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2CEMeNt.Sine 2009, double station meteor observations by the all-sky video ameras of the Slovak VideoMeteor Network (SVMN) resulted in hundreds of orbits. Thanks to several amateur wide �eld videostations of the Central European Meteor Network (CEMeNt) and despite a not-ideal weather situa-tion, we were able to observe several Lyrid 2009, Geminid 2010, and Quadrantid 2011 multi-stationmeteors during their maxima. The presented meteor orbits derived by the UFOOrbit software maybe quali�ed as quite preise.1 IntrodutionReently, video observations with high-resolution digi-tal ameras beame more widely a�ordable, and severalmeteor detetion networks started operations all overthe world. Among them are the Slovak Video MeteorNetwork (SVMN), operated at the professional level bythe Comenius University, and the Central EuropeanMeteor Network (CEMeNt), an amateur network on-sisting of several stations in the Czeh and Slovak Re-publis. These networks ooperate losely with the Pol-ish Fireball Network, the Hungarian Meteor Network aswell as with other networks. Using video observations,we are able to detet fainter meteors than by lassi-al photography and obtain a better time resolution forindividual meteors. Thanks to available detetion andanalysis software, the data redution is fast.2 Slovak Video Meteor Network andCEMeNtThe Slovak Video Meteor Network urrently onsists oftwo semi-automated all-sky video ameras, developedand onstruted at the Astronomial and GeophysialObservatory of the Comenius University (AGO) in Mo-dra. The �rst station is loated at AGO, the seondone, remotely ontrolled, at the Arborétum Mly¬any(ARBO), at a distane of 80 km. The network websiteis http://www.daa.fmph.uniba.sk/meteor_network.html.Both stations are equipped with a Canon �sh-eye lens(15 mm, f/2.8), an image intensi�er Mullard XX1332,and a digital video amera DMK41AU02.AS (1280 ×

960 pixels; angular resolution 8 .′5/pixel; stellar limitingmagnitude +5.5; meteor limiting magnitude +3.5). Thethird station with the same on�guration is being pre-pared for installation in Kysuké Nové Mesto, and an-other portable station is available for expeditions. Thelast one had been working at ARBO site during theQuadrantids 2011.

Figure 1 � Loation of ground-based video meteor stationsof SVMN (AGO, ARBO) and CEMeNt (Stohov, Vy²kov,Krom¥°íº, Nýdek, Marianka and Dunajská Luºná).The CEMeNt network was developed at the initiativeof amateur observers and urrently operates simultane-ously with SVMN. Observers of CEMeNt work inde-pendently (http://ement.fireball.sk).

Figure 2 � Image of the �reball from the all-sky video sys-tem of SVMN (Station ARBO) om September 6, 2011, at
23
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m UT. North is down and West is on the left.
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Figure 3 � Distribution of orbital elements (eq. 2000.0) of Lyrid meteors (q, e, i, ω, a) as well as geoentri veloityof preise IAU MDC photographi orbits (Lindblad et al., 2003), SonotaCo Japanese database reords from 2007�2009(SonotaCo, 2009), and observations from the baseline Modra�Arboretum in 2009 (marked as AGO). The semimajor axisgraph also ontains mean motion resonanes with Saturn.The station at Dunajská Luºná is equipped with a Wa-te 902H2 Ultimate amera and an XtendLan 2.8 mmlens. It uses a Canopus ADVC-55 AD onverter. The�eld of view is 114◦× 85◦. The Stohov station has thesame Wate amera and AD onverter as the DunajskáLuºná station, but in ombination with a Fujinon lens(3.6 mm). Its stellar limiting magnitude is +4.5 (formeteors approximately +1.5) and the �eld of view is
80◦ × 60◦. The system of Krom¥°íº onsists of a Wa-te 902 H2 amera (720 × 576 pixels), a Goyo GADNvarifoal 3�8 mm lens. The �eld of view is 75◦ × 60◦,the stellar limiting magnitude is +4.6 and the meteorlimiting magnitude is +2.5. The Vy²kov station is amobile version of the Krom¥°íº station. The Mariankastation onsists of a Wate 902H2 Ultimate amera, aFujinon 2.9�8 mm lens (f/0.95). The image is obtainedby using an internal TV grabber. The loations of theSVMN and CEMENT stations are shown in Figure 1.3 Observations and data analysisThe video signal is analyzed and deteted by using theUFOCapture software, whih is able to reognize mete-ors and �reballs. Meteor data have been proessed withUFOAnalyzer and UFOOrbit (SonotaCo, 2009).3.1 Lyrids 2009The observation of the Lyrid meteor shower, in the nightof April 21/22, 2009, from 19h15m to 2h20m UT, wasthe �rst observational test for double-station operationand subsequent orbit alulations within SVMN.We ob-tained reliable observational data overing a substantialpart of the Lyrid's maximum in 2009. We deteted 78

and 52 meteors from the �rst and the seond station, re-spetively. Of these, 32 were simultaneously observed atboth stations, and 17 of them were identi�ed as Lyrids.The orbits of Lyrids from Modra�Arboretum are on-sistent with those previously derived by several authors(Jenniskens, 2006, p. 702) and presented in Figure 3.The orbital element distributions are generated by us-ing a B-spline tehnique. The 17 observed Lyrids areompared with 17 IAU MDC photographi orbits fromLindblad et al. (2003) and 75 Lyrids from the SonotaCodatabase of video orbits (SonotaCo, 2009) obtained in2007�2009. The orbits from the SonotaCo database rep-resent the most preise subset of Lyrids in the databaseseleted by high quality riteria (Vere² & Tóth, 2010).Nevertheless, there are some hyperboli orbits in allthree datasets. The IAU Meteor Database ontains35%, SonotaCo 8% and our data 35% Lyrids on hy-perboli orbits. However, the hyperboliity of mete-ors might not be real. Aording to Hajduková (2008),the most probable reason is the unertainty in veloitydetermination, shifting a part of the data through theparaboli limit. Therefore, we restrited ourselves toellipti orbits in the graph showing the distribution ofthe semimajor axis in Figure 3 (Tóth et al., 2011a).3.2 Geminids 2010 and Quadrantids 2011These meteor observations were performed during themaximum ativity of the Geminids (Deember 13�14,2010) and Quadrantids (January 3�4, 2011), where 44,respetively 100, meteors were observed simultaneously.In the data of SVMN and CEMeNt, we have found 35Geminids and 66 Quadrantids.



84 Proeedings of the IMC, Sibiu, 2011Table 1 � Mean orbit of Geminids from multi-station observations on Deember 13�14, 2010, by SVMN and CEMeNt.Orbital elements, geoentri radiant, and geoentri veloity are shown. They are ompared with the SonotaCo meanorbit from the solar longitude interval λ⊙ = 261 .◦49�261 .◦79.
a (AU) q (AU) e i ω Ω α δ Vg (km/s) OrbitsOur data 1.268 0.148 0.883 21 .◦84 324 .◦30 261 .◦61 113 .◦07 +32 .◦13 33.30 10St. dev. 0.048 0.007 0.008 1 .◦28 0 .◦76 0 .◦09 0 .◦49 0 .◦41 0.67SonotaCo 1.279 0.149 0.884 22 .◦69 324 .◦03 261 .◦69 113 .◦24 +32 .◦45 33.47 121St. dev. 0.075 0.014 0.017 2 .◦49 1 .◦45 0 .◦08 0 .◦76 0 .◦78 1.16Table 2 � Mean orbit of Quadrantids from multi-station observations on January 3�4, 2011 by SVMN and CEMeNt.Orbital elements, geoentri radiant, and geoentri veloity are shown. They are ompared with the SonotaCo meanorbit from the solar longitude interval λ⊙ = 282 .◦88�283 .◦32.
a (AU) q (AU) e i ω Ω α δ Vg (km/s) OrbitsOur data 2.547 0.981 0.611 70 .◦31 174 .◦55 283 .◦19 228 .◦88 +50 .◦44 39.91 8St. dev. 0.264 0.003 0.044 1 .◦20 3 .◦93 0 .◦10 2 .◦12 1 .◦00 0.73SonotaCo 2.467 0.978 0.606 70 .◦162 169 .◦89 283 .◦30 230 .◦39 +49 .◦20 39.82 39St. dev. 0.487 0.003 0.082 2 .◦59 2 .◦98 0 .◦16 2 .◦36 0 .◦93 1.79There are several UFOOrbit parameters that an eval-uate the quality of the obtained meteor orbits. In or-der to separate high-quality orbits, we set multiple on-straints on the data set. Due to the geometry of theinoming meteor trails, we seleted individual meteorpairs in order to get the maximum preision of the or-bital elements. For the Geminids, we set the generalquality riterion for the orbits to Q2�an internal on-dition of the UFOOrbit software (SonotaCo, 2009). Inthis way, we obtained 10 Geminid meteor orbits. Alsofor Quadrantids, we seleted the Q3 quality riterionand obtained 8 Quadrantid orbits.The mean orbits of the Geminids (2010) and the Quad-rantids (2011) obtained during the respetive showermaxima are presented in Tables 1 and 2. The meanorbit is obtained by taking the arithmeti mean of eahorbital element, with the orresponding standard devi-ation. In omparison, we used the SonotaCo data setof meteor showers observed above Japan during threeyears (2007�2009) and alulated the mean orbit of theGeminids (121 orbits) and Quadrantids (39 orbits) aswell. Only SonotaCo orbits lying within the same rangeof the solar longitude as our observed meteors have beentaken into aount (261 .◦49 ≤ λ⊙,GEM ≤ 261 .◦79 and

282 .◦88 ≤ λ⊙,QUA ≤ 283 .◦32). The omparison data werealready �ltered by the Q3 riterion in order to proessonly high-quality orbits. As an be seen in Tables 1and 2, our mean orbits are very similar to the mean or-bits obtained from the subset of high-quality SonotaCodata (Tóth et al., 2011b).4 ConlusionVideo observations allow the detetion of fainter mete-ors, hene a larger number of meteors an be detetedin omparison with a photographi tehnis. Coordi-nated video observations of meteors with amateur as-tronomers yields a signi�ant number of high qualityhelioentri orbits. This ooperation has proved to be

partiularly fruitful due to unstable weather in Cen-tral Europe. In addition to both urrent professionalstations, future observations with amateurs may yieldmore results, espeially during ative meteor showers orother observing ampaigns.AknowledgementsThis work was supported by the VEGA No. 1/0636/09and APVV-0516-10 grants.ReferenesSonotaCo (2009). �A meteor shower atalog based onvideo observations in 2007�2008�. WGN, Journalof the IMO, 37, 55�62.Lindblad B. A., Neslu²an L., Porub£an V., and Svore¬J. (2003). �IAU Meteor Database of photographiorbits version 2003�. Earth, Moon, and Planets,93, 249�260.Jenniskens P. (2006) Meteor Showers and their ParentComets. Cambridge Univ. Press, Cambridge, UK.Vere² P. and Tóth J. (2010). �Analysis of the Sono-taCo video meteoroid orbits�. WGN, Journal ofthe IMO, 38, 54�57.Hajduková M., Jr. (2008). �Meteors in the IAU MeteorData Center on hyperboli orbits�. Earth, Moon,and Planets, 102, 67�71.Tóth J., Korno² L., Vere² P., �ilha J., Kalman£ok D.,Zigo P., Világi J. (2011a). �All-sky video orbits ofLyrids 2009�.Publ. Astron. So. Japan,63, 331�334.Tóth J., Vere² P., Korno² L., Pi� R., Koukal J., Gaj-do² �., Majhrovi£ I., Zigo P., Zima M., Világi J.,Kalman£ok D. (2011b). �Video observation of Gem-inids 2010 and Quadrantids 2011 by SVMN andCEMeNt�. WGN, Journal of the IMO, 39, 34�38.


