobotperceptionplatform

 Althoughthesinglerobotperceptionplatformcan
perceiveineightdirections,itcannotformaclosed
sensingregiontorealizetheleaklessperceptionofthe
intrusiontarget.Foursinglerobotsensingplatforms
canconstructtheminimumsensingcellinrectangular
domainasshowninFig.2,completea360°closed
perceptualregionandrealizeleaklessperception.

Fig.2 Schematicdiagramofminimumsensingcellindomain

Fig.3 Networkdomainsensingdiagram

 Nminimumsensingcellsinthedomaincanachieve
situationalsensingdeploymentinbattlefielddomain,
asshowninFig.3.Theclosedperceptualdomain
coversthe wholedutyarea.Anytargetpassing
throughthisdomainisboundtobeperceived,and
thetrajectoryispredictedthroughtheautonomous
informationfusionofthedomain.

2 Measurementmethodfortrajectory
 Thetargetisassumedtokeepuniformlinear
motionfrom (x0,y0)inashortdistance.The
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velocityisv;theintrusionangleisα;t1,t2,t3,t4
andt5aretheintersectionpointsofthesensorsfound
forfivetimes,asshowninFig.4.

Fig.4 Sensingplatformcollaborationlocalization

 Thelinearequationofthetargetcanbeexpressedas

x=x0+tvcosα, (1)

y=y0+tvsinα. (2)

 SensornodeR0findsthetargetforthefirsttimeat
t1.Theanglevalueθ1isgiven.Thelinearequation
canbeexpressedas

y=tanθ1. (3)

 Thedetectiontimet1is

t1 = y0-x0tanθ1
vcosα·tanθ1-vsinα. (4)

 Similarly,thetimeswhenthetargetisfoundfor
thesecond,thirdandfourthtimesare

t2 = y0-(x0-d)tanφ1
tanφ1·vcosα-vsinα

, (5)

t3 = y0-x0tanθ2
vcosα·tanθ2-vsinα

, (6)

t4 =
(y0+d)-x0tanδ1
tanδ1·vcosα-vsinα

, (7)

t5 =
(y0+d)-(x0-d)tanγ1
vcosα·tanγ1-vsinα . (8)

 ThetimedifferenceΔtwhenthetargetisfoundfor
thefifthtimeis

Δt1 =t2-t1 = y0-(x0-d)tanφ1
tanφ1·vcosα-vsinα-

y0-x0tanθ1
vcosα·tanθ1-vsinα

, (9)

Δt2 =t3-t2 = y0-x0tanθ2
vcosα·tanθ2-vsinα-

y0-x0tanθ1
vcosα·tanθ1-vsinα

, (10)

Δt3 =t4-t3 =
(y0+d)-x0tanδ1
tanδ1·vcosα-vsinα-

y0-x0tanθ1
vcosα·tanθ1-vsinα

, (11)

Δt4 =t5-t1 =
(y0+d)-(x0-d)tanγ1
vcosα·tanγ1-vsinα -

y0-x0tanθ1
vcosα·tanθ1-vsinα. (12)

 Thefourvariables (x0,y0),vandαcanbe
obtainedthroughtheaboveequationstomeasurethe
movingtrajectoryofthetarget.

3 Targetsensingexperiment
 In the experiment,by comparing the actual
trajectoryofthetargetpassingthroughtheminimum
sensingcellwiththemeasuredtrajectory,itcanbe
determinedwhethertheminimumsensingcellcan
accuratelypredictthetargettrajectory.
 Theremotecontrolterminal writtenin C #
languageis used asthe display platform.The
collectedsensordataareanalyzedandprocessedto
selectthecorrecttargetinformation.Thetarget
trajectoryis obtained and drawn by using the
minimum sensing unit trajectory measurement
method.

3.1 Experimentallayoutandmethod

 Theexperimentadoptsfourrectangularminimum
sensingcellswitheightPIRsensors,asshownin
Fig.5.Nos.1-4intheleftimagerepresentthefour
sensingplatforms,andtherightimagerepresentsthe
distribution of 8-channel sensors on the single
sensingplatform.

Fig.5 Sensingplatformlayoutandsensordistribution

 Intheexperiment,humanbodyisselectedasthe
infraredtarget.Thetrajectoryequationsarey=12
andy = 0.4x + 6.The sensorinformationis
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collected,andthetrajectoryequationofthetarget
modeiscalculated.Comparedwiththerealtrajectory
equationofthetarget,itcanbeverifiedthatthe
minimum sensingcell measurementtechnologyin
networkdomaincanaccuratelypredictthetrajectory
equationofthetarget.

3.2 Experimentaldataandresults

 Thedatarecordofexperimentalacquisitionmode1
isshowninTable1.
 Accordingtotheinfrareddatacollectedinmode1,
thepredictedtrajectorycanbecalculatedbyusingthe
minimumsensingcellmeasurementtechnologyinthe
networkdomain.
 Itcan bepredictedthatthetargettrajectory
equationisy=0.346x+6.346.

Table1 Dataacquisitionrecordingofmode1

Sensor
No.

Sensingplatform
No.

Time
(ms)

4 1 11827590
4 1 11831381
3 1 11841848
8 4 11856216
5 3 11860303
5 3 11864110
1 3 11876605
8 3 11882081
2 3 11891878
2 3 11900817
8 3 11907509

 Thedatarecordofexperimentalacquisitionmode2
isshowninTable2.
 Accordingtotheinfrareddatacollectedinmode2,
thepredictedtrajectorycanbecalculatedbyusingthe
minimumsensingcellmeasurementtechnologyinthe
networkdomain.
 Itcan bepredictedthatthetargettrajectory
equationisy=0.024x+11.34.

Table2 Dataacquisitionrecordingofmode2

Sensor
No.

Sensingplatform
No.

Time
(ms)

5 4 1719380
5 4 1723155
1 4 1726931
6 2 1732937
8 4 1733280
6 2 1736993
5 3 1746727
3 2 1754262
8 3 1760954
7 2 1772420
7 2 1776055

 Therealtrajectoryequationsofthetwomodesare
comparedwiththepredictedtrajectoryequation,as
showninFig.6.Itcanbeseenthatthemaximum
errorbetweenrealtrajectoryandpredictedtrajectory
is0.64m.Whenthetargetpassesthroughmultiple
minimum sensingcellsinthedomain,theerror
betweenthemeasurementtargettrajectoryandthe
realtrajectorycanbecorrectedcontinuously,and
more accurate target perception and trajectory
predictioncanberealized.

Fig.6 Comparisonbetweentargettesttrackandrealtrack

4 Conclusion
 InviewofthenetworkdomainsensingofPIR
sensors,the minimum sensing cell measurement
technologyinnetworkdomainwasstudied,andthe
measurementmethodbasedonPIRsensorarraywas
designed. A closed sensing network domain
composedofeightstaticPIR sensorsarrays was
proposed.Infraredtargetsensingandmeasurement
using the minimum sensing unit measurement
technologyinnetworkdomaincannotonlyguarantee
thetargetsensingefficiency,butalsosolvethe
problemthatdynamicuseofPIRsensorswhichis
vulnerableto smallenvironmentalchanges.The
experimentalresultsdemonstratethattheminimum
sensingcellmeasurementtechnologycanaccurately
perceivetheinfraredtargetandpredictthetrajectory
ofthetargetpassingthroughtheperceptualregionat
auniformspeed,andthemaximumerrorbetweenthe
realtrajectoryandthepredictedtrajectoryisbelow
4.2%.
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基于PIR传感器阵列的网域最小感知单元测量技术
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摘 要: 为研究红外热释电(Pyroelectricinfrared,PIR)传感器在网域测量中对红外目标感知问题,提出利

用8路红外热释电传感器阵列组成封闭的感知网域,探究网域最小感知单元测量方法,完成对运动目标的

感知和轨迹预测,并设计实验验证该测量方法的可行性和准确性。实验结果表明,网域最小感知单元测量方

法的预测轨迹和真实轨迹间的最大误差为0.64m,可以完成红外目标感知及运动轨迹预测。
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