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Abstract

Anovelweighmgmethodfbrｉｎ－ｍｏｔｉｏｎｖｅｈｉｃｌｅｓｉｓｓｅｔｕｐｉｎｔｈｉｓpaper・Themeasurement

principleisdescrｉｂｅｄａｎｄｔｈｅｅｓｔｉｍａｔｉｏｎｆｂｒｍｅａｓｕｒｅmentuncertaintybyGreyError

Theoryispresented・Theoreticalanalysisandexperimentalresearchshowthismethodcan

bｅｕｓｅｄｔｏｓｏｌｖｅｔｈｅｗｅｉｇｈｉｎｇｐroblemfbrin-motionvehicleswitharatherhighaccuracy．

Ｋｅｙｗｏｒｄｓ：Vehicleweighing,Measurementuncertainty,Greyestimation

１．１，troduction

Withthedevelopmentoftransportationandcarryingtrade，ｔｈｅｎｕｍｂｅｒｏｆｏｖｅｒ－ｌｏａｄｅｄ

ｖｅｈｉｃｌｅｓａｎｄｔｈｅｉｒｓｐｅｅｄｈａｓｇｏｔｌａｒｇｅｒａｎｄｌａｒｇｅｒ・Ｔｈｅｗｅｉｇｈｉｎｇｏｆｉｎ－ｍｏｔｉｏｎｖｅｈｉｃｌｅｓis

becomingveryimportantfbrtrafｆｉｃｓｕｐｅｒｖｉｓｉｏｎａｎｄｃｏｎｔｒｏｌｉｎｎｏｗａｄａｙｓThestrict

regulationsfOrtheloadａｎｄｓｐｅｅｄｏｆｉｎ－ｍｏｔｉｏｎｖｅｈｉｃｌｅｓｗｏｕｌｄｔｈｕｓｂｅｎｅｃｅｓｓａｒｙｂｅｃａｕｓｅ

ｔｈｅｏｖｅr-loadedvehiclesandtheirhighspeedwouldprobablycauseseriousprｏｂｌｅｍｓｓｕｃｈ

ａｓｄａｍａｇｅｔｏｔｈｅｒｏａｄｓ，ｐｕｂｌｉｃｎｕｉｓａｎｃｅｄｕｅｔｏｎｏｉｓｅｏｒｖｉｂｒａｔｉｏｎａｎｄ,ｗｈａｔｉｓｍｏｒｅ，they
couldbeoneofthehiddentroublesoftheserioustrafficaccidents[Ｌ２１

Ｔｈｅｗｅｉｇｈｉｎｇｉｎｓｔｒｕｍｅｎｔｕｓｅｄｔｏcontroltheover-loadedvehiclesinmanyhighwaysis

usuallyaxle-weighingsystemThissystemgivesthetotalweiｇｈｔｏｆａｖｅｈｉｃｌｅｂｙｍｅａｓｕｒｉｎｇ
ｅａｃｈａｘｌｅｗｅｉｇｈｔａｓｉｔｐａｓｓｉｎｇｔｈｒｏｕｇｈａｓｐｅcificroad-weighbridgeTakingtheｖｉｂｒａｔｉｏｎ

ｃｏｍｐｏｎｅｎｔｃａｕｓｅｄｂｙｔｈｅｍotionofvehiclemtoaccount，ｔｈｅｍｅａｓｕｒｅｄｓｉｇｎａｌｓａｒｅｕｓｅｄｔｏ
ｅｓｔｉｍａｔｅｔｈｅｔｏｔａｌｗｅｉｇｈｔ

ｌｎｒｅｃｅｎｔｙｅａｒｓｔｈｅｒｅａｒｅｓｏｍｅｎｅｗｍｅｔｈｏｄｓａｎｄｔｈｅoreticalapproachindynamicmass

(ｗeight)measurementM・AmongthemtheFrequency-ControlledMethod[5]ｉｓｏｎｅｏｆｔｈｅ
ｍｏｒｅａｃｃｕｒａｔｅｍｅｔｈｏｄＴｈerefbreitismoredesｉｒａｂｌｅｆｂｒｍａｓｓｍｅａｓｕｒｅｍｅｎｔｕｎｄｅｒ

ｗeightlessconditions・

Ｉｎｔｈｉｓｐａｐｅｒｗｅｐｒｏｐｏｓｅｄａｐｒａｃｔｉｃａｌｗｅｉｇｈｉｎｇｍｅｔｈｏｄ、Ｔｈｉｓｍｅｔｈｏｄｉｓａｐｐｌｉｅｄｔｏｔｈｅ

ｒｅａｌｄａｔａｏｆｃａｂ－ｏｖｅｒ－ｅｎｇｉｎｅｔｒｕｃｋｓｉｎｍａｎydifferentsituationsAnovelalgoｒｉｔｈｍｍｏｄｅｌ

ｕｓｉｎｇＧｒｅｙＥｒｒｏｒＴｈｅｏｒｙ[6］ｔｏｅｓｔｉｍａｔｅｔｈｅｍｅａｓｕｒｉｎｇａｃｃｕｒａｃｙｉｓａｌｓｏｄｅｖｅｌｏｐｅｄＴｈｅ
ｍｅａｓｕｒｅｍｅｎｔｒｅｓｕｌｔｉｓａｌｓｏｃｏｍｐａｒｅｄｔｏｔｈｅｃｏｎｖｅｎｔｉｏｎａｌｍｅｔｈｏｄｔｏｄｅｔｅｒｍｉｎｅｔｏｔａｌ

ｗｅｉｇｈｔｓｏｎｔｈｅａｃｃｕｒａｃｙｏｆｔｈｅｏｂｔａｉｎｅｄｖａｌｕｅｓＴｈｅｉｍｐｒｏｖｅｍｅｎｔｂｙｔｈｉｓｍｅｔｈｏｄａｎｄｔｈｅ

ｎｅｗａｌｇｏｒｉｔｈｍｍｏｄｅｌｏｎｔｈｅａｃｃｕracycanbeshownclearly．
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2．ＭｅａｓｕｒｅｍｅｎｔＰｒｉｎｃｉｐｌｅａｎｄＥｘｐｅｒｉｍeｎｔｓ

２１MeasurementPrinciple

Thedetectｏｒｏｆｔｈｅｗｅｉｇｈｉｎｇｓｙｓｔｅｍｉｓａｒｏａｄ－ｗeighbridgethatisinstalledintheｒｏａｄ，

suchthatthesurfaceoftheroad-weighbridgeisjustatthesameleveloftheroadThe

roadweighbridgeisneａｒｌｙａｓｌｏｎｇａｓｔｈｅｄｉａｍｅｔｅｒｏｆａｔｉｒｅ．

anAxleWeighlngSystem

Fig、１Aroad-weighbridgeofanaxleweighingsystem

ＡｓｓｈｏｗｎｉｎＦｉｇ､１，theaxleweighingsystemmeasureseａｃｈａｘｌｅｗｅｉｇｈｔｏｆａｖｅｈｉｃｌｅ

ｗｈｉｌｅｉｔｐａｓｓｅｓｔｈｅｒｏａｄ－ｗｅｉｇｈｂｒｉｄｇｅＴｈｅｔｏｔａｌｗｅｉｇｈｔｏｆｔｈｅｖｅｈｉｃｌｅｃｏｕｌｄｂｅｅｓｔｉｍａｔｅｄ

ｂｙｕｓｉｎｇｔｈｅｗｈｏｌｅｓｉｇｎａｌｓｔｈａｔａｒｅｏｂｔａｉｎｅｄｗｈｉｌｅｔｈｅｖｅｈｉｃｌｅｐassesthroughthe
road-weighbridge

Theconventionalcalculatingmeｔｈｏｄｉｎｔｈｅａｘｌｅｗｅｉｇｈｉｎｇｓｙｓｔｅｍｓｉｓcalled

"MeanValueMethod，'・Ｂｙｔａｋｉｎｇｍｅａｎｖａｌｕｅｏｆｅａｃｈｓｅｇｍｅｎｔｅｄｐａｒｔｏｆｔｈｅｓｉｇｎａｌｏｂｔａｉｎｅｄ

ｗｈｉｌｅｔｈｅａｘｌｅｉｓｃｏｍｐｌｅｔｅｌｙｏｎｔｈｅｒｏａｄ－ｗeighbridge，ｅａｃｈａｘｌｅｗｅｉｇｈｔｃａｎｔｈｕｓｂｅ
determined[7]．

Ｈｏｗｅｖｅｒｔｈｉｓｍｅｔｈｏｄｄｏｅｓｎｏｔｔａｋｅｔｈevibrationcomponentintoaccount，ａｎｄｔｈｕｓｔｈｅ

ａｃｃｕｒａｃｙｏｆｔｈｅｄｅｔｅｒｍｉnedaxleweightsisinevitablylow・Ｗｅｄｏｎｏｔｔｈｉｎｋｉｔｗｏｕｌｄｂｅ

ａｃｃｅｐｔｅｄｆbrmorestrictregulationoftheover-loadedvehiclesinthefUture・

Bydoingcarefilllyanalysisfbrtiｍｅbehaviorofthesignalfromtheroad‐

weighbridgeespeciallythevibratiｏｎｃｏｍｐｏｎｅｎｔｃontainedinthemeasurementprocess，

ｗｅｈａｖｅｍａｄｅｃｌｅａｒｔｈｅｃａｕｓｅｏｆｔｈｅｖｉbrationsThedynamicequationsofthemotionmodel

weregiven,andanovelestimationmethodfbrtotalweightofin-motion

vehicleswassetup[8１

２．２Ｅｘｐｅｒｉｍｅｎｔｓ

Ｔｈｅｍｅｔｈｏｄｗａｓａｐｐｌｉｅｄｔｏｒｅａｌｄａｔａｏｆｃａｂ－ｏｖｅｒ－ｅｎｇｉｎｅｔｒｕckswith2axlesand

cab-over-enginｅｔｒｕｃｋｓｗｉｔｈ３ａｘｌｅｓｉｎｍａｎｙｓｉｔｕａｔｉons・Ｔｈｅｍａｘｉｍｕｍａｕｔｈｏｒｉｚｅｄｐａｙｌｏａｄ

ｏｆｔhecab-over-enginetruckwith2axlｅｓａｎｄｔｈｅｃａｂ－ｏｖｅｒ－ｅｎｇｉｎｅｔｒｕｃｋｗｉth3axlesused

intheexperimentsis8,000kgand10,000kg,respectively[8１

Ｉｎｔｈｉｓｐａｐｅｒｗｅｏｎｌｙｄｉｓｃｕｓｓｔｈeconditionsofcab-over-enginetruckwith3axles，ｔｈｅ

ｍａｘｉｍｕｍａｕｔｈｏｒｉｚｅｄｐａｙｌｏａｄｏｆｌ0,000ｋｇ，ａｎｄｔｈｅｏｖｅｒ－ｌｏａｄｅｄｏｆ１５０％withavelocityof

lOkm/hThelneasurementswereconductedindifferentplacesanddifferenttimeswith

differentloads．
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aGreyEstimationfOrMeasurementUncertainty

TheGreyErrorTheory[6]ｉｓａｎｅｗｔｈｅｏｒｙｄｅｖｅｌｏｐｅｄｉｎｒｅｃｅｎｔｙearsItisespeciallyused
tosolvethemeasurementissue,whichthetraditionalStatisticalTheoryisnotsuitable．

TａｂｌＨｏｋｋｏＷｅｓｔＳｔａｔｉｏｎ Ｔａｂ２ＴａｋａｉｓｈｉＳｔａｔｉｏｎ

WeightValue(kg） WeightValue(kg）

1三町五 7二i電Ｔｒｕｅ Tｒｕｅ

２４９７９．１１ ２４５４２．４４ ２５９６２５９ ２６１８３３９１

２

３

４

５

ｊＷｅｒａｇｅ

Ｅｒｒｏｒ

ＧＳ.Ｄ・

ＳＤ．

５》
２４５０５０９ ２４３０９．３３ ２６４０６４９ ２６７０１．４９

２４８１８．１７ ２４５２７．４０ ２５９３３．１９ ２６３３１．８９

２４８２６．７０ ２４５６３９１ ２６４７６３６ ２６８１２．８３

２４８１６１７ ２４５６６．４１ ２６０８１２９ ２６５４１６６2５０６６３３ 2６１２３．６９

２４７８９．０５ ２４５０１９０ ２６１７１．９８ ２６５１４２５

－２７７．２８ -５６４４３ ４８．２９ ３９０．５６

１４１９８ ９６．２９ ２６９．４３ ２５６．６１

１７３．０３ １０８．８４ ２５３．３４ ２５８．６９

Ｔａｂ３ＳａｋａｉＳｔａｔｉｏｎ Ｔａｂ４ＹａｎａｇｉｈａｒａＥａｓｔＳｔａｔｉｏｎ

WeightValue(kg） WeightValue(kg）

7UBF電 、二i更Ｍｅａｎ Tｒｕｅ Tｒｕｅ

２６８７１．２０ ２７１８５．２７ ２５９５４６１ ２６１７１．２９２３４５》恥》肌

４５》

２６４２６．１１ ２６５９３．３３ ２６０３８８０ ２６０７４９９

２６３４９５３ ２６２９８９６ ２５９６８．４０ ２６３４８．４０

２６６２８．２０ ２６２２４４４ ２６００４１０ ２６２０３．４１

２６５６２．４６ ２６４４２６９ ２５９７７０５ ２６１４０．９０2６６１５．６９ 2６３９９４４

２６５６７．５０ ２６５４８．９４ ２５９８８５９ ２６１８７．７９

－４８１９ －６６７５ -４１０．８５ -２１１６４

１８２２０ ３４０３７ ３２８６ ８８．０９

２０２１４ ３８２．７４ ３３．３８ １０１５３

ThemeasurementresultsindiffereｎｔｐｌａｃｅｓａｒｅｌｉｓｔｅｄｉｎＴａｂｓｌ－４ＴｈｅConventional

"MeanValueMethod，'［7]isabbreviatedby“Mean，'ａｎｄｔｈｅｎｏｖｅｌｍｅｔｈｏｄ[8］isabbreviated

by“Novel，，respectivelyinthetables・

WeuseGreyErrorTheorytocalculateitsGreyStandardDeviation[9｝（abbreviatedby
``ＧＳＤ''inthetable）Forcomparison,theNormalStandardDeviationderivedbyBessel
Formula['０]isalsolistedinthetable（abbreviatedby``Ｓ、，'inthetable）．
Ｆｒｏｍｔｈｅｔａｂｌｅｓｗｅｃａｎｓｅｅｔｈａｔ，ｔｈｅｄａｔａｓａｍｐｌｅｉｎｅａｃｈｓｔａｔｉｏｎｉｓｎｏｍｏｒｅｔｈａｎ６１ｔｉｓ

ｔｈｅｔｙｐｉｃａｌｌｅｓｓｓａｍｐｌｅｓｉｚｅｍｅａｓｕｒｅｍｅｎｔ・Ｉｎｔｈｉｓｃａｓｅ，ｗｅｄｏｎｏｔｋｎｏｗｉｔｓｄｉｓｔｒｉｂｕｔｉｏｎ

ｆｒｏｍexperienceａｎｄｉｔｉｓａｌｓｏｄｉｆｆｉｃｕｌｔｆＯｒｕｓｔｏｊｕｄgewhetheritobeyssometypical
statisticaldistributionsornot・TherefbrethｅＳｔａｔｉｓｔｉｃａｌＴｈｅｏｒｙｃａｎｎｏｔｂｅｕｓｅｄhereto
calculatethestandarddeviationofthemeasurement
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４．Discussions

Fromtheabovetableswｅｃａｎｓｅｅｔｈａｔｔｈｅｅｒｒｏｒｏｆｔｈｅ“Novel''ｍｅｔｈｏｄｉｓｌｅｓｓｔｈａｎｔｈａｔｏｆ

ｔｈｅ“Ｍｅａｎ,，ｏｎｅｅｘｃｅｐｔＴａｂ､４，ｗｈｉｃｈｓｈｏｗｓｔｈｅｒｅｓｕｌｔｏｆｔｈｅｎｅｗｍｅｔｈｏｄｉｓｃｌｏｓｅｔｏｔｈｅｔｒｕｅ

ｖａｌｕｅ、ＷｅａｌｓｏｏｂｓｅｒｖｅｔｈａｔｔｈｅｓｔａｎｄａｒｄｄｅｖｉａｔｉｏｎｂｙＢｅｓｓｅｌＦｏｒｍｕｌａｏｆｔｈｅ“Novel，，
ｍｅｔｈｏｄｉｓｌｅｓｓｔｈａｎｔｈａｔｏｆｔｈｅ“Ｍｅａｎ，'ｏｎｅｅｘｃｅｐｔＴａｂｌ，ｗｈｉｃｈｓｈｏｗｓｔｈｅｄｅｖｉａｔｉｏｎｏｆｔｈｅ

ｎｅｗｍｅｔｈｏｄｉｓｓｍａｌＬＴｈｅＧｒｅｙＳｔａｎｄａｒｄＤｅｖｉａｔｉｏｎｏｆｔｈｅ“Novel，，ｍｅｔｈｏｄｉｎＴａｂ､１ａｎｄ

Ｔａｂ３ｉｓａｂｉｔｌａｒｇｅｒｔｈａｎｔｈａｔｏｆｔｈｅ``Ｍｅａｎ，，ｏｎｅＡｓｆＯｒＴａｈ２ａｎｄＴａｂ４ｔｈｅｃａｓｅｉｓｑｕite
differentbecausetheGreyStandardDeviationofthe“Novel，'ｍｅｔｈｏｄｉｓｍｕｃｈｓｍａｌｌｅｒｔｈａｎ
ｔｈａｔｏｆｔｈｅ“Mean，'one，

ＷｅｎｏｔｉｃｅｔｈｅｒｅｓｕｌｔｓｏｆｔｈｅＧｒｅｙＳｔａndardDeviationbothfbrthe“Novel',ｍｅｔｈｏｄａｎｄ

ｔｈｅ“Ｍｅａｎ，'ｍｅｔｈｏｄｉｎｔｈｅｔａｂｌｅｓａｒｅａｌｌｓｍａｌｌｅｒthantheBesselstandarddeviationｅｘｃｅｐｔ
ｆＯｒｔｈｅ“Novel，，ｍｅｔｈｏｄｉｎＴａｂ４，whichisalittledifferent・Ｔｈｉｓｓｈｏｗｓｔｈｅｓｔａｎｄａｒｄ
ｄｅｖｉａtioncalculatedbytheGreyestimatｉｏｎｍｅｔｈｏｄｉｓｍｏｒｅａｃｃｕｒａｔｅｔｈａｎｔｈａｔｏｆｔｈｅ

Ｂｅｓｓｅｌｍｅｔｈｏｄｂｅｃａｕｓｅｉｔｉｓｑuitedifficultfbrustojudgethedistributiontypeofthe
measureddatａｕｎｄｅｒｔｈｅｃｏｎｄｉｔｉｏｎｓｔｈａｔｔｈｅｓａｍｐｌｅｓｉｚｅｉｓｏｎｌｙ５，ｗｈｉｃｈｉｓｍｕｃｈｓｍａｌｌｅｒ
ｔｈａｎｔｈｅｎｅｃｅｓsaryqualifications．

５．Ｃｏｎｃｌｕｓｉｏｎｓ

Ｔｈｅｎｏｖｅｌｍｅｔｈｏｄｉｓｂａｓｅｄｏｎｔｈｅｅｓｔｉｍａｔｉｏｎｍｏｄｅｌｔａｋｉｎｇｔｈevibrationofin-motion
vehiclesiｎｔｏａｃｃｏｕｎｔａｎｄｕｓｉｎｇｔｈｅｌｉｎｅａｒｒｅｇressionmodels，Ｂｙｔａｋｉｎｇａｄｖａｎｔａｇｅｏｆｔｈｅ
Ｇｒｅｙｅｓｔｉmationfbrmeasurementuncertamty>ｗｅｃｏｕｌｄｇｅｔｔｈｅｇｏｏｄｒｅｓｕｌｔｓ・
Ｂｙｃｏｍｐａｒｉｎｇｔｈｅｎｏｖｅｌｍｅｔｈｏｄｗｉｔｈｔｈｅｏｌｄｏｎｅ,wefbundbothmethodsaresuitablefｂｒ

ｔｈｅｗｅｉｇｈｔｍｅａｓｕｒｅｍｅｎｔｉｎｔｈｅｉｎ－motionvehicles・Ｔｈｅｎｏｖｅｌｍｅｔｈｏｄｓｈｏｕｌｄｂｅｔａｋｅｎｉｎｔo
accountifthemeasurementaccuracyisdesiredtobehigher、

TheGreyestimationmethodfbrmeasurementuncertaintyisveryusefilｌｉｎｔｈｅｃａｓｅ
ｏｆｓｍａｌｌｄａｔａｓａｍｐｌｅ,ｔｈｉｓｐｏｉｎｔｉｓａｌｒｅａｄｙｐｒｏｖｅｄｂｙｍａｎｙｄｉffbrentmeasurement
practices

Asfｂｒｔｈｅａｂｎｏｒｍｉｔｙａｎｄｓｅｖｅｒａｌｅｘｃｅｐｔｉｏｎａｌｃａｓｅｓｏｆｔｈｅｒｅｓｕｌｔｓｉｎｔｈｅｔａｂles，itis
necessaryandveryimportantfｂｒｕｓｔｏｄｏｓｏｍｅｍｏｒｅｒｅｓｅａｒｃｈｗｏｒｋｉｎthefilture．
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