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Dynamic noise modeling at roundabouts

wodeling sptil nd temporl noise vritions t roundouts is tedious tskF sndeedD noise levels re strongly inuened y the omplex vehile intertions tking ple t the entriesF en urte modeling of the merging proess nd its impt on vehile kinemtisD witing time t the yield signs nd queue length dynmis is therefore requiredF enlytil noise predition models disregrd those impts sine they re sed on verge ow demnd ptterns nd preE dened kinemti prolesF he only wy to pture ll tr dynmis impts on noise levels is to omine tr simultion tool with noise emission lws nd sound propgtion modelF etD suh existing dynmi noise predition pkges fil in representing vehile intertions when the roundout is ongested nd re diult to lirte due to their numerous prmetersF e new tr simultion toolD speilly developed for roundoutsD is therefore proposed in this pperF st hs few esyEtoElirte prmeters nd n e redily omined with noise emission nd propgtion lwsF he otined noise pkge is le to produe relevnt dynmi noise ontour mps whih n support noise emission ssessment of lol tr mngement poliiesF esults re vlidted ginst empiril dt olleted on prenh suurn roundout on two dierent pek periodsF

1 Introduction peEtime vritions in vehile kinemtis due to intersetions were shown to gretly inE uene noise levels in urn res @sweqsxiD PHHR IY teeleD PHHI PAF elthough severl noise estimtion proedures hve een developed to th these eetsD few of them re suitle for improving noise mpping t roundoutsF sn most existing predition toolsD like the pre r xoise wodel @pleming et lFD IWWS QA or the qermn vEWH model @vD IWWH RAD noise impts of interrupted tr ows re roughly tken into ount through empiril orretion ftorsF wore sophistited sttistil models hve een proposed to improve noise pprisl t signlized intersetions in terms of tr volumesD tr speedsD tr ompositionD geometry or pvement surfe textures @eoE udis nd elhiryD PHHU SAF herivtion of similr regression formul t roundouts is possileD yet unfruitful sine sptil vritions in noise levels nnot e pturedF o irumvent this deienyD dvned nlytil methodologies sed on the omputtion of verge noise signtures for eh vehile lss hve een introdued @runt nd muelsD IWWP TD gertuD IWVH UAF hey omine men vehile kinemti pttern per lss with noise emission lw depending on vehile speed nd running onditionsF e single lssEspei vehile is ssumed to ross the juntionF et eh instntD the resulting sound power level nd vehile position re input into propgtion model to lulte the instntneous sound pressure level t given reeptor pointF he sound pressure exposure of the lssEspei vehile is then otined y integrting the instntneous sound pressure levels over the time needed to ross the juntionF epeting this proess for set of reeivers long the infrstruture gives the verge noise signture for the orresponding vehile lssF snuene of tr ow n then e ounted for y multiplying the noise signture y the numer of vehiles pssing during given intervl nd soD for eh lssF uh method hs lredy een pplied to roundouts @iut et lFD PHHS VAF st hs lso een implemented in the rrmonoise tr soure model to drw noise dierene ontour mps t rod rossings etween situtions where ll vehiles mintin onstnt speed without stopping nd situtions where they ll hve to deelerteD stop nd then elerte wy from the juntion @ttsD PHHS WAF ptil kinemti vritions ppered to either inrese or derese verge noise levels depending on the tr volumesF he mjor drwk of this nlytil proedure is to neglet the noise impts of vehile intertionsF rtiulrlyD it nnot th noise vritions due to X @iA rndom ourrene of stopping or freelyEentering vehiles into the roundoutY @iiA ututing witing times on the roundout pprohing linksY @iiiA ututing queue lengthsY nd @ivA potentil hindrne eet due to ongestion spilling k from downstremF es resultD the output noise ontour mps re not ompletely stisftoryF he only wy to th the noise impts of vehile intertion onsists in oupling tr ow simultion tool with vehile noise emission lws nd sound propgtion modelF es unE derlined within the smgine projet @sweqsxiD PHHU IHA this tehnique llows for evluting how shortEterm trnsient queue events s well s sptil nd temporl vritions in vehile kiE nemtis inuene noise estimtesF st hs lredy een implemented into softwres like hyxi @fhskr et lFD PHHU IIAD wyfsvii @he goensel et lFD PHHS IPAD xi @qoodmnD PHHI IQA or yexywy @olkmrD PHHS IRAF roweverD to the uthors9 knowledgeD no model E lirtion or vlidtion study ws speilly onduted to ssess noise estimtes t roundoutsF his is troulesome sine the orresponding tr simultion tools inluded into these softwres @respetively eixi or wCD eewsgD hegveD sswA hve lrge numer of prmeters tht re often diult to lirte nd my et noise outputs to lrge extentF woreoverD these tools were reently shown to dly represent vehile intertions nd kinemE tis in highly ongested situtions @ridsD PHHS ISY ghevllier nd velerqD PHHV ITAF fy prediting unrelisti queue length nd dely vluesD they myD thereforeD led to irrelevnt noise estimtes t roundoutsF he gol of this pper is to propose nother dynmi noise emission model sed on new mirosopi tr simultion toolD speilly devoted to roundoutsF his tool solves the mE jor drwks of lssil miroEsimultion pkges underlined within the sweqsxi projet X @iA it hs few prmetersY @iiA it is esyEtoElirte with limited set of dt Y @iiiA it is le to model the numer of stopped vehilesD the vehile delys nd the queue length dynmis on eh pprohing links urtely whtever the tr onditions on the roundoutF gonsequentlyD relisti vehile kinemtis n e otined nd fed into pproprite noise emission lwsF henD sound propgtion lultion is performed with respet to geometry nd urn lndspeF his pper will highlight tht urte dynmi noise ontour mps n e simultedF hey n e used to ssess the noise impts of tr ow t roundouts in oth freeEow nd sturted onditionsF he rst prt of this pper will outline the three key omponents of the proposed frmeE work X the mirosopi tr simultion toolD the noise emission lws nd the sound propgtion modelF por the study purposeD we will only fous on X @iA single men emission lw for light duty vehiles Y @iiA very si propgtion modelF roweverD it should e highlighted tht the P frmework n hndle with ny lssEspei emission lws nd very omplex propgtion moE delsF sn the seond prt of the pperD the overll frmework will e vlidted ginst empiril sound pressure levels olleted t four reeptor points lose to the rod xis of singleElne roundoutF esults in terms of equivlent sound pressure levelsD sttistil desriptors s well s noise levels distriutions re relly onviningF 2 Basic components of the roundabout noise emission model 2.1 Overview of the model he purpose of the roundout noise emission model is to urtely ount for tr dynmis in order to reprodue sptil nd shortEterm vritions in noise levels in the viinity of the infrstrutureF es mentioned in the introdutionD this n e done y oupling tr ow simultion tool with noise emission lws nd sound propgtion modelF he modeling hin is depited in gure IF he tr ow simultion needs some input dt to x the tr demnd senrio @tr volumesD destintion proportionsD tr ompositionA s well s some prmeters whih hs to e lirted eforehndF yutputs of the tr model re position wirosopi tr simultion tools im t modeling the progression of individul vehiles through rod networkF he overll simultion period is usully roken down into numer of disrete timeEsteps ¡tF ositions of ll vehiles re updted t eh timeEstep y spei lgorithmsF peed nd elertion n then e dedued from positions t suessive timeE stepsF wo lgorithms re ommonly used in order to model roundout X @iA car-following algorithm whih simultes vehile trjetories on the pprohingGdeprture links nd inside the roundout @the position of ny vehile in the network is given in terms of the one of its lederAY @iiA n insertion decision algorithm whih speies whether vehiles rriving t the yield sign n enter or not the roundoutF wost of the existing mirosopi simultion tools for roundouts were shown to hve the following drwks X { profusion of prmeters tht my e troulesome or dt onsuming to lirte @mith et lFD PHHU IUAY Q { sensitivity of the simulted vehile trjetories to prmeters @ek$ elik nd fesleyD PHHI IVAY { filure in modeling insertion rtesD vehile delys nd queue length dynmis when ongestion spills k on the roundout @ridsD PHHS ISY ghevllier nd velerqD PHHV ITAF es resultD reliility of noise level estimtes nnot e gurnteed when these tr ow moE dels re used in omintion with noise estimtion proessF his hs motivted the development of new prsimoniousD esyEtoElirte mirosopi tr model for roundouts le to pture two kinds of oserved merging ehviors depending on tr onditions on the roundout X { in freeEow onditionsD pprohing vehiles respet the yield rule nd insert into the roundout only if the timeEintervl efore the rrivl of the next irulting vehile is suient @uyte et lFD IWWT IWAY { in ongested onditionsD pprohing vehiles do not respet the yield rule nymore nd lterntively insert etween irulting vehiles following rtio @gssidy nd ehnD PHHS PHD routekD PHHP PIAF o model these merging ehvioursD two distint insertion deision lgorithms re used X { gap-acceptance algorithm in freeEow onditions whih speies minimum distne nd timeEintervl riteri to llow for n insertionY { rate-based algorithm in ongested onditions whih speies the proility for n pE prohing vehile to enter into the roundoutF pigure P summrizes the min steps of the mirosopi simultion modelF pirstlyD positions of ll vehiles exept those in onit @the pprohing vehile who wnts to enter the rounE dout nd the next irulting vehile on the irultory rodwy who is going to rrive t the onit pointA re updted ording to the rEfollowing modelF henD tr onditions on the roundout re ssessed efore implementing the pproprite insertion deision lgorithmF hose model omponents will e desried in the sequelY more detils n e found in ghevllier nd velerq @PHHV ITAF sn equilirium tr onditions on the roundoutD the veloity of vehile n t time tD v t n D only depends on the sping s t n with the vehile hed n IF he reltionship v t n a v e @s t n A is lssilly referred to s the fundamental diagramF st is depited in gure QF st requires only three prmeters X @iA the speed in freeEow onditions u Y @iiA the minimum sping when vehiles re stopped s H Y @iiiA the speed t whih queue spills k on the network wF preeEow onditions orrespond to points on the fundmentl digrm where oth sping nd veloity re high while ongested onditions mth the other prt of the urveF
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feuse of ggressive insertions from the pprohing linksD s t n my shorten elow its equiE lirium vlueF sn this seD experimentl studies hve demonstrted tht vehile n dpts its speed to grdully inrese the sping with its lederF sn other wordsD it tolertes short spE ing for while without rking shrplyF his proess is lled relaxation procedureF sn the reminingD we denote t n the rtio etween the urrent sping in front of vehile n nd the equilirium sping @given y the fundmentl digrm with respet to the speed of the lederAF he relxtion proess of vehile n strts s soon s nother vehile inserts just hed with very short sping nd lsts until t n a IF sn the hosen rEfollowing modelD the time evolution of t n only depends on one dditionl prmeterD the relaxation parameterD D orresponding to the dierene in speed drivers re willing to ept with the vehile hed in order to reover n equilirium stte @see vvl nd velerqD PHHV PP for more detilsAF por instneD when two vehiles re losely sped on the roundoutD is pproximtely the dierene etween the speed of the leder t the previous timeEstep nd the desired speed of the follower for the urrent timeEstepF iventullyD the position of vehile n t time t C ¡tD x tC¡t n D is given s the minimum etween the position it is willing to reh when tr is in freeEow ondition nd the position it nnot overpss due to the downstrem vehile n I when tr is ongested X
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@IA sn eqution ID a is the desired elertion ommon to ll vehilesY s e is the reiprol of the fundmentl digrm whih gives the equilirium sping in front of vehile when its veloity is knownY a min ¢ IY w¡t=@s H t n A £ is nonEdimensionl oeientF iqution I is used to model S vehile trjetories on the pprohing nd deprture rms s well s inside the roundoutF o ount for dierent driver ehviours inside the roundoutD the prmeters of the fundmentl digrm n e modied @for instneD the speed in freeEow onditions n e reduedAF b Insertion decision algorithms eording to the urrent sping of the rst downstrem irulting vehile nd the fundE mentl digrmD the previling tr onditions on the roundout @freeEow or ongestedA n e speied to hose the pproprite insertion deision lgorithmF Free-ow state he gpEeptne lgorithm llows for n insertion into the roundout during the urrent timeEstep if X { time t f hs elpsed sine the lst irulting vehile hs pssed y the entryF his riteri is equivlent to ssuming mximum inserting ow of I=t f whih usully depends on the roundout rdiusD the rod grdientD or visiility onstrintsF { the next irulting vehile expeted to pss y the entry is eyond distne d lag whih is suient to void ollision in se of n insertionF his distne is given s the produt of the freeEow speed u nd the dierene etween the minimum timeEhedwy etween two irulting vehiles tht n pprohing driver onsider to e suient to enter the roundoutD t c @whih is model prmeterAD nd t f F { the inserting vehile hs enough spe to enter the roundoutD tht is to sy the position imposed y the next vehile @seond term of the minimum funtion in eqution IA doe not led the inserting vehile to move kwrdsF hese onditions n e ssessed thnks to the positions of ll vehiles exept those in onit given y the rEfollowing lgorithmF sn se of insertionD the positions of the two vehiles in onit re updted ording to the rEfollowing model @eqution IA operting in equilirium onditions @ t n a IA sine no ggressive insertion re ssumed to our in freeEow stteF Congested state he rteEsed insertion deision model ims t simulting n verge insertion ow equl to times the irulting ow on the roundout pssing y the entryF por thisD on eh pprohing rm iD the verge tr volumes just upstrem of the entryD ¡ i D nd just downstrem of the entry on the roundoutD i D should e omputed @over the lst QHs for instneAF henD s soon s n pprohing vehile is lose enough to the yieldEsignD the proility for it to enter the roundout during the timeEstepD p tC¡t D is omputed from eqution P @see ghevllier nd velerq @PHHVA ITA X p tC¡t a @ =@I C A¡t if ¡ i ! =@I C A I otherwise @PA e fernoulli proess is then drwn to speify the outome of the insertion proessF sn se of insertionD oth vehiles in onit my swith to nonEequilirium stte @ t n <IA or sty in equilirium @ t n aIA depending on the position of their lederF heir new positions re then lulted ording to the rEfollowing eqution IF wn D for ny vehile n on the roundoutF eny noise emission lw in terms of vehile typeD vehile speed ndGor elertion n e usedF sn this studyD single men emission lw is seleted to hrterize ll vehiles on the roundout @minly lightEduty vehiles s we will see lterAF his hypothesis ws vlidted in gn et lF @PHHU PQA for lssil desriptors estimtion in urn reD provided tht tr dynmis is preisely desriedF he hosen emission lw is the verge lw for lightEduty vehiles used within the prenh tr noise predition model @rmetD PHHV PRA nd orresponding to the pvement surfe texture of the studied experimentl site @see setion QAF st hs two min dvntges X @iA it is speilly devoted for urn tr onditions Y @iiA it hs een vlidted in rel life tr onditionsD for instne when vehiles re elerting wy from signlized intersetion @low speeds nd high elertionsA t dierent points of urn orridor @velerq et lFD PHHV PSAF his emission lwD depited in gure RD depends on vehile speed nd running onditions whih re speied y the vehile elertion X @iA elerting mode for a > H:Sms P Y @iiA deelerting mode for a < H:Sms P Y @iiiA ruising mode otherwiseF por speeds elow QHkmGhD the engineEexhuse noise is predominnt @eeters nd floklndD PHHU IHAF he vlue of L t wn depends on the running onditions of n X in ruising or deelertion modesD it follows logrithmi funtion trunted for low speedsY in elertion mode it rehes higher onstnt levelF por speeds ove QHkmGhD the tireEpvement noise previls upon the engineEexhuse noise X no distintion in running onditions is mde for the lultion of L t wn sineD in urn resD the elertion rte is ssumed to fll down elow HFS mFs P for speeds etween QHkmGh nd the speed limit @usully SHkmGhAF unning onditions re thus onsidered s ruisingF o mke vlidtion of the proposed dynmi noise emission modelD singleElne roundout in the suurn re of oulouseD prneD ws hosen s study reF he gol is to hek the relevne of the simulted dynmi noise ontour mps y ompring oserved nd simulted sound pressure levels t severl reeiversF he emissions omprison is foused on one qurter of the roundout with one reeiver long the pproh RD one reeiver etween the pproh R nd the next deprture link I nd two reeivers long the deprture link I @see gure SAF hue to symmetry eetsD it is ssumed tht if the simulted dynmi noise levels re urte t these reeiversD so they re long the other legs of the roundoutF 3.2 Data collection process he studied site is fourEleg roundout in n open re without high uildings in the surroundings s shown in gure SF r ow is moderte nd essentilly omposed of light duty vehilesF fuses nd hevy duty vehiles represent only IFW7 @respetively HFW7A of the overll tr in the morning @respetively in the eveningA while motoryles represent IFQ7F hese gures justify the use of single men emission lw to hrterize ll vehiles on the roundoutF he min movements re from entry I to exit Q in the morning nd from entry Q to exit I in the eveningF xote tht reeivers I nd P were pled to mesure how noise levels re eted y the disturne eet of the min movement @IEQA on the strem oming from pproh RF wo sets of tr nd oustil dt were olleted on PhEperiods in the morning nd in the evening peks in ytoer PHHSF r dt ws olleted from ISmEhigh video mer whih hs reorded movements of ll vehilesF en imge proessing softwre @lled eygyiA ws used to extrt pssing times nd vehile identities t out Rm efore eh entry @A I to A R A nd fter eh exit @D I to D R A @see gure SAF wo dditionl positions were nlysed on link I t respetively QHm nd THm from the yield line @A QH D A TH D D QH D D TH AF sn the mirosopi V tr simultion toolD inoming tr on eh pprohing link is reprodued from the pssing times t A TH D A P D A Q nd A R F woreoverD eh reted vehile is ssigned destintion thnks to the vehile identities trking t eh entry nd exitF he four mirophones were loted in the ousti eld t IFPm high nd t Sm to TFSm from the rod xis @see gure SAF he sound pressure levels were reorded every one seond@¡t a IsA in glol nd in thirdEotve nd spetr over the rnge TQEIH HHHrzF he freeEow speed u on the pprohing nd deprture rms hs een set equl to the speed limit with n extr of S7 @to ount for nonEomplying vehiles3AF snside the roundoutD it hs een hosen ording to the reorded vehile pssing times when tr volume is lowY note tht it mthes lssil reommended vlues for single lne roundouts usully omprised etween PHkmGh nd PRkmGh @oinsonD PHHH PUAF he desired elertion rte a hs een lirted from oserved vehile trjetories on the deprture rm IF rmeter w is hrteristi of oneEwy urn link nd n e mesured y estimting the strting wve speed t signlized intersetion when signl turns greenD for instne y videoEreording the lotion the k of the queue in time @velerqD PHHS PVAF rmeter s H is lso hrteristi of oneEwy urn link nd n e determined from the verge sping etween two stopped vehilesF en verge vlue of PkmGh for the prmeter ws found to provide urte vehile trjetories in velerq et lF @PHHUA PW nd hs een hosen in this study sine the relxtion phenomenon seems to e non siteEspeiF rmeters t f nd t c were hosen so s to e in greement with the reommended vlues of the emerin xtionl goopertive righwy eserh rogrm @odergerdts et lFD PHHU QHA sed on extensive vlidtion studies on singleElne roundouts X Is oers sustntil rekthrough ompred to nlytil estimtion modelsF pirstlyD the energyEsed desriptors n e lulted esily over ny ggregtion periodF sn the sequelD the equivlent sound pressure levelD L Aeq D will e omputed over the entire PhEsimultion periods nd over suessive ISminEintervlsF eondlyD sttistil desriptorsD L N;T D reeting the eEweighted pressure level exeeded during N7 of the ggregtion period T D n e evlutedF e will study the L S;T D L IH;T D L SH;T nd L WH;T on Ph nd ISminEperiodsF xote tht shortest ggregtion periods were shown to e unrelile in gn et lF @PHHV QIA euse of the desriptors9 sensitivity to noise peks nd the lk of sttistil signine of the L Aeq smpleF hirdlyD the distriution of the L t Aeq;Is over the entire simultion period n e otinedF his is vlule tool for ssessing the ility of the proposed model to reprodue dynmi onEeld noise mesurementF pinllyD the timeEseries of L t Aeq;Is n e used to predit when the noisiest periods will ourF rtiulrlyD one is le to pinpoint whih tr situtions hve the gretest impts in noise levelsF his n help in the hoie of tr mngemement poliies or infrstruture designF

Results

a Energy-based and statistical descriptors on 2h-periods le Q sumsEup the equivlent sound pressure level nd the lssil sttistil desriptors ggregted over eh PhEsimultion periodD oth for mesurements nd simultionsF sn ll RH ses ut twoD desriptors re estimted within Pdf@eA error oundF he mximum devition is PFUdf@eAF wore speillyD the devition in L Aeq never exeeds Idf@eA for ll mirophones exept M Q nd M R in the morning pek where it rehes IFVdf@eA underestimtionF e similr ury is oserved for L SH F righer noise levels orresponding to L S nd L IH re lso reprodued with preision of Idf@eA for ll mirophones in the evening pekF he disrepny is slightly higher in the morning pek with n underestimtion lying from HFVdf@eA to PFIdf@eAF vowest noise levels hrterized y L WH fll within Idf@eA error ound in the morning pekF hey re slightly overestimted from HFVdf@eA to PFUdf@eA in the evening pekF ine ows re roughly onstnt during eh PhEpek periodD sttistil levels re not vE rying lot from one ggregtion period to the otherF yne n notie tht the simulted results losely mth the timeEevolution of the oserved levelsF rtiulrlyD the mximum devition for ll desriptors exept L WH never exeeds QFSdf@eA in the morning pek nd PFUdf@eA in the evening pekF wost of the estimtes usully fll within Idf@eA ury ompred to mesurementF elthough truks nd uses re disregrdedD the L S level is orretly estimted y the modelD whih onrms tht suh noisy vehiles were nerly sent from the study siteF sn other irumstnesD they should e inluded to improve predition of the highest noise levelsF his ould e hieved with the proposed dynmi noise predition tool sine X @iA the tr ow model n e extended to represent the eets of hevy vehiles on tr @velerq nd vvlD PHHU QPAY @iiA spei prenh noise emission lws for hevy vehiles hve een derived @velongD PHHQ QQAF st should e worth lso to notie tht the model seems to e less eetive in prediting the L WH timeEevolution on ISminEintervls even if the disrepny never exeeds Rdf@eAF his is not surprising sine the model only ounts for rod tr noise nd neglets disturnes oming from other soures suh s windD pedestrins or ylistsF c Distributions of the instantaneous sound pressure levels pigure V shows the distriution of the instntneous sound pressure levels over oth PhE simultion periods t the four reeptor pointsF htever the reeiverD the shpe of the simulted distriution is very lose to the oserved oneF rtiulrlyD the most frequent simulted levels perfetly mth the most frequent oserved modesF por the mirophones M Q nd M R mostly eted y elerting vehiles on the min deprture linkD one n see tht the noisiest levels re usully underErepresented y the modelF wo resons n explin this phenomen X @iA hevy vehiles nd motoryles whih re expeted to e noisier thn lightEduty vehilesD espeilly in IP elerting modeD re not ounted for in this studyY @iiA rndom events like klxonsD rod works or humn voies in front of mirophone re disregrdedF woreoverD for ll reeiversD the lowest levels re slightly overErepresentedF sndeedD etween the pssing y of vehilesD the simulted level drops to the kground noise levelF his explins the little peks in the simulted distriution for levels round RUdf@eAF sn relityD low levels re more sttered due to noise oming from other souresF fuilding retngulr grid of reeivers with sping of Rm llows us to generte dynmi noise ontour mps of sound pressure levels t eh timeEstepF hey n e used to drw the timeEevolution of noise ontour mps of the L eeq nd ll sttistil desriptors over given suEperiodF wps of the L eeq nd L IH over the rst ISminEperiod of the morning pek period re illustrted in gure IHF yne n see tht the highest levels of oth L eeq nd L IH ours on the min link ID t the exits nd entriesF hey reh vlues of TSdf@eA for the v eeq nd of UHdf@eA for the L IH t Sm from the rod xis of link IF hose vlues derese on the irulting rodwy nd frther from link IF xote tht noise levels round link R re muh lower euse of fewer rriving nd deprting vehiles on this linkF he proposed dynmi noise emission model lls the shortge of urte noise estimtion proedures t roundoutsF he noise emissions due to stohsti vehile intertions t rounE dout entries n e fully ptured y omining mirosopi tr ow model with noise emission lws nd propgtion lultionF gontrry to other existing noise simultion pkgesD the merging proess nd its impt on kinemtisD vehile delys nd queue lengths is urtely reproduedD whtever the tr onditionsF he tr outputs re fed into relevnt noise emisE sion lws depending on the vehile type nd the previling rod pvement typeF prom vehile speed nd elertion n instntneous noise power level n e lulted for eh vehileF hese levels re input into propgtion model to ompute the noise levels reeived t dierent points in the viinity of the roundoutF eury of the otined noise ontour mps ws demonstrted y ompring the simulted nd the oserved noise pressure levels t severl reE eivers long suurn roundoutF uh mps ould e used to drw noise dierene ontours where the eets of the juntion re ompred with noise levels if vehiles were freely movingF his ould help in deriving orretion ftors for simpler nlytil noise predition models to djust for the extr noise indued y the juntionF woreoverD noise dierene ontours ould lso e plotted for dierent juntion lyouts or ontrol types to help prtitioners for hoosing the est design for the rodErossingF he roundout noise emission model will e integrted into more generl noise simulE tion pkge of whole network lled wfs @velerq nd velongD PHHI QRAF st will llow n expliit modeling of roundouts whileD up to nowD wfs just trets juntions s pointwise intersetionsF ixtension of the roundout model to other types of unsignlized intersetions s well s to nonEpriority turning movements t tr signls would e worth investigtingF st will omplete the detiled modeling of intersetions within wfsF purE ther vlidtion studies should lso e onduted to hek the ury of estimted noise levels when severl lol streetsD urn rterils nd intersetions intert togetherF his will open the door to etter noise impts ssessment of lol trnsport mngement poliies suh s juntion IS hynmi noise modeling t roundouts ontrol devieD intersetion lyout or signl oordintion plnsF 5 Acknowledgements he oulouse experimentl study ws funded y the gentre for the tudy of rn lnningD rnsport nd uli pilities @giA nd mnged y the iv lortoryF he uthors re lso grteful to ernud gn for his dvie in the ousti dt proessing s well s to g eile f erie for oding the modelF pinllyD mny thnks to the two nonymous referees for helping to gretly improve this rtileF 
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