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Abstract:ToaddresstheproblemsaboutthedifficultyinaccuraterecognitionofdistributionfeaturesofgasflowcenＧ
teratblastfurnacethroatanddeterminetherelationshipbetweengasflowcenterdistributionandgasutilizationrate,
amethodforrecognizingdistributionfeaturesofblastfurnacegasflowcenterwasproposedbasedoninfraredimage
processing,anddistributionfeaturesofblastfurnacegasflowcenterandcorrespondinggasutilizationrateswerecatＧ
egorizedbyusingfuzzyCＧmeansclusteringandstatisticalmethods．AconceptofgasflowcenteroffsetwasintroＧ
duced．Theresultsshowedthat,whenthepercentageofgasflowcenterwithoutoffsetexceeded８５％,theaverage
blastfurnacegasutilizationratewasashighas４１％;whenthepercentageofgasflowcenterwithoutoffsetexceeded
５０％,thegasutilizationratewasprimarilythecentergasutilizationrate,andexhibitedapositivecorrelationwithno
centeroffsetdegree;whenthepercentageofgasflowcenterwithoutoffsetwasbelow５０％ butthesumoftheperＧ
centageofgasflowcenterwithoutoffsetandthatofgasflowcenterwithsmalloffsetexceeded８６％,thegasutilizaＧ
tionratedependedonboththecenterandtheedges,andwasprimarilytheedgegasutilizationrate．ThemethodproＧ
posedwasabletoaccuratelyandeffectivelyrecognizegasflowcenterdistributionstateandtherelationshipbetween
itandgasutilizationrate,providingevidenceinfavorofonＧlineblastfurnacecontrol．
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　　Blastfurnaceproductionisaseriesofcomplex
physical,chemicalandheattransferreactionsrunＧ
ningunderhightemperatureandhighpressureconＧ
ditions[１]．SinceinternalsmeltingisatypicaldarkＧ
boxoperation[２Ｇ４],itisverydifficulttoachieveaccuＧ
raterealＧtimepositioningandcontrolofgasflow
centerdistributionatblastfurnacethroat．Besides,a
reasonablegasflowcenterdistributionisanimporＧ
tantconditionthatensuressteadydescendingofburＧ
denmaterialandnormalrunningofchemicalreacＧ
tionsandheatexchangeintheblastfurnace[５Ｇ７],and
animportantrouteforsmoothandstablerunning,
energy conservation and consumption reduction,
productionincreaseandqualityimprovementofthe
blastfurnace．Therefore,tohaveaccuraterealＧtime
informationofgasflowcenterdistributionandto
determinetherelationshipbetweengasflowcenter
distributionfeaturesandgasutilizationratearevital

toblastfurnaceproductioncontrol．
　　Conventionalblastfurnaceoperationisadjusted
andcontrolledbythefurnacesuperintendentthrough
empiricaljudgmentoftheblastfurnacegasflowdisＧ
tribution．Inrecentyears,manyscholarshavestudＧ
iedgasflowrecognition methods,primarilyincluＧ
ding(１)buildingamechanism modelforgasflow
distributionbytherulesofgas movinginburden
layers[８,９],whichisverycomplicatedincomputation
andtoodifficulttoobtaintherulesofburdenlayer
motion;(２)buildinganeuralnetworkmodelbased
oncrosstemperaturemeasurementdatainorderto
recognizeblastfurnacegasflowdistributionmode[１０,１１],
whichprimarilyrecognizesburdensurfacetemperaＧ
tureandisnotabletoreflectthedistributionlocaＧ
tionofgasflowcenteraccuratelyandinrealＧtime;
(３)thelaser[１２]andultrasonic[１３]methodswhichare
usedtotesttheshapeandtemperatureoftheburden



surface,butregardlessofthegasflowdistribution;
(４)usinginfraredcameratoobservedevelopmentof
gasflowoverburdensurfacein modernblastfurＧ
naces along with developing infrared technoloＧ
gy[１４,１５]．Wuetal[１６]conducteddatafusionwithinＧ
fraredimagesandcrosstemperaturemeasurements,
mainlystudiedgasflowdevelopmentanddistribuＧ
tionintermsofgasflowindex,buthadnoinＧdepth
studyonspecificdistributionfeaturesofgasflow
centerandtheinfluencesofsuchcenterdistribution
onblastfurnaceproduction．
　　Inthispaper,a２５００m３blastfurnacewasthe
subjectofpresentstudy (withraw materialfrom
BayanOboMine)．Infraredvideodataofproduction
wasacquiredonＧlinefor１month(７２０h),andthrough
batchprocessingofmassiveinfraredimagedata,３６００
framesofinfraredimagesofgasflowperhourwere
obtained．ThedistributionfeaturesofgasflowcenＧ
tereveryhourwererecognized(ie,７２０h,３６００
framesofimageperhour)andstatisticallyquantiＧ
fied,and withtakingcrosstemperature measureＧ
mentdataintoaccount,thefuzzyCＧmeansclusteＧ
ringmethodwasemployedtocategorizeblastfurＧ
nacegasflowcenterdistributionandgasutilization
rate,andtodeterminetheirrelationship．

１　ImageProcessing
　　Itcanbeknownfrominfraredimagingprinciple
thattheintensityofinfraredlightisproportionalto
temperature．ItcanbeknownfromtheradialdistriＧ
butionofgasflowtemperatureatblastfurnacethroat
that,thestrongerthegasflow,thehigherthetemＧ
peratureandthelargerthebrightzoneoffilm;the
weakerthegasflow,thelowerthetemperature,
andconsequentiallythebrightzoneofimageisvery
smallorevenabsent．Therebytheinfraredimages

wererecognizedaccordingtothisprinciple．

１１　Imagefiltering
　　Sinceblastfurnaceironsmeltingisahighly
complexprocess,infraredimageseasilyproducenoiＧ
sesandpulseinterferencewhicharedetrimentalto
extractionofimagefeatures,sotheyhavetobefilＧ
tered．ImagefilteringmethodsincludeGaussianfilＧ
tering, median filtering and mean filtering;as
GaussianfilteringismainlyusedtofilterGaussian
noisewhileindividualmedianormeanfilteringhas
nosignificanteffect,theimagesweremainlyproＧ
cessedwithacombinationofmeanfiltering[１７]and
medianfiltering[１８]inthispaper．ThespecificproceＧ
dureisasfollows:
　　Step１SelectoneinfraredimageandthusacＧ
quireg(x,y),wherexistherownumberofanimＧ
age,andyiscolumnnumberoftheimage．
　　Step２Processtheinfraredimageg(x,y)using
meanfilteringandsaveittotheimageg１(x,y),ie．

　　　g１(x,y)＝
１
９ ∑

(x,y)∈(３×３)
g(x,y) (１)

　　Step３ForthemeanＧfilteredimage,g１(x,y)run
medianfilteringandsaveittotheimagef(x,y),
wherethevalueoff(x,y)isthegrayscaleofthe
pixel(x,y)．
　　Figs１(a)and１(b)aretheoriginalimageand
thefilteredimagerespectively．AftermeanandmeＧ
dianfilteringofanimage,notonlysomeglitches
andsaltＧandＧpeppernoiseareremoved,butalsothe
imageissmoothed,thusovercomingstochasticinＧ
terferenceeffectivelyandretainingimagedetailsand
edgesrelativelywell;moreover,theburdensurface
temperatureinformationispreservedintheformof
grayscaleimage,providingthebasisforimagefeaＧ
tureextraction．

(a)Originalgrayscaleimage;　 (b)Meanandmedianfilteredimage．
Fig１　Imagefiltering
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