
Proeedings of the IMC, Sibiu, 2011 73BRAMS : status of the network and preliminary resultsStijn Calders and Hervé LamyBelgian Institute for Spae Aeronomy, Ringlaan 3, B-1180 Brussels, Belgiumstijn.alders�aeronomie.beReently, the Belgian Institute for Spae Aeronomy has been developing a Belgian network for ob-serving radio meteors using a forward sattering tehnique. This network is alled BRAMS (BelgianRAdio Meteor Stations). A radio transmitter emits a irularly polarized pure sine wave toward thezenith at the frequeny of 49.97 MHz. This beaon is loated in Dourbes (southern Belgium) andemits a onstant power of 150 W. The reeiving network onsists of about 20 stations hosted mainlyby radio amateurs. Two stations have rossed-Yagi antennas measuring horizontal and vertial po-larizations of the waves re�eted o� meteor trails. This will enable a detailed analysis of the meteorpower pro�les from whih physial parameters of the meteoroids an be obtained. An interferometeronsisting of 5 Yagi antennas is installed at the site of Humain in order to determine the angulardetetion of one re�etion point, allowing to determine meteoroid trajetories. We desribe this newmeteor observing faility and present the goals we expet to ahieve with the network.1 IntrodutionThe Earth's atmosphere is onstantly hit by thousandsof meteoroids with sizes ranging from submillimeters toseveral meters. Their estimated umulative mass is inthe range of 40 to 100 tons per day. They play a ru-ial role in a number of astronomial and aeronomialstudies and, given their interept veloities in exess of11 km/s, they pose a signi�ant threat to spaeraft.Traditionally, they have been deteted by visual meansor with radars during their interation with the atmo-sphere. Here, we propose to study the meteoroid pop-ulation with the BRAMS (Belgian RAdio Meteor Sta-tions) network, a set of radio reeiving stations usingforward sattering tehniques and a dediated beaonas transmitter. Its urrent state is desribed in Se-tion 2, while Setion 3 is devoted to the objetives ofthe projet. In the onlusion, the advantages of a for-ward sattering system over traditional radar systemswill be brie�y disussed.2 The BRAMS networkIn 2009, BISA, the Belgian Institute for Spae Aerono-my initiated the development of BRAMS, a Belgian net-work of radio reeiving stations using forward satteringtehniques to detet meteors. This projet is arried outin ollaboration with about 20 Belgian radio amateursor groups of amateur astronomers whih host severalstations throughout the ountry (see blak squares onFigure 1).The transmitter is a dediated beaon loated in Dour-bes (the triangle on Figure 1). It is a rossed 2-elementYagi antenna whih emits a pure sinusoidal wave with aonstant power of 150 W at 49.97 MHz. This frequenyis proteted to avoid ambiguity about the origin of de-teted meteor ehoes. The beaon in Dourbes has beenative sine September 2010. Sine Otober 2011, an

Figure 1 � Geographial distribution of the stations of theBRAMS network. The blak squares represent the reeivingstations, and the triangle represents the beaon in Dourbes.The biggest ities of Belgium, represented by rhombs, havebeen added to failitate identi�ation of the stations.
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Figure 2 � Theoretial radiation pattern (in dB) of the bea-on antenna in Dourbes, with an 8m×8m grid (solid urve)and without a grid (dashed urve).
8 m×8 m grid ats as the re�etor to inrease the poweremitted upward (HPBW ≈ 64

◦; see Figure 2). Withthis grid, the total gain is inreased by 3.6 dB. The sta-bility of the frequeny of the Dourbes beaon is seuredwith a GPS disiplinated OCXO (Oven-Controled Crys-tal Osillator) 10 MHz referene.



74 Proeedings of the IMC, Sibiu, 2011A typial reeiving station is made of a 3-element Yagiantenna linked to an ICOM IC-R75 reeiver by a oax-ial able. The reeived signal is sampled by an externalUSB sound ard (Behringer UCA222) and stored ona loal PC. With 20 reeiving stations spread over Bel-gium, we inrease both the number of meteor detetionsand the hane of having the same meteor deteted si-multaneously by several stations. This last point is es-sential for the determination of meteoroid trajetories,sine eah detetion yields information about only onepoint of the trajetory. This requires a very good syn-hronization of the stations, whih is ahieved by usingthe Meinberg NTP (Network Time Protool) applia-tion and a loal GPS (Garmin GPS 18x LVC Sensor) asreferene lok. Auray of at least 1 ms is expeted.The GPS and the output signal from the ICOM reeiverare sampled simultaneously by the external USB soundard to mitigate signal lateny. Eah station generatesapproximately 2 GB of data per day. These data aretemporarily stored on loal hard disks and sent monthlyby postal mail to the IT failities of BISA, where all dataare analyzed and arhived. In these data there will be alarge number of meteor ehoes but also a large numberof �spurious� ehoes suh as re�etion of radio waveson planes, sporadi E, thunderstorms, et. as well asloal broad-band interferenes. A software program isurrently being developed to automatially disriminatemeteor ehoes.The station in BISA (loated in Ule in the south ofBrussels) is also equipped with an additional antenna,a rossed 3-element Yagi. With this setup, we will mea-sure both polarizations (horizontal and vertial) of themeteor ehoes and ombine them to obtain the totalpower re�eted by the meteor. This will allow us toperform quantitative analyses of the signal in order toretrieve physial parameters of the meteoroids.An interferometer onsisting out of 5 Yagi antennas isinstalled in the radio-astronomial site of Humain todetermine the angular diretion of the re�etion pointwithin 1�2◦ auray. Humain is loated about 60 kmnortheast of Dourbes. We use the 5 antenna on�gura-tion of Jones et al. (1998), onsisting of two orthogonallinear arrays of 3 antennas with the entral one om-mon to both arrays. The entral antenna is a rossed3-element Yagi antenna used to obtain the total powerof the inoming waves like in the BISA station. To getinformation on the angular diretion of the re�etionpoint, the phases of the signals from the 5 antennas areompared. For this purpose, the phase of the 5 reeiversare synhronized by a 10 MHz referene osillator sim-ilar to the one used for the beaon in Dourbes.3 Objetives of the projetWith the BRAMS network, we aim for the objetivesdesribed below. They are separated aording towheth-er they require with a single station, several stations, orseveral stations and the interferometer.

1. By using data from a single reeiving station, a-tivity pro�les of meteor showers (number of ehoesversus time) an be obtained by subtrating spo-radi meteor ehoes from all eho ounts. Theseativity pro�les must be orreted for the observ-ability funtion of the station, whih desribes itssensitivity for deteting meteoroid ehoes from aspei� diretion in the sky (Hines, 1958; Ver-beek, 1997; Steyaert et al., 2006). The ativitypro�les of the main meteor showers will be stud-ied and ompared to results from prior researh.Mass indexes and �ux densities will be alulatedfor meteor showers and sporadi bakground usingthe method developed by Belkovih (2006) andRyabova (2008; 2009).2. Simultaneous detetion of a meteor by several sta-tions allows in priniple to retrieve some informa-tion about the meteoroid trajetory. We will testa method proposed by Nedeljkovi (2006) exploit-ing the fat that a meteor trail is tangential to afamily of ellipsoids with the reeivers as one fo-al point and the transmitter as the other one(speularity ondition). If the meteor is also de-teted by the interferometri station in Humain,the problem is simpli�ed as we then know theangular diretion of the re�etion point for thispartiular geometry. The height of this re�e-tion point an be obtained for shower meteors,but is still unknown for sporadi meteors. How-ever, for underdense meteors, it an be estimatedfrom the exponential deay of the power pro�le(with the use of a good atmospheri model suhas MSISE-00) and for overdense meteors, it an beestimated with the method proposed by Carbog-nani et al. (2000). With the 3D position of onespeular point and with detetions of the meteorby other stations, we an retrieve the trajetory ofthe meteoroid even for sporadi meteors (Wislez,2006). Eventually, the goal is to produe a mapin Sun-entered eliptial oordinates of the dis-tribution of meteor radiants and to ompare it tosimilar ones obtained by optial or radar means(e.g., Campbell-Brown, 2008).3. For a given meteor, when the geometry is fullyresolved, the study of the power pro�les give a-ess to several important physial parameters ifthe tehnial harateristis of the reeiving sta-tion (antenna gains, polarization of the re�etedwave, alibration of the aquisition ard, et.) areperfetly known (Wislez, 2006). These harater-istis will only be known for the stations in Uleand in Humain. For the others, we will only havereasonable estimates. The eletron line densityat the re�etion point an be omputed from themaximum of the power pro�le. If the eletronline density is obtained in several points of themeteoroid trail (from multi-station observations),the initial mass of the meteoroid an be estimatedwith models of meteoroid ablation in the Earth'satmosphere (e.g., Campbell-Brown and Koshny,



Proeedings of the IMC, Sibiu, 2011 752004). The ambipolar di�usion oe�ient an beobtained from the exponential deay of under-dense meteors and yields information on the me-teor's height. The speed of the meteoroid an bedetermined by several methods: (a) from Fresnelosillations if these are present and if the signal-to-noise ratio of the data is large enough, (b) frominitial rise times of the power pro�les if the me-teor is observed by several stations (requiring agood synhronization from the various stations),and () from the Doppler e�et for head ehoes(see below).4. Head ehoes are assoiated with the ionized re-gion in front of the meteoroid. Therefore, theseehoes in spetrograms show a large Doppler ef-fet due to the high veloity omponent of theobjet along the line of sight. If suh an eho isdeteted by at least 3 stations, we an in prin-iple retrieve the total veloity of the meteoroid(Rihardson and Kuneth, 1998; Steyaert et al.,2010). In ombination with an ablation model,the meteoroid mass and density an be estimated.Comparison with the results on head ehoes ob-tained with High-Power Large-Aperture (HPLA)radars will be onsidered.5. One we have the radiant of individual meteorsand also an estimate of the relative interept ve-loity of the inoming partile, the next step is toalulate the orbital parameters of the detetedmeteoroids. A orretion must be applied for theaeleration produed by the gravitational fous-ing of Earth as well as for the Earth's helioen-tri veloity. Knowing the orbital parameters on-tributes to a better understanding of the distribu-tion and evolution of material in the Solar System.6. Another advantage of having stations with dualpolarized antennas is the ability to investigate thepolarization of the reeived waves. Sine most ofreeiving stations an detet only one polariza-tion, it is very important to determine the depo-larization oe�ient of the re�etions on the me-teor trail. The rotation of the polarization planeof the inoming wave an be due to ionospheriFaraday rotation or as a result of the satteringfrom meteor trails. We will investigate whetherthe depolarization depends on the type, the tra-jetory, or the size of the meteor trail. To ourknowledge, very few similar measurements havebeen done with a forward-satter system (see, how-ever, Billam and Browne, 1955).4 ConlusionThe BRAMS network will be a very useful tool to bet-ter haraterize the distribution of meteoroids in theSolar System. Most researhers employ a baksattersetup rather than a forward-satter system, as the lat-ter has a muh more ompliated geometry. However,

baksatter systems su�er from the eho eiling sele-tion e�et, whih limits their views on faint and fastmeteors. Forward-satter setups are muh less vulnera-ble to this seletion e�et, hene yielding a less biasedmeteoroid population.To our knowledge, there are only two other forward-satter systems run by professional astronomers: theBologna-Lee-Modra system (Cevolani et al., 1996) andthe HRO system at the Kohi University in Japan (Ya-mamoto et al., 2007). The former has only 2 reeivingstations and no interferometri apabilities while thelatter has only 6 stations. BRAMS ombines the obser-vations of at least 20 stations that will allow improvedmulti-station analysis and will also have the additionaladvantage of an interferometri system.You an �nd the latest information of the projet onour website: http://brams.aeronomie.be.AknowledgementsBRAMS is a projet of the Belgian Institute for SpaeAeronomy funded by the Belgian Solar Terrestrial Cen-ter of Exellene (STCE; http://www.ste.be). Thisprojet is arried out in ollaboration with many radioamateurs from Belgium. We would like to thank themfor their partiipation in this projet.ReferenesBelkovih O. I. (2006). �Proessing of radar observa-tions�. In Verbeek C. and Wislez J.-M., editors,Proeedings of the Radio Meteor Shool 2005, Oost-malle. IMO.Billam E. and Browne I. (1955). �Charateristis ofradio ehoes from meteor trails. IV. Polarizatione�ets�. Proeedings of the Physial Soiety, setionB, 69.Campbell-Brown M. (2008). �High resolution radiantdistribution and orbits of sporadi radar mete-oroids�. Iarus, 196, 144�163.Campbell-Brown M. and Koshny D. (2004). �Model ofthe ablation of faint meteors�. Astron. Astrophys.,418, 751�758.Carbognani A., De Meyere M., Foshini L., andSteyaert C. (2000). �On the meteor height fromforward satter radio observations�. Astron. Astro-phys., 361, 293�297.Cevolani G., Gabui F. G., Hajduk A., Hajduková M.,Porub£an V., and Trivellone G. (1996). �Baselinee�et on the forward satter radar re�etions frommeteor trains�. Il Nuovo Cimento C, 19, 445�450.Hines C. (1958). �Diurnal variations in the number ofshower meteors deteted by the forward-sattering
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