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1 General remarks
1.1 Purpose and Scope
This document defines the relational database model that is used to implement the Virtual Meteor Observatory (VMO). The model is based on the database requirements document put forward by the Meteor Orbit Determination Working Group (MODWG), discussions with Sirko Molau (IMO) and experiences gained from the earlier Unified Meteor DataBase (UMDB) project.

The database model described in this document is mapped to an XML-based file format to transport data between the relational database and other applications. This format is called the "Meteor Modeling Language" (MML), but it is not defined here.
1.2 Reference Documents

MODWG
"The Virtual Meteor Observatory (VMO) - A First Definition", Koschny, D., Mc Auliffe, J., Barentsen, G. Proceedings of the First EuroPlanet Workshop on Meteor Orbit Determination, 2008.
1.3 Abbreviations and acronyms

VMO

Virtual Meteor Observatory

IMO

International Meteor Organization

UTC

Coordinated Universal Time

2 Guide to understanding this document
2.1 Concept of a relational database model: tables and keys
A relational database model consists of tables (rows) that are linked together using certain keys (columns). For example, the tables 'observer' and 'observation' are linked together using the 'observer_code' column (key) in both tables. The tables and keys are chosen in such a way that there are no redundancies (data should not be stored in more than one table) and that dependencies make sense (only logically dependent data should be stored in the same table). This ensures a logical organization of the data which helps to avoid inconsistencies.
The integrity of the database is ensured by specifying constraints. For example, it shall not be possible to delete a row from a table that is still linked to another table (e.g. it shall not be allowed to delete an observer when his code still appears in an observation). These constraints are automatically enforced by a Relational Database Management System (RDBMS), which is a software application used to implement a relational database model in an efficient way. Examples of RDBMS-applications are Oracle, MS Access, MySQL and PostgreSQL. All of them use the standardized Structured Query Language (SQL) as their interface language. In this project we will use PostgreSQL, which is a stable and reliable open-source RDBMS.
In what follows, we will define the VMO database model by listing the different tables, keys and constraints. We logically group the tables into a number of 'schemas' that will entail different meteor datasets. For example, we define different schemas for video and visual observations. In the remainder of this first chapter, we give an overview of the schemas and the conventions and constraints that are used to define them.
2.2 Modular organization of the database into schemas
To introduce some degree of modularity in the database system, we group the different tables of the VMO database model into a number of 'schemas' that are defined separately. We distinguish 3 different kinds of schemas:
· Shared schemas (blue): used to store generic metadata (e.g. shower catalogues).

· Observational schemas (green): used to store observational data (e.g. video observations).

· Study schemas (pink): tables used to hold computed data from study or modeling projects (e.g. orbits). 

The different schemas are given in the figure below:

[image: image1]
In future extensions, we may add additional schemas such as spectrum (meteor spectra), fireball (fireball reports), telescope (telescope observations), radio (radio observations) ...
Note that there is no separation between the schemas; they reside together in the same database. However, the option is left open to distribute schemas across different database systems if deemed useful in the future.

2.3 Data and naming conventions

The following conventions shall be adopted in the VMO database model:
· Field and table names shall consist exclusively of lowercase characters. Words are separated using the underscore character "_". (This convention is chosen because PostgreSQL is case-insensitive.)
· The database shall adopt the field names and data units that are commonly used in the meteor science community (e.g. meteor duration in seconds, effective observing time in hours). If there is no commonly used unit for a field, we shall use the standard ISO unit.
· The database shall use decimal degrees to store equatorial coordinates (right ascension and declination), horizontal coordinates (altitude and azimuth) and geographical coordinates (longitude and latitude). For altitude, 0 means 'horizon' and 90 means 'zenith'. For azimuth, 0 means 'north' and 180 means 'south'. For longitude, a positive value means 'east' and a negative values means 'west'. For latitude, a positive value means 'north' and a negative value means 'south'.
· If no epoch is specified, J2000.0 shall be used for equatorial coordinates.

· Field names of unique identification codes shall end with the suffix "_code" (e.g. "observer_code", "shower_code", "meteor_code"). These fields shall only contain uppercase alphanumeric characters (0-9, A-Z), underscores ("_") and hyphens ("-").
· The name of boolean fields (true/false values) shall end with the suffix "_flag".

· All times shall be stored in Coordinated Universal Time (UTC). This is the international standard on which civil time is based, with leap seconds added at irregular intervals to compensate for the Earth's slowing rotation. UTC approximates the solar time on the meridian of Greenwich to within 0.9 seconds.
· All real numbers shall be stored in arbitrary precision using the "numeric" data type offered by PostgreSQL. This means that real numbers are stored literally, i.e., using the exact same number of digits as was used to input the number into the database. For example, "0.12" is stored in a different way than "0.120" (3 digits versus 4 digits). This "numeric" data type allows numbers with 1 up to 1000 digits. (For more information, see
 http://www.postgresql.org/docs/current/interactive/datatype.html#DATATYPE-NUMERIC-DECIMAL).
· An exception to the previous rule can be made for fields with very large or very small numbers, which would require a lot of space to be stored literally. In this case, the "double precision" floating point data type may be used. (Note: a floating point data type represents numbers in an inexact way and should be used with care.)
· When the uncertainty of a number needs to be known, an extra field shall be added with the name "d_[fieldname]". The d stands for "delta".
· As a general rule, the number of digits used to input a number in the database should be at least 1 or 2 larger than required by the magnitude of the uncertainty. For example, a number with uncertainty "0.01" should be given with at least 3 or 4 digits behind the decimal sign (not just 2). This is necessary to avoid the propagation of rounding errors in calculations. The traditional rule of "significant digits" should be ignored.
· All text characters shall be encoded in the Unicode UTF-8 character set. This means that non-ASCII characters are allowed, although their use should be avoided where possible to allow for compatibility with older software.
2.4 Integrity constraints

In the database model definition, we will put constraints on fields to protect the integrity of the database. Commonly used constraints are explained below.

· UNIQUE
The value of the field shall not occur more than once in the table. 

· NOT NULL
The field shall be mandatory.

· PRIMARY KEY
The field is the table identification key. It shall therefore be UNIQUE and NOT NULL.
· REFERENCES table_name(table_key)
The field refers to a value that exists in "table_name.table_key". It shall not be allowed to change or delete the referred entry.   
· REFERENCES table_name(table_key) ON DELETE CASCADE
If the referred entry is deleted, the local entry shall also be deleted.
· REFERENCES table_name(table_key) ON UPDATE CASCADE
If the referred entry is updated, the local shall also be updated.
3 Shared schema

The shared schema defines tables that are frequently used across different datasets. It defines generic data entries, generic meteors, generic observers, generic locations, generic file pointers, ...

3.1 Relationship diagram
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3.2 Table definitions

3.2.1 SECTION
Defines the different VMO sections (similar to what we called schemas earlier).

	name
	description
	example
	type
	constraints

	section_code
	Unique identifier for the section.
	'CAM'
	text
	PRIMARY KEY

	name
	Name of the section.
	'Camera'
	text
	

	description
	Section description.
	'Camera observations'
	text
	


3.2.2 ENTRY

Defines an abstract data entry. This is used to allow different datasets to be linked together and to be given unique codes.
	name
	description
	example
	type
	constraints

	entry_code
	Unique data entry identification code for the VMO. Consists of the section code (e.g. CAM), the starting date (e.g. 20080115) and a free string depending on the section.
	'CAM-20080115-ICC4-2'
	text
	PRIMARY KEY

	prefix
	Prefix of the entry_code. The entry_code will be formed from this prefix and an optional sequence number.
	'CAM-20080115-ICC4'
	text
	NOT NULL

	prefix_no
	Sequence number of the prefix to make the entry_code unique.
	2
	smallint
	NOT NULL

	section_code
	Section where the data entry belongs to.
	'CAM'
	text
	REFERENCES section(section_code) 
ON UPDATE CASCADE

	start
	Start time of the interval where the data applies to. In Universal Time (UTC).
	'2008-01-15T12:00:00'
	timestamp
	

	stop
	Stop time of the interval where the data applies to. In Universal Time (UTC).
	'2008-01-15T14:00:00'
	timestamp
	

	reporter_code
	Code of the person that reported this dataset entry to the VMO.
	'KOSDE'
	text
	REFERENCES observer(observer_code) 
ON UPDATE CASCADE

	source_code
	Reference to the source of this data. (E.g. the archive where it was stored such as the MetRec database.)
	'IMO_METRECDB'
	text
	REFERENCES entry_source(source_code) 
ON UPDATE CASCADE

	status_code
	Status of the observation. Can be one of 'UNCHECKED' (not yet reviewed), 'HOLD' (under review and awaiting changes) or 'OK' (reviewed).
	'OK'
	text
	REFERENCES entry_status(status_code)
ON UPDATE CASCADE

	time_created
	Time the entry was created in the database in Universal Time.
	
	timestamp
	

	time_updated
	Time of last update in Universal Time.
	
	timestamp
	

	directory
	Directory in the VMO file repository where additional files of this dataset entry are stored.
	'/CAM/2008/20080115/S001_ICC2'
	text
	REFERENCES directory(directory)
ON UPDATE CASCADE


3.2.3 OBSERVER
Defines a generic observer. This can be a person or a group of persons.

	name
	description
	example
	type
	constraints

	observer_code
	Unique alphanumeric identification code for the observer.
	'KOSDE'
	text
	PRIMARY KEY

	group_flag
	TRUE if this entry represents a group of persons, FALSE if it represents just one person.
	'FALSE'
	boolean
	

	first_name
	Given names and optionally also the middle name. All characters from the extended latin alphabet may be used. For other alphabets, use the English transcription of the given names (no nicknames).
	'Detlef'
	text
	

	last_name
	Last names. All characters from the extended latin alphabet may be used. For other alphabets, use the English transcription.
	'Koschny'
	text
	

	tex_first_name
	Given names in the TeX format.
	'J\"urgen'
	text
	

	tex_last_name
	Last names in the TeX format.
	
	text
	

	address1
	Address line 1.
	
	text
	

	address2
	Address line 2.
	
	text
	

	address3
	Address line 3.
	
	text
	

	postal_code
	Postal code.
	
	text
	

	city
	City of residence.
	'Noordwijjkerhout'
	text
	

	country_code
	Country code of residence.
	'NL'
	text
	REFERENCES country(country_code)
ON UPDATE CASCADE

	birthdate
	Date of birth. Use the ISO-format YYYY-MM-DD.
	
	date
	

	email
	E-mail.
	
	text
	

	url
	Personal or institute web site.
	
	text
	

	affiliation
	Institute, club or association.
	'ESA'
	text
	

	comments
	A comment field allowing free text.
	
	text
	

	time_created
	Time the observer was created in the database.
	
	timestamp
	

	time_updated
	Time of last change.
	
	timestamp
	

	directory
	Directory in the VMO file repository where additional files for the observer are stored (e.g. a picture or a CV).
	'/OBSERVER/KOSDE/'
	text
	REFERENCES directory(directory)
ON UPDATE CASCADE


3.2.4 LOCATION
Defines a location.
	name
	description
	example
	type
	constraints

	location_code
	Unique alphanumeric identification code for the location. The convention is to use the 2-letter country code and append the first 4 letters from the name of the location (without spaces). In case of conflicts, the last letter of the code is replaced by the last letter of the location name. If a conflict remains, replace the last letter of the code by a number starting from 2.
	'NLNOOR'
	text
	PRIMARY KEY

	legacy_code
	Codes that were previously used to identify this location (e.g. by the VMDB).
	'11023'
	
	

	name
	Name of the location. Give the name of the community, optionally followed by a more specific name of the site.
	'Noordwijkerhout, Koschny Observatory'
	text
	

	tex_name
	Location name in TeX format.
	
	text
	

	country_code
	Country of the location.
	'NL'
	text
	REFERENCES country(country_code)
ON UPDATE CASCADE

	longitude
	Longitude of the location in decimal degrees. The longitude should be a signed value between -180 and +180. A negative value means 'WEST', a positive value means 'EAST'. The WGS84 coordinate system should be used.
	5.658724
	numeric
	

	latitude
	Latitude of the location in decimal degrees. The latitude should be a signed value between -90 and +90. A negative value means 'SOUTH', a positive value means 'NORTH'. The WGS84 coordinate system should be used.
	51.45786
	numeric
	

	height
	Height of the location above mean sea level, in meter.
	24
	numeric
	

	accuracy
	Estimation of the accuracy of the given coordinate in meter. (Interpret as the radius of a circle of confidence.)
	20
	numeric
	

	observer_code
	Location owner; the person that registered the location.
	
	text
	REFERENCES observer(observer_code) 
ON UPDATE CASCADE

	comments
	A comment field allowing free text.
	
	text
	

	time_created
	Time the entry was created in the database.
	
	timestamp
	

	time_updated
	Time of last change.
	
	timestamp
	

	directory
	Directory in the VMO file repository where additional files for the location are stored (e.g. a picture or a map).
	'/LOCATION/NLNOOR/'
	text
	REFERENCES directory(directory)
ON UPDATE CASCADE


4 Shower schema
The shower schema holds data meteor showers and radiant catalogs. These tables are frequently referred from other schemas to link meteors to showers.

4.1 Relationship diagram

4.2 Table definitions

4.2.1 SHOWER

Defines a meteor shower.

	name
	description
	example
	type
	constraints

	shower_code
	Unique shower identification code, using the IAU/IMO codes.
	'PER'
	text
	PRIMARY KEY

	iau_number
	IAU number for this shower.
	'56'
	smallint
	UNIQUE

	name
	Official English name of the shower, specified by IAU C22.
	'Perseids'
	text
	

	tex_name
	Name of the shower in TeX format.
	
	text
	

	unofficial_codes
	Comma-separated list of codes the shower was previously known as.
	
	text
	

	unofficial_names
	Comma-separated list of names the shower was previously known as.
	
	text
	

	comments
	Free text field for comments.
	
	text
	


4.2.2 SHOWER_CATALOG
Properties of a meteor shower catalog (e.g. IMO working list, IAU list...)

	name
	description
	example
	type
	constraints

	catalog_code
	Unique identification code of the catalog.
	'IMO2006'
	text
	PRIMARY KEY

	description
	Description of the catalog.
	
	text
	

	imo_start
	If the catalog is an IMO working list, give the date when the list went into effect.
	'2006-01-01'
	date
	

	imo_stop
	If the catalog is an IMO working list, give the date when the list expired. NULL if the catalog is still active today.
	'2007-12-31'
	date
	

	directory
	Link to attached files, e.g. the original catalog files.
	
	text
	REFERENCES directory(directory)


4.2.3 SHOWER_INFO
Detailed info on a shower, based on a given catalog. The radiant drift parameters given in this table are not suitable to create accurate radiant ephemeris, but they are kept to be able to archive this information from older catalogs.
	name
	description
	example
	type
	constraints

	catalog_code
	Code of the catalog.
	'IMO2006'
	text
	PRIMARY KEY

REFERENCES shower_catalog(catalog_code)
ON UPDATE CASCADE 
ON DELETE CASCADE

	shower_code
	Code of the shower.
	'PER'
	text
	PRIMARY KEY

REFERENCES shower(shower_code)
ON UPDATE CASCADE

	activity
	Either 'annual'  or year of activity.
	'annual'
	text
	PRIMARY KEY

	legacy_code
	Original code for this shower in this catalog, if different from IAU convention.
	
	text
	

	legacy_name
	Original name for this shower in this catalog, if different from IAU convention.
	
	text
	

	date_begin
	Begin date of the shower activity period, stored for the year 2000.
	'2000-07-20'
	date
	

	date_end
	End date of the shower activity period, stored for the year 2000. Note that an activity period may cross January 1st.
	'2000-08-25'
	date
	

	date_max
	Date of maximum activity, stored for the year 2000.
	'2000-08-12'
	date
	

	sollon_max
	Solar longitude of the maximum activity, expressed in decimal degrees
	217.654
	numeric
	

	ra_max
	Right ascension of the radiant at the maximum, in decimal degrees.
	
	numeric
	

	dec_max
	Declination of the radiant at the maximum, in decimal degrees.
	
	numeric
	

	ra_drift
	Radiant drift in right ascension. Expressed in degrees per solar longitude degree at the maximum date.
	
	numeric
	

	dec_drift
	Radiant drift in declination. Expressed in degrees per solar longitude degree at the maximum date.
	
	numeric
	

	zhr_max
	Maximum ZHR.
	90
	numeric
	

	var_flag
	True if the maximum ZHR is variable.
	true, false
	boolean
	

	v_g
	Geocentric speed (km/s) before acceleration by Earth's gravity. At the maximum date.
	52.4
	numeric
	

	v_inf
	Atmospheric speed (km/s) at the top of the atmosphere. At the maximum date.
	
	numeric
	

	mdi
	Magnitude distribution (population) index N(m+1)/N(m) at the maximum date.
	2.2
	numeric
	

	dfp
	Distribution Function parameter (sigma for Gauss, expontential slope for Exp, FWHM for Lorentz).
	
	numeric
	

	dt
	Parameter to indicate:

0 - Exponential,

1 - Exponential, only rising part of curve,

2 - Exponential, only descending part of curve,

3 - Lorentzian,

4 - Gaussian.
	
	numeric
	

	comments
	Free text field for comments.
	
	text
	


4.2.4 SHOWER_RADIANT
Radiant ephemeris for a shower for a given catalog. The ephemeris is stored with (solar longitude, right ascension, declination) values
	name
	description
	example
	type
	constraints

	catalog_code
	Identification code of the catalog.
	'IMO2006'
	text
	PRIMARY KEY

REFERENCES shower_catalog(catalog_code)
ON UPDATE CASCADE ON DELETE CASCADE

	shower_code
	Identification code of the shower.
	'PERr'
	text
	PRIMARY KEY

REFERENCES shower(shower_code)
ON UPDATE CASCADE

	sollon
	Solar longitude for which the radiant coordinates are valid. Refers to equinox J2000.0.
	
	numeric
	PRIMARY KEY

	radiant_ra
	Right ascension of the radiant in decimal degrees. Refers to equinox J2000.0.
	
	numeric
	NOT NULL

	radiant_dec
	Declination of the radiant in decimal degrees. Refers to equinox J2000.0.
	
	numeric
	NOT NULL


5 Camera System schema
The Camera System schema defines the properties of a video or still camera, with or without grating/prism.
5.1 Relationship diagram
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5.2 Table definitions

5.2.1 CAMSYS_SYSTEM

Defines the configuration of a camera system by listing the different parts (lens, detector, intensifier...) and their configurable parameters. If the configuration changes (e.g. a different lens is used) then a new system code should be registered in principle.
	name
	description
	example
	type
	constraints

	system_code
	Unique alphanumeric identification code for the system. Should only be a few characters long, in uppercase.
	'ICC3'
	text
	PRIMARY KEY

	name
	Long name of the system.
	'ESA/RSSD Intensifier-coupled CCD Camera 3'
	text
	

	system_type
	Type of the system. Should be one of 'Video' (short exposures), 'Still' (long exposures) or 'Hybrid' (medium exposures).
	'Video'
	text
	

	operator_code
	Main operator of the system, identified by his observer code.
	'KOSDE'
	text
	REFERENCES observer(observer_code)
ON UPDATE CASCADE

	location_code
	Typical location of the system, identified by a location code. The location may change for particular observations.
	'10050'
	text
	REFERENCES location(location_code)
ON UPDATE CASCADE

	active_start
	Date from which the system was active. Use the ISO-format YYYY-MM-DD.
	'2006-01-01'
	date
	

	active_stop
	Date until which the system was active. Use the ISO-format YYYY-MM-DD. Leave empty if the camera is still active.
	'2008-01-01'
	date
	

	prism_code
	Prism or grating used. Leave empty if the system is not a spectrograph. 
	
	text
	REFERENCES camsys_prism(prism_code) ON UPDATE CASCADE

	lens_code
	Standard lens used.
	'FUJINON_12'
	text
	REFERENCES camsys_lens(lens_code)
ON UPDATE CASCADE

	intensifier_code
	Light intensifier used, if any.
	'DEP_42'
	text
	REFERENCES camsys_intensifier(intensifier_code)
ON UPDATE CASCADE

	camera_code
	Camera body or chip used.
	'MINTRON_12v1'
	text
	REFERENCES camsys_camera(camera_code)
ON UPDATE CASCADE

	digitizer_code
	Device used to digitize the exposures (e.g., a frame grabber card).
	'MATROX_METEOR2'
	text
	REFERENCES camsys_digitizer(digitizer_code)
ON UPDATE CASCADE

	software_code
	Code of the software or software pipeline typically used to process the data.
	'METREC_V3.6'
	text
	REFERENCES camsys_software(software_code)
ON UPDATE CASCADE

	effective_x
	Effective number of pixels in the x (horizontal) direction, taking into account all components of the system.
	320
	integer
	

	effective_y
	Effective number of pixels in the y (vertical) direction, taking into account all components of the system.
	240
	integer
	

	effective_bitdepth
	Effective dynamic range of the system expressed in bits, taking into account all components of the system.
	8
	smallint
	

	color_flag
	Does the system record colors?
	true, false
	boolean
	

	exposure_time
	The typical length of the exposure, expressed as a real number in seconds.
	0.02, 0.1, 36000.0
	numeric
	

	sampling_interval
	The typical interval in which exposures are taken and digitized, expressed as a real number in seconds.
	0.02
	numeric
	

	shutter_flag
	Does the system have a rotating shutter to make breaks in the recorded meteor trail?
	true, false
	boolean
	

	shutter_frequency
	Frequency of the shutter, expressed in breaks per second (real number). If the shutter blades do not have an equal width, please specify this in the shutter description (next field).
	8.6
	numeric
	

	shutter_description
	Detailed description of the shutter.
	
	text
	

	fov_vertical
	Vertical size of the field of view  with the standard lens, giving an indication of the image scale. Expressed as a real number in degrees.
	40
	numeric
	

	fov_azimuth
	Typical azimuth of the center of the field of view, expressed as a real number in degrees measured from the north in clockwise direction.
	20
	numeric
	

	fov_altitude
	Typical altitude of the center of the field of view, expressed as a real number in degrees measured from the horizon.
	60
	numeric
	

	lm_typical
	Typical limiting magnitude for stars, expressed as a real number.
	6.5
	numeric
	

	error_typical
	Typical astrometric error, expressed as a real number in arcseconds. This value mainly depends on the lens and the detector.
	5
	numeric
	

	comments
	Free text field for comments.
	'Camera was broken after pointing it to the full moon'
	text
	

	time_created
	Time the entry was created in the database.
	
	timestamp
	

	time_updated
	Time of last update.
	
	timestamp
	


5.2.2 CAMSYS_PRISM

Defines an optical prism or grating used for spectrographs. This table is referred to by the camsys_system table through the prism_code field.

	name
	description
	example
	type
	constraints

	prism_code
	Unique alphanumeric identification code for the prism or grating.
	'GRATCO3'
	text
	PRIMARY KEY

	type_name
	One of 'Prism' or 'Grating'.
	'Grating'
	text
	

	brand
	Manufacturer of the prism or grating.
	'Gratco'
	text
	

	model
	Model name of the prism or grating.
	'3'
	text
	

	comments
	Free text field for comments.
	
	text
	


5.2.3 CAMSYS_LENS

Defines an optical lens. This table is referred to by the camsys_system table through the lens_code field.
	name
	description
	example
	type
	constraints

	lens_code
	Unique alphanumeric identification code for the lens.
	'COMPUTAR_12_8'
	text
	PRIMARY KEY

	brand
	Manufacturer of the lens.
	'Computar'
	text
	

	model
	Model name of the lens.
	'12mm AX2'
	text
	

	aperture
	Aperture of the lens in mm (real number).
	8
	numeric
	

	focal_length
	Focal length of the lens in mm (real number).
	12
	numeric
	

	lens_type
	Specify the type of the mount and the size of the image plane.
	'C 1/2 inch', 'C 1/3 inch''
	text
	

	comments
	Free text field for comments.
	
	text
	


5.2.4 CAMSYS_INTENSIFIER

Defines a light intensifier. This table is referred to by the camsys_system table through the intensifier_code field.

	name
	description
	example
	type
	constraints

	intensifier_code
	Unique alphanumeric identification code for the intensifier.
	'DEP_40'
	text
	PRIMARY KEY

	brand
	Manufacturer of the intensifier.
	'DEP'
	text
	

	model
	Model name of the intensifier.
	'XX 4000'
	text
	

	generation
	Generation of the intensifier, should be one of '1', '2' or '3'.
	1,2,3
	text
	

	photocathode
	Material of the photo cathode.
	'P40'
	text
	

	resolution
	Resolution of the intensifier in lines per mm (real number).
	200
	numeric
	

	dynamic_range
	Dynamic range of the intensifier in decibel (real number).
	60
	numeric
	

	input_diameter
	Diameter of the input sensor in mm.
	30
	numeric
	

	output_diameter
	Diameter of the output screen in mm.
	40
	numeric
	

	comments
	Free text field for comments.
	
	text
	


5.2.5 CAMSYS_CAMERA

Defines the camera body or chip that records the photons. This could be both a classic analog camera body (in which case most of the fields may be left empty) as well as a digital camera with a light-sensitive chip. This table is referred to by the camsys_system table through the camera_code field.

	name
	description
	example
	type
	constraints

	camera_code
	Unique alphanumeric identification code for the camera.
	'MINTRON_12V1'
	text
	PRIMARY KEY

	brand
	Manufacturer of the camera.
	'Mintron', 'Watec', 'Canon'
	text
	

	model
	Model name of the camera.
	'12V1', '902' '400EOS'
	text
	

	chip
	Chip used to capture the photons. Leave empty if the camera is analog.
	'Sony ExView'
	text
	

	pixels_x
	Number of pixels in the x (horizontal) direction.
	768 (for PAL)
	integer
	

	pixels_y
	Number of pixels in the y (vertical) direction.
	576 (for PAL)
	integer
	

	pixelsize_x
	Size of pixels in the x (horizontal) direction. In micrometers (real number).
	9, 13.5
	numeric
	

	pixelsize_y
	Size of pixels in the y (vertical) direction. In micrometers (real number).
	9, 13.5
	numeric
	

	interlaced_flag
	Does the camera use the interlaced video format? Always false for a still camera. Leave empty if configurable in the camera.
	true, false
	boolean
	

	bitdepth
	The dynamic range of the chip expressed in bits.
	8, 16
	integer
	

	sensitivity
	Textual description of the sensitivity of the chip, preferably expressed as minimum illumination expressed in Lux at F/1.2.
	'0.08 Lux at F1.2'
	text
	

	comments
	Free text field for comments.
	
	text
	


5.2.6 CAMSYS_DIGITIZER

Defines camera digitizers that convert analog signals to digital data (e.g. a frame grabber card or a plate scanner). This table is referred to by the camsys_system table through the camera_code field.
	name
	description
	example
	type
	constraints

	digitizer_code
	Unique alphanumeric identification code for the digitizer.
	'meteor_2'
	text
	PRIMARY KEY

	brand
	Manufacturer of the digitizer.
	'Matrox'
	text
	

	model
	Model name of the digitizer.
	'Meteor 2'
	text
	

	chip
	Chip used in the digitizer.
	
	text
	

	bitdepth
	Dynamic range of the digitizer expressed in bits.
	8, 16
	integer
	

	comments
	Free text field for comments.
	
	text
	


5.2.7 CAMSYS_SOFTWARE

Defines software or software pipelines used to process camera observations (event detection, photometry, astrometry, ...). This table is referred to by the cam_session table through the software_code field.
	name
	description
	example
	type
	constraints

	software_code
	Unique alphanumeric identification code for the software or software pipeline.
	'METREC_V3.6'
	text
	PRIMARY KEY

	name
	Full name of the software or software pipeline.
	'MetRec 3.6', 'UFOCapture'
	text
	

	star_catalog
	Name of the star catalog used for the meteor position and magnitude determination.
	'UCAC-2', 'Hubble Guidestar'
	text
	

	comments
	Free text field for comments.
	
	text
	


5.2.8 CAMSYS_NETWORK

Defines coordinated networks of camera systems. The membership of a system to a network is indicated through the camsys_network_system table.

	name
	description
	example
	type
	constraints

	network_code
	Unique alphanumeric identification code for the network.
	'IMONET'
	text
	PRIMARY KEY

	name
	Long name of the network.
	'IMO Video Network' 
	text
	

	comments
	Free text field for comments.
	
	text
	


5.2.9 CAMSYS_NETWORK_SYSTEM

This table links camera networks to the member systems.

	name
	description
	example
	type
	constraints

	network_code
	Unique alphanumeric identification code for the network.
	'IMONET'
	text
	PRIMARY KEY

	system_code
	Unique alphanumeric identification code of a system belonging to this network.
	'ICC4' 
	text
	PRIMARY KEY #2


6 Camera Observation Schema
The camera schema holds observations performed using a still or video camera system. It stores parameters for each observing session/period and stores astrometry and photometry for the meteors observed.

6.1 Relationship diagram
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6.2 Table definitions

6.2.1 CAM_SESSION
Defines an observing session performed with a camera system.
	name
	description
	example
	type
	constraints

	entry_code
	Unique alphanumeric identification code for the session.
	'CAM-20060101-S001'
	text
	PRIMARY KEY

REFERENCES entry(entry_code)
ON UPDATE CASCADE
ON DELETE CASCADE

	system_code
	Code of the camera system used for this session.
	'ICC3'
	text
	NOT NULL

REFERENCES camsys_system(system_code)

	location_code
	Code of the location of the session.
	'10050'
	text
	REFERENCES location(location_code) 
ON UPDATE CASCADE

	observer_code
	Operator of the camera system during this session, identified by his observer code.
	'KOSDE'
	text
	REFERENCES observer(observer_code) 
ON UPDATE CASCADE

	lens_code
	Code of the lens used.
	'FUJINON_12"
	text
	REFERENCES
camsys_lens(lens_code)

ON UPDATE CASCADE

	frame_size
	Apparent vertical size of a video frame in degree. Give not the size of the visible FOV of your camera, but the size of the whole video frame along the y axis. This gives an indication of the image scale. Expressed as a real number in degrees.
	30
	numeric
	

	software_code
	Code of the software or software pipeline used to process the data.
	'METREC_V3.6'
	text
	REFERENCES camsys_software(software_code)
ON UPDATE CASCADE

	storage
	Description of the storage format (e.g., VCR tape, analog film, mpeg-compressed digital video...). If the data was processed in real time, mention it here.
	'KODAK 400 ASA'
	text
	

	gain
	Description of the gain setting of the camera system.
	'Highest gain'
	text
	

	saturation_value
	Maximum value of a pixel. This depends on the dynamic range and the gain of the system.
	255, 230
	text
	

	time_accuracy
	Minimum accuracy of the times of the meteors and periods. Expressed in seconds (real number).
	2, 20
	numeric
	

	comments
	Free text field for comments.
	
	text
	


6.2.2 CAM_PERIOD

Defines a data period (sub-session) of a camera session, to hold parameters such as the field of view pointing and limiting magnitude. There is some freedom in the use of periods. For video camera sessions, a new period should be started whenever there is a significant change in the period parameters. For still camera sessions, a period represents a single exposure.
	name
	description
	example
	type
	constraints

	period_code
	Unique alphanumeric identification code for the period.
	'CAM-20060101-S001-P001'
	text
	PRIMARY KEY

REFERENCES period(period_code)
ON UPDATE CASCADE
ON DELETE CASCADE

	entry_code
	Unique alphanumeric identification code for the session.
	'CAM-20060101-S001'
	text
	NOT NULL

REFERENCES cam_session(entry_code)
ON UPDATE CASCADE

	start
	Timestamp of the start of the period. Use the ISO-format YYYY-MM-DD HH:MI:SS in Universal Time (UTC).
	'2007-10-15T00:30:45'
	timestamp
	

	stop
	Timestamp of the end of the period. Use the ISO-format YYYY-MM-DD HH:MI:SS in Universal Time (UTC).
	'2007-10-15T00:45:00'
	timestamp
	

	teff
	Effective observing time, in decimal hours. If this is unknown (i.e. if the data is unsuitable for activity analysis), then leave this field empty.
	0.25
	numeric
	

	lm
	Limiting stellar magnitude at the beginning of the period. 
	6.52
	numeric
	

	fov_ra
	Right Ascension of the center of the field of view at the beginning of the period, in decimal degrees (J2000.0).
	40
	numeric
	

	fov_dec
	Declination of the above, in decimal degrees (J2000.0).
	230
	numeric
	

	fov_rotation
	Rotation of the field of view polygon in clockwise direction, in decimal degrees.
	5
	numeric
	

	fov_guided_flag
	Is the camera guided? (i.e. do the equatorial coordinates of the field of view remain constant throughout the period?)
	true, false
	boolean
	

	fov_obstruction
	Percentage of the field of view that is obstructed by clouds, trees, buildings... This should be a decimal number between 0 and 100.
	20
	numeric
	


6.2.3 CAM_METEOR

Defines a meteor observed in a camera session.
	name
	description
	example
	type
	constraints

	meteor_code
	Unique alphanumeric identification code for the meteor.
	'CAM-20060101-S001-M005'
	text
	PRIMARY KEY

REFERENCES meteor(meteor_code)
ON UPDATE CASCADE
ON DELETE CASCADE

	entry_code
	Unique alphanumeric identification code for the session.
	'CAM-20060101-S001'
	text
	NOT NULL

REFERENCES cam_session(entry_code)
ON UPDATE CASCADE

	period_code
	Unique alphanumeric identification code for the period.
	'CAM-20060101-S001-P001'
	text
	NOT NULL

REFERENCES cam_period(period_code)
ON UPDATE CASCADE

	time
	Time when the meteor was first detected, use ISO format YYYY-MM-DD HH:MI:SS in Universal Time (UTC).
	'2007-08-12T00:12:34.45'
	timestamp
	

	shower_code
	The shower designation for the meteor. Initially this is the shower as designated by the observing software, but this value may be recomputed and updated at any point in time afterwards according to an updated standard radiant catalog.
	'PER'
	text
	REFERENCES shower(shower_code)
ON UPDATE CASCADE

	shower_code_original
	The shower code for the meteor as designated by the original observing software. This value should not be altered  after the observation.
	'SPO'
	text
	

	frames
	Number of exposures in which the meteor was recorded.
	8
	smallint
	

	positions
	Number of astrometrical positions that were obtained for the meteor. This may be different from the number of exposures, because multiple positions may be obtained from a single exposure (e.g. using a shutter).
	16
	smallint
	

	duration
	Duration of the meteor in seconds (real number).
	1.6
	numeric
	

	magnitude
	Maximum magnitude of the meteor (real number).
	3.5
	numeric
	

	velocity
	Average angular velocity in degrees/second (real number).
	20.0
	numeric
	

	in_fov
	Denotes whether the meteor entered or left the field of view. '00' = started and ended outside the field of view, '10' = started inside but ended outside, '01' = started outside but ended inside, '11' = both start and end are inside the field of view.
	11
	text
	

	begin_ra
	Right Ascension of the begin point in decimal degrees (J2000.0). The value may have been corrected, e.g. using a linear fit through the meteor or by manual measurement.
	20.8753
	numeric
	

	begin_dec
	Declination of the above.
	45.4875
	numeric
	

	end_ra
	Right Ascension of the end point in decimal degrees (J2000.0). The value may have been corrected, e.g. using a linear fit through the meteor or by manual measurement.
	12.8754
	numeric
	

	end_dec
	Declination of the above.
	49.7851
	numeric
	

	comments
	Free text field for comments.
	
	text
	

	d_duration
	Uncertainty of the duration in seconds (real number).
	
	numeric
	

	d_magnitude
	Uncertainty of the maximum brightness (real number).
	
	numeric
	

	d_velocity
	Uncertainty of the angular velocity in degrees per second (real number).
	
	numeric
	

	d_begin_ra
	Uncertainty of the begin R.A. in degrees (real number).
	
	numeric
	

	d_begin_dec
	Uncertainty of the begin Dec in degrees (real number).
	
	numeric
	

	d_end_ra
	Uncertainty of the end R.A. in degrees (real number).
	
	numeric
	

	d_end_dec
	Uncertainty of the end Dec in degrees (real number).
	
	numeric
	


6.2.4 CAM_POSITION

Defines the individual astrometric and photometric measurements for a meteor. Typically there is one such measurement per frame/exposure, but it could be more in case a rotating shutter was used.

	name
	description
	example
	type
	constraints

	meteor_code
	Unique alphanumeric identification code for the meteor.
	'CAM-20060101-S001-M005'
	text
	PRIMARY KEY

REFERENCES cam_meteor(meteor_code)
ON UPDATE CASCADE
ON DELETE CASCADE

	pos_no
	Number of the position, counted relative to each meteor starting by 1.
	1,2,3,4,5...
	smallint
	PRIMARY KEY

	time
	Time of the position, accurate to the time interval between exposures or shutter breaks. Use the ISO-format YYYY-MM-DD HH:MI:SS In Universal Time (UTC).
	'2007-08-12T00:12:34.45'
	timestamp
	

	magnitude
	The apparent magnitude of the meteor at the given position.
	3.6
	numeric
	

	pos_x
	The horizontal position (X) of the meteor within the exposure. This should be a relative value between 0 and 1 (real number).
	0.23
	numeric
	

	pos_y
	The vertical position (Y) of the meteor within the exposure. This should be a relative value between 0 and 1 (real number).
	0.45
	numeric
	

	pos_ra
	Right Ascension of the meteor, in decimal degrees (J2000.0).
	32.9785
	numeric
	

	pos_dec
	Declination of the meteor, in decimal degrees (J2000.0).
	130.4845
	numeric
	

	correction_flag
	Was the position corrected afterwards, for example by a manual re-measurement?
	true, false
	boolean
	

	outlier_flag
	Are the given coordinates outliers relative to the other positions for this meteor?
	true, false
	boolean
	

	saturated_pixels
	Number of saturated pixels in the image.
	12
	integer
	

	filepointer
	Pointer to an image file of the frame.
	
	text
	REFERENCES filepointer(filepointer)
ON UPDATE CASCADE

	d_magnitude
	Uncertainty of the brightness (real number).
	
	numeric
	

	d_pos_x
	Uncertainty of the horizontal X position (real number).
	
	numeric
	

	d_pos_y
	Uncertainty of the vertical Y position (real number).
	
	numeric
	

	d_pos_ra
	Uncertainty of the R.A. in degrees (real number).
	
	numeric
	

	d_pos_dec
	Uncertainty of the Dec. in degrees (real number).
	
	numeric
	


7 Orbit Schema
TBC

7.1 Relationship diagram

[image: image5.png]ORBIT (Veteoroid trajectories and orbits)

orb_meteor !

§ entry_code (FK)

method_code (FK)
shower_code (FK)
shower_code_original (FK)
trajectory_points
time

a

a

e

i

omega
large_omega
magritude_abs
mass
mass_method
cos_z
velocity_helio
velocity_geo
velocity_inf
velocity_obs
height_begin
height_max
height_end
radiant_obs_ra
radiant_obs_dec
radiant_geo_ra
radiant_geo_dec
meteors

in_fov
covergence_max
quality_comments
& qualty_code

@ correction_code
@ comments.

0000000000000 0000CO0000O0COCO0O©O©

Trajectory

orb_trajector hd

§ pont_no

@ orb_meteor_entry_code (FK)
@ longiude

J @ latitude

Trace

@ height
© magritude_abs
% velocity

Incertaint

< par2

orb_frace !

@ meteor_code (FK)

——<p——— @ orb_meteor_entry_code (FK)

Method

@ weight
© comments

orb_method ¥

| Uncertanty

i

@ method_code

& description

orb_trajectory_covarlance ¥

# pont_no (k)
F parl

@ covar
@ distribution

orb_multi_observation

§ muit_observation_id
@ entry_code ()

& method

orb_covariance !

orb_multi_meteor *

F part
@ parz

F muiti_meteor_id
§ meteor_code (FK)

@ orb_meteor_entry_code (FK)
@ covar
@ normal_flag





7.2 Table definitions
8 Visual Schema

TBC

8.1 Relationship diagram
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8.2 Table definitions

9 Miscellaneous Schema

TBC

9.1 Relationship diagram
9.2 Table definitions
shared


Generic metadata on observers, locations...





shower


Meteor shower and radiant catalogues.








camsys


Video and still camera systems.








misc (msc)


Miscellaneous non-standardized data








camera (cam)


Video and still camera observations.








visual (vis)


Visual counts and plots.








orbit (orb)


Computed trajectories and orbits.








flux (flx)


Computed shower ZHR and flux curves.











