
10 WGN, the Journal of the IMO 38:1 (2010)Ongoing meteor workThe VMO �le format. I. Redu
ed 
amera meteor and orbit dataGeert Barentsen 1, Rainer Arlt, Detlef Kos
hny, Prakash Atreya, Joa
him Flohrer, TadeuszJopek, André Knöfel, Pavel Koten, Jonathan M
 Auli�e, Jürgen Oberst, Juraj Tóth, JeremieVaubaillon, Robert Weryk, Mariusz Wi±niewski and Przemyslaw �oª�adekWe propose a standard XML-based �le format for storing and transferring redu
ed data from photographi
and video meteor observations and meteoroid orbits and traje
tories. The format is the result of dis
ussionswithin the Virtual Meteor Observatory (VMO) team, whi
h aims to fa
ilitate 
ollaboration in the meteor s
ien
e
ommunity and in
rease the s
ienti�
 impa
t of 
ombined observational data. The proposed format is extensibleand allows meteoroid orbits and traje
tories to be tra
ed ba
k to the original observing data and algorithms.We provide a des
ription of the stru
ture of the format and give pre
ise de�nitions for ea
h data �eld.Re
eived 2009 September 301 Introdu
tionThe Virtual Meteor Observatory (VMO) proje
t aimsto fa
ilitate 
ollaboration between di�erent meteorgroups, by giving meteor resear
hers an easy way toquery and retrieve data available to the worldwide 
om-munity. During the �rst meeting of the VMO team, itwas agreed that a �rst step towards this goal is to spe
-ify a standard �le format to store and ex
hange meteordata (Barentsen et al., 2007; Kos
hny et al., 2009). Theformat should store data that has been redu
ed to aform that makes it suitable for s
ienti�
 use, yet pro-vide su�
ient te
hni
al details to allow the quality andorigin of the observation to be assessed. Su
h a formatwould allow existing data ar
hives and software toolsto be
ome 
ompatible through single format 
onversiontools. It would also en
ourage software to support astandard format and allow observations to be stored in
entralized and sear
hable ar
hives.The ar
hite
ture of the VMO was dis
ussed previ-ously and the reader is referred to Kos
hny et al. (2008)for a des
ription. In this paper, we propose a �le for-mat for storing the redu
ed results from photographi
and video-based observations (hereafter 
olle
tively re-ferred to as �
amera observations�). We also spe
ify howto store meteoroid traje
tories and orbits (whi
h maybe derived from any observing te
hnique). In a follow-up arti
le in WGN, we will extend the format to visualobservations and �reball reports. By then, we will have
overed almost all data se
tions proposed by Kos
hnyet al. (2009), with the ex
eption of observations by for-ward or ba
kward s
atter radio te
hniques. Formatsfor forward s
atter data are available from Brentjens(2006) and Terrier (2009) and may be in
orporated inthe future.The format presented here, �VMO Format 1.0�, isalso do
umented on the website of the International Me-teor Organization, http://vmo.imo.net/standards,where it is a

ompanied by additional examples and1Armagh Observatory, College Hill, Armagh BT61 9DG, UK.Email: gba�arm.a
.ukIMO bib
ode WGN-381-barentsen-vmo-
ameraNASA-ADS bib
ode 2010JIMO...38...10B

validation tools. We re
ommend users to 
he
k the web-site for updates.2 File stru
tureThe VMO �le format is based on XML, whi
h is a stan-dard method for storing 
omplex information in simpletext �les. An XML �le is a hierar
hi
al stru
ture of ele-ments, whi
h are strings of data en
losed by start- andend-tags. For example, a Perseid meteor of magnitude+2.5 seen on 2009 August 12 may be formatted usingXML as follows:<meteor><time>2009-08-12T00:04:13.25</time><shower_
ode>PER</shower_
ode><mag>2.5</mag></meteor>An example of a well-known XML-based format isXHTML, whi
h is used to de�ne the layout of webpagesusing elements su
h as <title> and <img>. In thispaper, we des
ribe the VMO format by de�ning ourown suitable elements. These elements must be useda

ording to the XML syntax rules, whi
h are not givenhere but 
an easily be retrieved online1.A �le in the VMO format starts with the <vmo>root element, whi
h appears exa
tly on
e anden
loses the entire 
ontents of the �le. The root elementmust spe
ify the version number (1.0) and the orga-nization that de�ned the format (IMO) as follows:
<vmo version="1.0" xmlns="http://www.imo.net">.The root element may have 
ertain 
hild elements su
has <lo
ation> (de�ning an observing site) and
<
am_session> (a 
amera observing session). These
hild elements may appear an unlimited number of timesin any order. Some of the elements refer to ea
h other,for example a 
amera observing session refers to an ob-server and a lo
ation as follows:<vmo version="1.0" xmlns="http://www.imo.net"><lo
ation><lo
ation_
ode>DEPOTS</lo
ation_
ode><name>Potsdam</name>1http://www.w3s
hools.
om/xml
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ation><observer><observer_
ode>ARLRA</observer_
ode><first_name>Rainer</first_name><last_name>Arlt</last_name>...</observer><
am_session><lo
ation_
ode>DEPOTS</lo
ation_
ode><observer_
ode>ARLRA</observer_
ode>...</
am_session></vmo>A pre
ise de�nition of the various elements and theirrelations is given in Tables 1�13. A graph of the stru
-ture is shown in Figure 1, an example �le is shown inFigure 2.Note that we introdu
e sessions whi
h are 
omprisedof smaller observing periods. Su
h sessions are not ne
-essary for the 
omplete and unambiguous storage ofdata, but the grouping into sessions makes the handlingof data pa
kages far more 
omfortable. Typi
al sessionsmay 
orrespond to nights, but 
an also 
orrespond togroup 
ampaigns or other pra
ti
al entities. All pho-tographi
, video, and later on also visual observationswill be grouped in sessions.The tables and graph show the allowed multipli
ity(o

uren
e) of ea
h element. The possible values are�1� if the element is obligatory, �0..1� if the element isoptional but should not appear more than on
e, �0..N�if the element is optional and 
an appear several times,and �1..N� if the element is obligatory and 
an appearseveral times. Elements may appear in any order.Most elements are intentionally left optional to allowthe format to be used even when only minimal datais available. This allows the format to be useful forolder data whi
h was 
reated before any standard wasde�ned, or even histori
al data. However, one shouldmake a reasonable e�ort to in
lude as many elementsas possible.3 ConventionsIn addition to the element de�nitions given in the ta-bles, a VMO �le must adhere to the following 
onven-tions:1. The number of digits used to store a number mustalways be at least 1 or 2 larger than would be
alled for by the �signi�
ant-�gures rule�. For ex-ample, if an e

entri
ity was determined to be0.3266, but with an un
ertainty of 0.0021, oneshould retain the pre
ision of e = 0.3266± 0.0021and not round to e = 0.327 ± 0.002. The�signi�
ant-�gures rule� should not be used whenstoring numbers that may be used in further 
om-putations, be
ause it introdu
es rounding errors.2. Un
ertainties must be given as a standard error (σ)or 
ovarian
e value. These errors must be ob-

tained by propagating the un
ertainties of the in-put data (e.g., the meteor astrometry) to the out-put data (e.g., the orbital elements). This maybe done using analyti
al propagation formulas orstatisti
al Monte Carlo iterations.3. All equatorial 
oordinates must be given in de
-imal degrees (epo
h J2000.0). At least 5 dig-its behind the de
imal sign must be supplied ifar
se
ond-pre
ision is available.4. All times must be given in Coordinated UniversalTime (UTC). This is the international standardon whi
h 
ivil time is based, with leap se
ondsadded at irregular intervals. Times must be for-matted using the ISO 8601 standard (e.g., �2009-08-12T23:14:05�).4 Tra
eabilityDuring dis
ussions on the VMO format, several meteors
ientists emphasized the importan
e of being able totra
e redu
ed data ba
k to the original observations andpro
essing steps (Kos
hny et al., 2007). For example, itshould be possible to retrieve the original single-stationdata that was used to 
ompute an orbit. It should alsobe possible to determine whi
h algorithms and pro
ess-ing steps were used in the 
omputations. The VMOformat allows su
h tra
eability in the following ways:1. Orbits and traje
tories may be linked to the origi-nal single-station data by means of a
<meteor_
ode> element (
f. Figure 1). Theseunique meteor 
odes may be assigned using therules given in Table 7.2. Orbits refer to an <orbit_pipeline> element (
f.Table 9), whi
h holds referen
es and des
riptionsof the various pro
essing steps and algorithms usedin the determination of the traje
tory and orbit.In addition, the state ve
tor of the meteor 
an bestored to allow the orbit to be re
omputed easily.3. The format provides a <file> element (
f. Ta-ble 13), whi
h allows raw and intermediate datato be linked to the redu
ed data. For example,we may link an original video 
lip to a meteor asfollows:<vmo version="1.0" xmlns="http://www.imo.net">...<meteor><shower_
ode>PER</shower_
ode><mag>2.5</mag><file><path>videos/met293.avi</path><
omments>Meteor of 2009 Aug 12, 23:14:05</
omments></file></meteor>...</vmo>
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Figure 1 � Stru
ture of the most important elements in the VMO format. Solid lines denote an element 
ontaining anotherelement, dashed arrows denote an element referring to another element through a unique 
ode. Numbers next to the arrowsdenote the minimum and maximum multipli
ity of the relation. All the elements are de�ned in detail in Tables 1�13.<?xml version="1.0" en
oding="UTF-8"?><!-- VMO Format example for video observation --><vmo version="1.0" xmlns="http://www.imo.net"><observer><observer_
ode>KOSDE</observer_
ode><first_name>Detlef</first_name><last_name>Kos
hny</last_name><
ity>Noordwijkerhout</
ity><
ountry_
ode>Netherlands</
ountry_
ode><email>Detlef.Kos
hny�esa.int</email></observer><lo
ation><lo
ation_
ode>NLNOOR</lo
ation_
ode><name>Noordwijkerhout</name><
ountry_
ode>NL</
ountry_
ode><lon>4.491112</lon><lat>52.265282</lat><height>55</height></lo
ation><
am_system><system_
ode>TEC1</system_
ode><name>TEC1 system, ESA/RSSD</name><system_type>VIDEO</system_type><
onta
t_
ode>KOSDE</
onta
t_
ode></
am_system><
am_session><system_
ode>TEC1</system_
ode><lo
ation_
ode>NLNOOR</lo
ation_
ode><observer_
ode>KOSDE</observer_
ode><software_
ode>METREC_V4.1+</software_
ode><
amera_
ode>WATEC</
amera_
ode><lens_
ode>FUJ50_1.2</lens_
ode><gain>highest setting</gain>

<period><start>2009-01-30T18:04:40</start><stop>2009-01-31T05:00:00</stop><teff>10.9175</teff><meteor><meteor_
ode>CAM-20090130-TEC1-M001</meteor_
ode><time>2009-01-30T18:17:21.69</time><shower_
ode>SPO</shower_
ode><speed>14.9</speed><mag>2.04</mag><e_mag>0.42</e_mag><pos><pos_no>1</pos_no><time>2009-01-30T18:17:21.69</time><mag>2.63</mag><pos_ra>110.91751</pos_ra><pos_de
>72.38500</pos_de
><e_mag>0.42</mag><e_pos_ra>0.0321</e_pos_ra><e_pos_de
>0.0321</e_pos_de
></pos><pos><pos_no>2</pos_no><time>2009-01-30T18:17:21.74</time><mag>2.54</mag><pos_ra>110.01901</pos_ra><pos_de
>72.09010</pos_de
><e_mag>0.42</e_mag><e_pos_ra>0.0321</e_pos_ra><e_pos_de
>0.0321</e_pos_de
></pos>...</meteor></period></
am_session></vmo>Figure 2 � Example of a video meteor in the VMO format. Note that the right 
olumn of this �gure needs to be storedbelow the left 
olumn in a real �le.
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hanism allows observing software to usethe VMO format as the main output format forthe redu
ed data, while keeping the raw and in-termediate data in the software-spe
i�
 formats.Data ar
hives may de
ide whether or not to storethis raw data 
entrally, depending on the avail-able storage and bandwidth resour
es. There is a
<�le> option for most of the tables. The
<orbit_pipeline> 
an be a

ompanied by a
tualreferen
e papers or even entire software pa
kagesusing the <�le> element.5 Extending the formatThe VMO format is designed to store redu
ed data,e.g. astrometri
 and photometri
 measurements, whi
hare ready to use for s
ienti�
 analyses. In addition tothese parameters, observations produ
e a lot of raw andintermediate data. We have 
hosen not to in
lude mostof su
h data, either be
ause it would make the formatneedlessly 
omplex or be
ause there is no standard wayto store the information.However, the XML syntax provides a me
hanism toin
lude additional data in an existing format by meansof adding 
ustom elements. Any user may add his ownelements by using a namespa
e pre�x in the elementnames. These elements marked in that way are now out-side the namespa
e of the VMO, http://www.imo.net.For example, the Polish Fireball Network (PFN) de-
ided to in
lude the list of astrometri
 referen
e starsin the VMO �les. This is a
hieved by adding a pre-�x, "pfn", in front of their 
ustom elements, and thenamespa
e http://pfn.pkim.pl. For example:<vmo version="1.0" xmlns="http://www.imo.net">...<pfn:refstar xmlns:pfn="http://pfn.pkim.org"><pfn:x>0.2486</pfn:x><pfn:y>0.3654</pfn:y><pfn:ra>12.574894</pfn:ra><pfn:de
>36.542478</pfn:de
></pfn:refstar>...</vmo>It is likely that the extension to store referen
e stardata will be in
luded in the next version of the VMOformat, after some additional dis
ussions in the VMOteam. Other future extensions may in
lude support forspe
tra and moving lo
ations (i.e., des
ribing the pathof an air
raft). We invite anyone using extensions tojoin the VMO team and help improve the standard.We refer the reader to the XML syntax rules forfurther details on adding 
ustom elements2.6 Con
lusionWe presented the �rst version of an extensible XML-based �le format for redu
ed data from video- and pho-tographi
 meteor observations and meteoroid orbits andtraje
tories. An initial database implementation is nowavailable at http://vmo.imo.netwhi
h brings all these2http://www.w3s
hools.
om/xml/xml_namespa
es.asp

tables (and additional auxiliary ones) together in a rela-tional database with some software tools for data inges-tion and analysis. These software tools are also avail-able as servi
es to outside users. Data providers willhave to provide ingestion routines whi
h 
onvert thedata to the VMO format as des
ribed in this paper.We invite the 
ommunity to evaluate the format andpropose 
orre
tions and extensions. Meteor resear
hersare also invited to 
ontribute with a
tual datasets to letthe VMO grow and to dis
over possible short-
omingsof the data model des
ribed here. Updated versions ofthe format will be published on the IMO website.A
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<?xml version="1.0" en
oding="UTF-8"?><!-- Example orbit / traje
tory --><vmo version="1.0" xmlns="http://www.imo.net"><orbit_pipeline><pipeline_
ode>UFO2.21</pipeline_
ode><name>UFOOrbit 2.21 by SonotaCo</name><astrometry>Uses UFOAnalyzer 2.25 by SonotaCo</astrometry><traje
tory>Ceple
ha (1987)</traje
tory><errors>Un
ertainties propagated by Monte-Carlo</errors></orbit_pipeline><orbit_set><set_
ode>ORB-ARLRA-PER2009</set_
ode><
onta
t_
ode>ARLRA</
onta
t_
ode><version>2009-06-12T18:00:00</version><orbit><pipeline_
ode>UFO2.21</pipeline_
ode><orbit_type>VIDEO</orbit_type><time>2007-08-13T00:16:06.015</time><shower_
ode>PER</shower_
ode><iau_no>0007</iau_no><!-- Orbital elements --><q>0.959751</q><aph>15.732</aph><a>8.346</a><e>0.8850</e><i>112.997</i><omega>152.542</omega><as
_node>139.803842714</as
_node><t0>240220518.531</t0><m0>0.801</m0><!-- State ve
tor from whi
h orbit 
an be 
omputed --><state>2007-08-13T00:16:06.015,6786436.2,356741.9,123474.3,35425.6,12325.4,23747.2</state><!-- Brightness, mass, velo
ity, radiant --><mag_abs>1.21</mag_abs><mass>0.0821</mass><vel_geo>58.505</vel_geo><vel_helio>40.573</vel_helio><rad_obs_ra>45.1926</rad_obs_ra><rad_obs_de
>57.7185</rad_obs_de
><rad_geo_ra>45.8621</rad_geo_ra><rad_geo_de
>57.6263</rad_geo_de
><!-- Un
ertainties --><e_q>0.0041</e_q><e_a>1.61</e_a><e_e>0.021</e_e><e_i>0.21</e_i><e_omega>1.02</e_omega><e_as
_node>0.00000049</e_as
_node><e_t0>59.2</e_t0>

<e_m0>0.24</e_m0><e_mag_abs>0.73</e_mag_abs><e_mass>0.11</e_mass><e_vel_geo>0.22</e_vel_geo><e_vel_helio>0.23</e_vel_helio><e_rad_obs_ra>0.44</e_rad_obs_ra><e_rad_obs_de
>0.10</e_rad_obs_de
><
ov_rad_obs>0.00023</
ov_rad_obs><e_rad_geo_ra>0.75</e_rad_geo_ra><e_rad_geo_de
>0.50</e_rad_geo_de
><
ov_rad_geo>0.00041</
ov_rad_geo><e_state>0.10,12474.3,14964.5,13142.7,3.12,6.34,7.44,0.145,0.574,0.134,0.136,0.245,0.244</e_state><!-- Referen
e to single-station data --><meteors>2</meteors><meteor_
ode>CAM-20070812-ICC2-M061</meteor_
ode><meteor_
ode>CAM-20070812-LCC3-M008</meteor_
ode><!-- Traje
tory information --><traje
t_pos><pos_no>1</pos_no><time>2007-08-13T00:16:05.68123</time><lon>13.822943</lon><lat>47.084535</lat><height>115.372</height><mag_abs>3.182</mag_abs><e_time>0.00071</e_time><e_lon>0.00062</e_lon><e_lat>0.00042</e_lat><e_height>0.12</e_height><e_mag_abs>0.76</e_mag_abs></traje
t_pos><traje
t_pos><pos_no>2</pos_no><time>2007-08-13T00:16:05.69872</time><lon>13.816761</lon><lat>47.080943</lat><height>114.636</height><mag_abs>2.871</mag_abs><e_time>0.00071</e_time><e_lon>0.00037</e_lon><e_lat>0.00043</e_lat><e_height>0.10</e_height><e_mag_abs>0.68</e_mag_abs></traje
t_pos>...</orbit></orbit_set></vmo>Figure 3 � Example of a meteoroid orbit in the VMO format. Note that the right 
olumn of this �gure needs to be storedbelow the left 
olumn in a real �le. The line-breaks and whitespa
es inside <state> and <e_state> are not allowed, buthave been added for readability.
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Table 1 � <vmo> element: the root element whi
h must appear exa
tly on
e in ea
h VMO �le and en
loses all the data.Name # Des
ription Example(s) Typeobserver 0..N A person observing or resear
hing meteors, seeTable 2. <observer>lo
ation 0..N An observing site, see Table 3. <lo
ation>
am_system 0..N Video or photographi
 equipment, see Table 4. <
am_system>
am_session 0..N Video or photographi
 observing session, see Ta-ble 5. <
am_session>orbit_pipeline 0..N Orbit determination pro
edure details, see Ta-ble 9. <orbit_pipeline>orbit_set 0..N A set of 
omputed meteoroid orbits and traje
to-ries, see Table 10. These sets are similarly mo-tivated like the 
amera sessions as to group datainto pa
kages for more 
onvenient handling. <orbit_set>visual 0..N Visual observing session. To be de�ned in thefollow-up WGN paper. <visual>�reball 0..N Fireball report. To be de�ned in the follow-upWGN paper. <�reball>
Table 2 � <observer> element: 
onta
t information for a person, su
h as a visual observer or the operator of a videostation. Ea
h observer is uniquely identi�ed by the observer_
ode, whi
h is used by other elements to refer to an observer.Name # Des
ription Example(s) Typeobserver_
ode 1 Unique alphanumeri
 identi�
ation 
ode for theperson, in upper
ase. This 
ode has to be uniquewithin ea
h �le, and should preferably be reg-istered 
entrally at http://vmo.imo.net to avoid
on�i
ts. `ARLRA' string�rst_name 1 Given names and optionally also the middle name.All 
hara
ters from the extended latin alphabetmay be used. For other alphabets, use the Englishtrans
ription. Avoid ni
knames. `Rainer' stringlast_name 1 Last name(s). Again, only 
hara
ters from theextended latin alphabet should be used. `Arlt' stringaddress1 0..1 Address line 1. stringaddress2 0..1 Address line 2. stringaddress3 0..1 Address line 3. stringpostal_
ode 0..1 Postal 
ode. string
ity 0..1 City of residen
e. `Berlin' string
ountry_
ode 1 Two-letter ISO 3166 
ountry 
ode of residen
e. `DE' stringbirth_year 0..1 Year of birth. Note that this �eld is optional. `1991' integeremail 0..1 E-mail address. `visual�imo.net' stringurl 0..1 Personal or institute web site. `www.rainerarlt.de' stringa�liation 0..1 Institute, 
lub or asso
iation. Enter more thanone if needed. `AKM' string
omments 0..1 A 
omment �eld allowing free text. string�le 0..N Atta
h one or more �les, for example a photo ofthe observer. See Table 13. <�le>
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ation> element: information on an observing site. Ea
h lo
ation is uniquely identi�ed by the lo
ation_
ode,whi
h is used by other elements to refer to a lo
ation.Name # Des
ription Example(s) Unit Typelo
ation_
ode 1 Unique alphanumeri
 identi�
ation 
ode for thelo
ation, in upper
ase. This 
ode has to be uniquewithin ea
h �le, and should preferably be reg-istered 
entrally at http://vmo.imo.net to avoid
on�i
ts. `DEPOTS' stringname 1 Administrative name of the town or village, op-tionally followed by a more spe
i�
 name of thesite. `Potsdam,Astrophysi
alInstitute' string
ountry_
ode 1 Two-letter ISO 3166 
ountry 
ode. `DE' stringlon 1 Geographi
 longitude in de
imal degrees. Thelongitude should be a signed value between −180and +180. A negative value means `WEST', apositive value means `EAST'. The WGS84 
oor-dinate system should be used, whi
h is also thebasis for the GPS system and tools su
h as GoogleEarth. Give 5 or more digits behind the de
imalsign if meter-a

ura
y is required.
13.102355 deg de
imal

lat 1 Geographi
 latitude of the lo
ation in de
imal de-grees. The latitude should be a signed value be-tween −90 and +90. A negative value means`SOUTH', a positive value means `NORTH'. TheWGS84 
oordinate system should be used. Give5 or more digits behind the de
imal sign if meter-a

ura
y is required.
52.404186 deg de
imal

height 0..1 Height of the lo
ation in meters a

ording to theWGS84 
oordinate system. 24.3 m de
imalun
ertainty 0..1 Estimated error of the 
oordinates in meters. 20 m de
imal
omments 0..1 A 
omment �eld allowing free text. string�le 0..N Atta
h one or more �les, for example a photo ofthe observing site. See Table 13. <�le>Table 4 � <
am_system> element: information on a video or photographi
 observing system. Ea
h system is uniquelyidenti�ed by the system_
ode, whi
h is used by other elements to refer to a system. The a
tual te
hni
al details of thesystem have to be given in ea
h <
am_session> element, sin
e most 
omponents may 
hange frequently and should bespe
i�ed for ea
h session to ensure 
orre
t information.Name # Des
ription Example(s) Typesystem_
ode 1 Unique alphanumeri
 identi�
ation 
ode for thesystem, in upper
ase. This 
ode should preferablybe registered 
entrally at http://vmo.imo.net toavoid 
on�i
ts. `ICC3' stringname 1 Long name of the system. `ESA/RSSD Intensi�edCCD Camera #3' stringsystem_type 0..1 Type of the system. Should be either `STILL'(typi
ally one exposure per meteor) or `VIDEO'(multiple exposures per meteor). `VIDEO' string
onta
t_
ode 0..1 Conta
t person for the system, identi�ed by theobserver 
ode. The <observer> element for thisperson should preferably, but not obligatory, begiven in the same �le. `KOSDE' string
omments 0..1 Free text �eld for 
omments. `Built in 1998.' string�le 0..N Atta
h one or more �les, for example system do
-umentation. See Table 13. <�le>
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am_session> element: observing session performed using a 
amera system. A session is an arbitrary
olle
tion of observing periods and meteors, typi
ally re
orded during a single night. A session also holds the te
hni
aldetails and 
on�guration of the 
amera system.Name # Des
ription Example(s) Typesystem_
ode 1 System identi�ed by the unique 
ode. The 
orrespond-ing <
am_system> element should preferably, butnot obligatory, be given in the same �le. `ICC3' stringlo
ation_
ode 1 Lo
ation of the session, identi�ed by the unique lo-
ation 
ode. It is 
ompulsory to give the <lo
ation>element for this lo
ation in the same �le. `NLNOOR' stringobserver_
ode 1 The 
onta
t person for this session, identi�ed by theobserver 
ode. It is 
ompulsory to give the <observer>element for this person in the same �le. `KOSDE' stringversion 0..1 Time of last update (used as version identi�er). 2009-06-12T18:00:00 datetimesoftware_
ode 0..1 Code of the software used to pro
ess the data. `METREC_V3.6' stringshower_
at_
ode 0..1 Code of the shower 
atalog used to identify showermeteors, if shower designations are given in <meteor>. `IMO2009' string
amera_
ode 0..1 Camera body or 
hip used. `MINTRON_12v1' stringprism_
ode 0..1 Prism or grating used (if any). stringlens_
ode 0..1 Lens used. `FUJINON_12' stringintensi�er_
ode 0..1 Intensi�er used (if any). `DEP_42' stringrelay_lens_
ode 0..1 Lens that �lmed the output of the intensi�er (if any). `RELAY_1' stringdigitizer_
ode 0..1 Devi
e used to digitize the exposures. `MATROX_METEOR2' stringgain 0..1 Free des
ription of the gain setting. `Highest gain' stringstorage 0..1 Des
ription of any intermediate storage (e.g., VCRtape, analog �lm, MPEG-
ompressed digital �le). `KODAK_400_ASA' stringinterla
ed_�ag 0..1 Does the 
amera use the interla
ed video format?Leavy empty for a still 
amera. true, false booleaninterla
ed_order 0..1 Order of the interla
ed �elds: 'ODD' or 'EVEN'. 'ODD', 'EVEN' stringexposure_time 0..1 Length of ea
h exposure in de
imal se
onds. If inter-la
ed �elds are used, give the exposure time for ea
h�eld. If the exposure time varied, leave empty. 0.02, 0.1, 36000.0 de
imalsampling_interval 0..1 Interval between the beginnings of exposures in de
-imal se
onds. If interla
ed �elds are used, give theinterval between 2 �elds. 0.02 de
imalshutter_�ag 0..1 Did the system have a rotating shutter to make breaksin the meteor trail? true, false booleanshutter_frequen
y 0..1 Frequen
y of the shutter, use breaks per se
ond. 8.64 de
imalshutter_des
ription 0..1 Pre
ise des
ription of the shutter shape. Atta
h adrawing if ne
essary. `The equal-sized blades inter-rupt the light 8.64 times perse
ond.' stringfov_verti
al 0..1 Verti
al size of the �eld of view in degrees. 40 de
imalimage_s
ale 0..1 Approximate image s
ale in degrees per pixel. 0.001 de
imale�e
tive_x 0..1 E�e
tive number of pixels in the x (horizontal) dire
-tion, taking into a

ount all 
omponents of the sys-tem. If interla
ed �elds are used, give the resolutionof a single �eld. 320 integere�e
tive_y 0..1 E�e
tive number of pixels in the y (verti
al) dire
tion,taking into a

ount all 
omponents of the system. Ifinterla
ed �elds are used, give the resolution of a single�eld. 240 integerdepth 0..1 The number of brightness steps the system 
an distin-guish, taking into a

ount all 
omponents. 256 integersaturation_value 0..1 Saturation value of the pixels. 255 string
olor_�ag 0..1 Does the system re
ord 
olor? true, false booleane_time 0..1 Un
ertainty (σ) of the 
lo
k, use de
imal se
onds. 2.05 de
imale_astrometry 0..1 Un
ertainty (σ) of the astrometri
 model, use de
imaldegrees. 0.051 de
imal
omments 0..1 Free text �eld for 
omments. stringperiod 1..N One or more observing periods, as spe
i�ed in Table 6. <period>�le 0..N Atta
h one or more �les, for example the session log�le. See Table 13. <�le>
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Table 6 � <period> element: des
ribes the observing 
onditions and observed meteors in a given interval.Name # Des
ription Example(s) Unit Typestart 0..1 Time when the observation started. Leave emptyif unknown (do not just enter the time of the �rstmeteor). Use the ISO 8601 format in UniversalTime (UTC). 2007-08-11T23:46:27 datetimestop 0..1 Time when the observation ended. Leave emptyif unknown (do not just enter the time of the lastmeteor). Use the ISO 8601 format in UniversalTime (UTC). 2007-08-12T00:47:54 datetimete� 0..1 E�e
tive observing time for a
tivity analysis.Leave empty if unknown. 0.975 h de
imallm 0..1 Average limiting stellar magnitude during the pe-riod. 6.52 mag de
imalfov_alt 0..1 Measured altitude of the 
enter of the �eld of viewabove the horizon in the middle of the period. 32.66 deg de
imalfov_az 0..1 Measured azimuth of the 
enter of the �eld of viewin the middle of the period. North is 0, east is 90,and so forth. 241.34 deg de
imalfov_rotation 0..1 Rotation of the �eld of view in 
ounter-
lo
kwisedire
tion in the middle of the period. Measuredas the angle between y-axis and the dire
tion tozenith. 5 deg de
imalfov_guided_�ag 0..1 Is the 
amera guided, i.e. do the equatorial 
oordi-nates of the �eld of view remain 
onstant through-out the period? true, false booleanfov_obstru
tion 0..1 Average per
entage of the �eld of view that is ob-stru
ted by 
louds, trees, buildings, et
. duringthe period. This should be a number between 0and 100. 20.5 % de
imale_te� 0..1 Un
ertainty (σ) of te�. 0.050 h de
imale_lm 0..1 Un
ertainty (σ) of lm. 0.25 mag de
imale_fov_obstru
tion 0..1 Un
ertainty (σ) of fov_obstru
tion. 5.0 % de
imalmeteor 0..N Observed meteors, as spe
i�ed in Table 7. <meteor>�le 0..N Atta
h one or more �les, for example the periodlog �le. See Table 13. <�le>
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ribes a meteor observed by a 
amera.Name # Des
ription Example(s) Unit Typemeteor_
ode 0..1 Unique alphanumeri
 identi�
ation 
ode for the meteor.Use the format `CAM-YYYYMMDD-SYSTEM-M999' (all upper-
ase), where YYYYMMDD refers to the date on whi
h the ses-sion started, SYSTEM refers to the unique 
ode of the 
am-era system, and 999 refers to the relative number of themeteor in the session. For example, the �rst meteor ob-served by system ICC3 in the session that started on 2007August 11 should be 
alled `CAM-20070811-ICC3-M001'.In 
ase a multiple sessions have started on the same date,append `-N' after the date, where N is the number of thesession. For example, the �rst meteor of the se
ond ses-sion is `CAM-20070811-2-ICC3-M001'. In 
ase more than999 meteors are seen in a session, add extra digits to themeteor number, e.g., `CAM-20070811-ICC3-M1000'.
`CAM-20070811-ICC3-M001' string

time 0..1 Time when the meteor was �rst dete
ted. Use the ISO8601 format in Universal Time (UTC). 2007-08-12T00:12:34.45 datetimeshower_
ode 0..1 The shower designation for the meteor. Initially thisis the shower or sporadi
 sour
e as designated by theobserving software, but this value may be re
omputedand updated at any point in time afterwards a

ordingto an updated standard radiant 
atalog. `SPO' is alsovalid. `PER' string
exposures 0..1 Number of exposures in whi
h the meteor was re
orded(1 if the observation was photographi
). 8 integerduration 0..1 Duration of the meteor. 1.64 s de
imalmag 0..1 Brightest instrumental magnitude. The magnitude is�instrumental� be
ause it depends on the spe
tral re-sponse 
urve of the 
amera, whi
h may di�er from avisual observer. 3.52 mag de
imalspeed 0..1 Average angular speed. 20.30 deg/s de
imalin_fov 0..1 Denotes whether the meteor entered or left the �eld ofview. `00'= started and ended outside the �eld of view,`10'= started inside but ended outside, `01'= startedoutside but ended inside, `11'= both start and end areinside the �eld of view. `11' stringbegin_ra 0..1 Right As
ension (J2000.0) of the begin point. The valuemay have been 
orre
ted, e.g. using a linear �t throughthe meteor or by manual measurement. 20.8753 deg de
imalbegin_de
 0..1 De
lination (J2000.0) of the above. 45.4875 deg de
imalend_ra 0..1 Right As
ension (J2000.0) of the end point. The valuemay have been 
orre
ted, e.g. using a linear �t throughthe meteor or by manual measurement. 12.8754 deg de
imalend_de
 0..1 De
lination (J2000.0) of the above. 49.7851 deg de
imal
omments 0..1 Free text �eld for 
omments. stringe_duration 0..1 Un
ertainty (σ) of duration. 0.13 s de
imale_mag 0..1 Un
ertainty (σ) of mag. 0.21 mag de
imale_speed 0..1 Un
ertainty (σ) of speed. 0.54 deg/s de
imale_begin_ra 0..1 Un
ertainty (σ) of begin_ra. 0.0031 deg de
imale_begin_de
 0..1 Un
ertainty (σ) of begin_de
. 0.0025 deg de
imal
ov_begin 0..1 Covarian
e of begin_ra and begin_de
. 0.000035 deg2 de
imale_end_ra 0..1 Un
ertainty (σ) of end_ra. 0.0022 deg de
imale_end_de
 0..1 Un
ertainty (σ) of end_de
. 0.0015 deg de
imal
ov_end 0..1 Covarian
e of end_ra and end_de
. 0.000081 deg2 de
imalpos 0..N Optional instanteneous astrometri
 or photometri
 mea-surements, as spe
i�ed in Table 8. <pos>�le 0..N Atta
h one or more �les, for example the meteor sumimage. See Table 13. <�le>
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Table 8 � <pos> element: des
ribes the astrometri
 and photometri
 measurements of a meteor frame.Name # Des
ription Example(s) Unit Typepos_no 1 Number of the position, 
ounted relative to ea
hmeteor starting at 1. 1, 2, 3, 4, 5, . . . integertime 0..1 Time of the position, a

urate to the time in-terval between exposures or shutter breaks. Usethe ISO 8601 format in Universal Time (UTC). 2007-08-12T00:12:34.45 datetimemag 0..1 The instrumental brightness of the meteor at thegiven position. 3.64 mag de
imalpos_x 0..1 The horizontal position (x) of the meteor withinthe exposure. This should be a relative valuebetween 0 and 1. The left edge is 0, the rightedge is 1. 0.231 de
imalpos_y 0..1 The verti
al position (y) of the meteor withinthe exposure. This should be a relative valuebetween 0 and 1. The bottom edge is 0, the topedge is 1. 0.454 de
imalpos_ra 0..1 Right As
ension (J2000.0) of the meteor posi-tion. 32.9785 deg de
imalpos_de
 0..1 De
lination (J2000.0) of the meteor position. 130.4845 deg de
imal
orre
tion_�ag 0..1 Was the position 
orre
ted afterwards, for exam-ple by a manual re-measurement? true, false booleanoutlier_�ag 0..1 Are the given 
oordinates outliers relative to theother positions for this meteor? true, false booleansaturation_�ag 0..1 Was the 
amera saturated? This means the mea-surement is less a

urate. true, false booleane_time 0..1 Un
ertainty (σ) of time. 0.062 s de
imale_mag 0..1 Un
ertainty (σ) of mag. 0.23 mag de
imale_pos_x 0..1 Un
ertainty (σ) of pos_x. 0.017 de
imale_pos_y 0..1 Un
ertainty (σ) of pos_y. 0.018 de
imale_pos_ra 0..1 Un
ertainty (σ) of pos_ra. 0.0035 deg de
imale_pos_de
 0..1 Un
ertainty (σ) of pos_de
. 0.0028 deg de
imal
ov_ra_de
 0..1 Covarian
e of pos_ra and pos_de
. 0.000042 deg2 de
imal�le 0..N Atta
h one or more �les, for example the frameimage. See Table 13. <�le>
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ribes a pipeline of software and methods used to determine orbits. This isimportant as meteor s
ientists prefer to know the exa
t methods and tools used in the 
omputation of an orbit. Note thatthe examples shown in this table are kept very short for formatting reasons; in reality one should attempt to give mu
hmore details.Name # Des
ription Example(s) Typepipeline_
ode 1 Unique 
ode of the orbit determination pipeline. `UFO2.21' string
onta
t_
ode 1 The 
onta
t person, identi�ed by the observer
ode refering to the <observer>. . .</observer>element. `SONOTACO' stringname 1 Long name of the pipeline (typi
ally the full nameof a software pa
kage, in
luding the version num-ber and author name). `UFOOrbit 2.21 by Sono-taCo' stringdes
ription 1 General des
ription of the methods and softwareused to determine the orbit. `Uses the UFOtools available fromhttp://www.sonota
o.
om.' stringastrometry 0..1 Des
ribe how astrometry was obtained from rawimages. If astrometry from an existing databasewas used, note it here. Provide referen
es if pos-sible. Leave empty for radar orbits. `Uses UFOAnalyzer 2.25by SonotaCo. Des
ribedin detail in Sonota
o et al(2008), WGN.' stringtraje
tory 1 Des
ribe the traje
tory determination algorithm.Provide referen
es if possible. `Ceple
ha (1987).' stringerrors 1 Des
ribe how the un
ertainties in the astrometry,traje
tory and orbit are estimated. `Un
ertainties were propa-gated from the astrometryto the orbit using Monte-Carlo (1000 iterations).' stringmass 0..1 Des
ribe how the mass was 
omputed, and spe
ifyif the mass is photometri
 or dynami
al. Providereferen
es if possible. `Photometri
 mass. ReV-elle & Ceple
ha (2002),ESA SP-500' string
omments 0..1 Free text �eld to provide additional do
umenta-tion and 
omments. `If this was a real example,there should be mu
hmoretext!' string�le 0..N Atta
h one or more �les, for example pipeline do
-umentation or referen
e papers. See Table 13. <�le>
Table 10 � <orbit_set> element: groups a set of orbits/traje
tories.Name # Des
ription Example(s) Typeset_
ode 1 Code for this 
olle
tion of orbits. Use`ORB-OBSERVERCODE-NAME' in upper
ase 
hara
-ters, where OBSERVERCODE is the unique observer
ode of the author/
onta
t person, and NAME isan arbitrary name of the set (using alphanumeri

hara
ters without spa
es). For example, Per-seid 2009 orbits 
omputed by Rainer Arlt 
ouldbe 
alled `ORB-ARLRA-PER2009'.

`ORB-ARLRA-PER2009' string

onta
t_
ode 1 The author or 
onta
t for this set of orbits, iden-ti�ed by the unique observer 
ode refering to the

<observer>. . .</observer> element. `ARLRA' stringversion 0..1 Time of last update (used as version identi�er). 2009-06-12T18:00:00 datetime
omments 0..1 Free text �eld to provide 
omments. stringorbit 1..N One or more helio
entri
 meteoroid orbits. SeeTable 11. <orbit>�le 0..N Atta
h one or more �les, for example a do
umen-tation for this spe
i�
 set of orbits. See Table 13. <�le>
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tory/orbit 
omputed from two or more 
amera stations (or one radarstation). The orbital elements must be given in the helio
entri
 referen
e frame J2000.Name # Des
ription Example(s) Unit Typepipeline_
ode 0..1 Code of the orbit 
omputation pipeline used. A 
orrespond-ing <orbit_pipeline> element should be present in the �le,des
ribing in detail how the orbit was 
omputed. `UFO2.21' stringorbit_type 1 Type of observations used to determine the orbit. Should beeither 'VISUAL', 'STILL', 'VIDEO', 'RADAR' or 'HYBRID'.If 'STILL' and 'VIDEO' data is 
ombined, use 'VIDEO'. Forany other 
ombination, use 'HYBRID' and explain in 
om-ments. `VIDEO' stringtime 1 Referen
e time for the meteor; when the meteoroid was at 100km height. Use the ISO 8601 format in UTC. 1993-04-21T23:20:24 datetimet0 0..1 Epo
h (se
onds sin
e J2000.0) for whi
h the orbital elementsare given. The epo
h is not ne
essarily the same as the meteorreferen
e time, be
ause the orbital elements may be given foran earlier point in time. −211248000.3 s de
imalq 0..1 Perihelion distan
e (small q). 0.9381 AU de
imala 0..1 Semimajor axis. 6.36 AU de
imale 0..1 E

entri
ity. 0.8537 de
imali 0..1 In
lination. 80.3717 deg de
imalomega 0..1 Argument of periapsis. 211.3147 deg de
imalas
_node 0..1 As
ending node (J2000.0). 31.9439467 deg de
imalm0 0..1 Mean anomaly at epo
h t0. 69.4212 deg de
imalshower_
ode 0..1 Code of the meteoroid stream that �ts the orbital elements (ifany). `LYR' stringiau_no 0..1 IAU number of the meteoroid stream that �ts the orbital ele-ments (if any). `0006' stringmag_abs 0..1 Absolute maximum brightness in the visual spe
tral range ex-pressed as a magnitude. This is the brightness that would bere
orded if the meteor was at a height of 100 km in the zenithof a visual observer. −3.27 mag de
imalmass 0..1 Meteoroid mass in grams. 1734 g de
imalvel_obs 0..1 Observed velo
ity without any 
orre
tion for atmospheri
 de-
eleration, diurnal abberation or zenith attra
tion. 47.60 km/s de
imalvel_inf 0..1 Velo
ity just before atmospheri
 entry (= vel_obs 
orre
tedfor atmospheri
 de
eleration and diurnal aberration). 47.70 km/s de
imalvel_geo 0..1 Geo
entri
 velo
ity (= vel_inf 
orre
ted for zenith attra
tion). 46.15 km/s de
imalvel_helio 0..1 Helio
entri
 velo
ity (= vel_geo 
onverted to the helio
entri
referen
e frame). 40.32 km/s de
imalheight_begin 0..1 Height at meteor begin point (leave empty if the begin pointwas not observed). 103.44 km de
imalheight_max 0..1 Height at the point of brightest absolute magnitude. 79.23 km de
imalheight_end 0..1 Height at meteor end point (leave empty if the end point wasnot observed). 77.02 km de
imalrad_obs_ra 0..1 Right As
ension (J2000.0) of the observed radiant. This is theradiant without any 
orre
tion for atmospheri
 de
eleration,diurnal abberation or zenith attra
tion. 274.1984 deg de
imalrad_obs_de
 0..1 De
lination (J2000.0) of the above. 33.5586 deg de
imalrad_geo_ra 0..1 Right As
ension (J2000.0) of the geo
entri
 radiant. This isthe radiant 
orre
ted for atmospheri
 de
eleration, diurnal ab-beration and zenith attra
tion. 274.7741 deg de
imalrad_geo_de
 0..1 De
lination (J2000.0) of the above. 33.2541 deg de
imalz_avg 0..1 Average zenith distan
e of the observed radiant from the dif-ferent stations. 51.41 deg de
imalmeteors 0..1 Total number of single-station meteor observations used to
ompute the orbit. 2,3... integermeteor_
ode 0..N Codes of the meteors used to determine the orbit. The 
orre-sponding <meteor> elements (
f. Table 7) should preferablybe given in the same �le or be available in a 
entral ar
hive. string
omplete 0..1 Could the meteor traje
tory be re
onstru
ted 
ompletely fromthe available data? `11' = yes; `01' = begin is missing; `10' =end is missing; `00' = begin and end are missing. `11' string
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ontinued).Name # Des
ription Example Unit Type
onv_best 0..1 Best (
losest to 90◦) 
onvergen
e angle. This is the anglebetween the apparent great 
ir
les of meteor motion as seenfrom any two observing stations; indi
ating the quality of theobserving geometry. Leave empty for radar orbits. 64.5 deg de
imalstate 0..1 7-element state ve
tor (t, x, y, z, vx, vy , vz) of the meteoroidwhile produ
ing the meteor; t is the ISO 8601 timestamp inUTC, x, y, z are the re
tangular Geo
entri
 
oordinates in theEarth-�xed referen
e frame (the X-axis points towards 0 de-grees longitude/latitude, the Z-axis points North along theaxis of rotation of the Earth, and the Y-axis is the 
ross prod-u
t of X and Z), and vx, vy , vz are the velo
ities in the samereferen
e frame. The state ve
tor should be 
orre
ted for at-mospheri
 de
eleration and diurnal aberration, but not forzenith attra
tion. This ve
tor allows for the easy re
omputa-tion of orbital elements using di�erent algorithms and refer-en
e epo
hs. It is strongly advised to provide this �eld.
1993-04-21T23:20:24,5268456.3,2799969.6,2516762.2,31826.2,
−24824.2,41340.3

time,m,m,m,m/s,m/s,m/s
ve
tor

e_state 0..1 Un
ertainty varian
es and 
ovarian
es of the state ve
tor. Usethe following format: (σ2

t , σ2
x, σ2

y, σ2
z , σ2

vx
, σ2

vy
, σ2

vz
, cov(x, y),

cov(x, z), cov(y, z), cov(vx, vy), cov(vx, vz), cov(vy , vz)) 0.001,1328.3,1447.5,1396.7,12.5,69.1,32.4,0.145,0.574,0.134,0.136,0.245,0.244
s2,m2,m2,m2,m2/s2,m2/s2,m2/s2,m2,m2,m2,m2/s2,m2/s2,m2/s2

ve
tor
e_time 0..1 Un
ertainty (σ) of time. 1.3 s de
imale_t0 0..1 Un
ertainty (σ) of t0. 1.3 s de
imale_q 0..1 Un
ertainty (σ) of q. 0.0052 AU de
imale_a_inv 0..1 Un
ertainty (σ) of 1/a. The error of the inverse of the semi-major axis is asked be
ause this quantity follows a normaldistribution. The error distribution of the semi-major axisitself is heavily skewed. 1.89 AU de
imale_e 0..1 Un
ertainty (σ) of e. 0.040 AU de
imale_i 0..1 Un
ertainty (σ) of i. 0.64 deg de
imale_omega 0..1 Un
ertainty (σ) of omega. 1.42 deg de
imale_as
_node 0..1 Un
ertainty (σ) of as
_node. 0.000012 deg de
imale_m0 0..1 Un
ertainty (σ) of m0. 0.023 deg de
imale_mag_abs 0..1 Un
ertainty (σ) of mag_abs. 0.54 mag de
imale_mass 0..1 Un
ertainty (σ) of mass. 102 g de
imale_vel_obs 0..1 Un
ertainty (σ) of vel_obs. 0.58 km/s de
imale_vel_inf 0..1 Un
ertainty (σ) of vel_inf. 0.58 km/s de
imale_vel_geo 0..1 Un
ertainty (σ) of vel_geo. 0.47 km/s de
imale_vel_helio 0..1 Un
ertainty (σ) of vel_helio. 0.42 km/s de
imale_height_begin 0..1 Un
ertainty (σ) of height_begin. 2.33 km de
imale_height_max 0..1 Un
ertainty (σ) of height_max. 1.87 km de
imale_height_end 0..1 Un
ertainty (σ) of height_end. 1.56 km de
imale_rad_obs_ra 0..1 Un
ertainty (σ) of rad_obs_ra. 0.075 deg de
imale_rad_obs_de
 0..1 Un
ertainty (σ) of rad_obs_de
. 0.050 deg de
imal
ov_rad_obs 0..1 Covarian
e of rad_obs_ra and rad_obs_de
. 0.00023 deg2 de
imale_rad_geo_ra 0..1 Un
ertainty (σ) of rad_geo_ra. 0.075 deg de
imale_rad_geo_de
 0..1 Un
ertainty (σ) of rad_geo_de
. 0.050 deg de
imal
ov_rad_geo 0..1 Covarian
e of rad_geo_ra and rad_geo_de
. 0.00041 deg2 de
imal
omments 0..1 Free text �eld for 
omments. stringtraje
t_pos 0..N Optional instantaneous position along the traje
tory of themeteoroid as spe
i�ed in Table 12 <traje
t_pos>�le 0..N Atta
h one or more �les, for example an orbit graph. SeeTable 13. <�le>
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Table 12 � <traje
t_pos> element: des
ribes a point on the traje
tory of the meteor. This element may be usedmultiple times inside <orbit> to des
ribe the atmospheri
 traje
tory of a meteoroid in geographi
 
oordinates.Name # Des
ription Example(s) Unit Typepos_no 1 Number of the point, 
ounted relative to ea
htraje
tory starting at 1. 1, 2, 3, 4, 5... integertime 0..1 Time when the meteoroid was at the given posi-tion. Use the ISO 8601 format in Universal Time(UTC). 2007-08-12T00:12:35.24 datetimelon 0..1 Geographi
 longitude in de
imal degrees. Thelongitude should be a signed value between −180and +180. A negative value means `WEST', apositive value means `EAST'. The WGS84 
oor-dinate system should be used, whi
h is also thebasis for the GPS system. 13.148752 deg de
imal
lat 0..1 Geographi
 latitude in de
imal degrees. The lat-itude should be a signed value between −90 and

+90. A negative value means `SOUTH', a pos-itive value means `NORTH'. The WGS84 
oor-dinate system should be used. 52.516435 deg de
imalheight 0..1 Geographi
 height above zero in kilometer, rela-tive to WGS84. 87.1549 km de
imalmag_abs 0..1 Absolute brightness in the visual spe
tral rangeexpressed as a magnitude. This is the brightnessthat would be re
orded if the meteor was in avisual observer's zenith at a height of 100 km. −2.4 mag de
imalvel 0..1 Velo
ity between this and the following
<traje
t_pos>. 46.53 km/s de
imale_time 0..1 Un
ertainty (σ) of time. 0.14 s de
imale_lon 0..1 Un
ertainty (σ) of lon. 0.00045 deg de
imale_lat 0..1 Un
ertainty (σ) of lat. 0.00071 deg de
imale_height 0..1 Un
ertainty (σ) of height. 0.0041 km de
imal
ov_lon_lat 0..1 Covarian
e of lon and lat. 0.00056 deg2 de
imal
ov_lon_height 0..1 Covarian
e of lon and height. 0.00024 deg·km de
imal
ov_lat_height 0..1 Covarian
e of lat and height. 0.00083 deg·km de
imale_mag_abs 0..1 Un
ertainty (σ) of mag_abs. 0.42 mag de
imale_vel 0..1 Un
ertainty (σ) of vel. 1.3 km/s de
imal

Table 13 � <�le> element: allows �les in 
ustom formats to be atta
hed.Name # Des
ription Example(s) Typepath 1 Lo
ation of the �le relative to the lo
ation of theXML do
ument. Can also be a remote URL. `videos/vid287.avi' string
omments 0..1 A 
omment �eld allowing free text. string


