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1 Overview

1.1 Scope

The Overhead Persistent InfraRed (OPIR) Focus Group (OFG) sponsored the development of the OPIR Data Standards.  OPIR data processing levels range from Level 0 (raw sensor data) data processing to Level 5 (Technical Intelligence products) data processing (Annex C.1 – separate FOUO document).   Level 3 also indicates that raw OPIR data has been partially processed, but is not a final intelligence product or a secondary exploitable product such as a weather mosaic.  In addition, Level 3 Data Standard is applicable to ‘primary exploitable products' (i.e. representative returns).  The representative returns (Rep Returns) are defined as OPIR sensor exceedances which are above a given threshold and indicate a point of interest.  Typically the points are associated with either a static or a moving event. 

The OPIR Level 3 Standard, Rep Return is defined by a Conceptual Data Model, a Logical Data Model, and an associated Data Dictionary (Annex A.1).  The Rep Return Logical Data Model has a number of entities which describe the OPIR platform and sensor attributes the field of view and boresight of the OPIR sensors on the platform and the data that was collected and processed from the sensor.  The associated data dictionary describes the attributes contained in each entity and the units of value. 

1.2 Context

The Director of National Geospatial-Intelligence Agency (NGA), as Functional Manager for Geospatial Intelligence, has directed a transformation of the architecture that supports the NSG from a system-centric to a network-based / data-centric architecture.  The development of data model-based standards across OPIR supports this transformation by defining a common standard for all OPIR sensors.

1.3 Conformance

All OPIR systems generating a Level 3 Rep Return product must conform to the guidance within this standard.  Extensions to the content of this standard should be coordinated through the Geospatial-Intelligence Standards Working Group (GWG) OPIR Focus Group (OFG).  Conformance is addressed in more detail in Section 5.

2 References

2.1 Normative

The documents listed in Table 1 are indispensable to understanding and use this standard.  For dated references, only the cited edition or version applies.  For undated references, the latest edition or version of the referenced document (including any amendments) applies.

Table 1 – Normative References

	Description
	Reference

	NGA OPIR Data Dictionary

(Version 1.0, 19 February 2010)
	Normative Annex A.1    Data Dictionary

	ISO 19130:2010 Geographic information -- Imagery sensor models for geopositioning
	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 19101:2002 Geographic information -- Reference model
	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 19146:2010 Geographic information -- Cross-domain vocabularies
	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 19115:2003 Geographic information -- Metadata
	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 19115:2003/Cor.1 2006 Geographic information -- Metadata - Corrigendum 1
	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 19115-2:2009 Geographic information -- Part 2: Extensions for imagery and gridded data
	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 3166-1:2006 Codes for the representation of names of countries and their subdivisions -- Part 1: Country codes
	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 3166-2:2007 Codes for the representation of names of countries and their subdivisions -- Part 2: Country subdivision code
	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 3166-3:1999 Codes for the representation of names of countries and their subdivisions -- Part 3: Code for formerly used names of countries


	http://www.iso.org/iso/iso_catalogue.htm 

	ISO 3166-1:2006/Cor 1:2007  Codes for the representation of names of countries and their subdivisions -- Part 1: Country codes - Corrigendum 1
	http://www.iso.org/iso/iso_catalogue.htm


2.2 Informative

The informative (non-normative) documents listed in Table 2 are useful to understand and use this standard.  For dated references, only the cited edition or version applies.

Table 2 – Informative References

	Description
	Reference

	NGA OPIR Data Processing Levels
	Informative Annex C.1 NGA Data Processing Levels

	Attitude Reference Frame
	Informative Annex C.2   SBIRS HEO & GEO Attitude Reference Frame (ARF or A)

	Camera Reference Frame
	Informative Annex B.1    Camera Reference Frame (CRF)

	UML Relationship Legend
	Informative Annex B.2     UML Relationship Legend

	OPIR Level 3 Standard, Representative Return Data Model: HDF5 Implementation Specification

3 May 2011
	Companion document to this document.

	ISO/IEC FDIS 11179-1 "Information technology - Metadata registries - Part 1: Framework", March 2004


	http://www.iso.org/iso/iso_catalogue.htm


3 Terms, Definitions, Acronyms

3.1 Terms and Definitions

The following terms and definitions are relevant to this document.  The Data Dictionary (0) contains information such as units and definitions for each item in the Rep Return Logical Data Model entities and attributes.

	Term
	Definition

	Conceptual Data Model
	A data model that represents an abstract view of the real world. A conceptual model represents the human understanding of a system.

Source: ISO/IEC FDIS 11179-1 "Information technology - Metadata registries - Part 1: Framework", March 2004

	Logical Data Model
	A Logical Data Model is a representation of data organized in terms of entities and relationships which is independent of any implementation specifics.

	OPIR Data Level 3
	OPIR Data Level 3 processing is Fully preprocessed sensor data suitable for the majority of exploitation tasks.  Data may be enhanced by scene formation, georeferencing, orthorectification, etc, or by including metadata required to do so and to support product definition.

	Physical Data Model
	A Physical Data Model is a representation of the data design and is generally derived from the Logical Data Model.

	Rep Return
	A rep return is the result of processing raw sensor data. A rep return is representative of the "centroid" and energy of a cluster of raw sensor detections as determined by the algorithms used to process the raw data.

	Unified Modeling Language (UML)
	UML was created by and is managed by the Object Management Group as a standardized general purpose modeling language.  It is generally used to visualize a system's architecture.   Note:  UML 2.3 is the current released version.


3.2 Acronyms

	Acronym
	Definition

	ARF
	Attitude Reference Frame

	CRF
	Camera Reference Frame

	ECF
	Earth Centered Fixed

	ECI
	Earth Centered Inertial

	FOV
	Field Of View

	GWG
	Geospatial-Intelligence Standards Working Group

	LOS 
	Line Of Sight

	NGA
	National Geospatial-Intelligence Agency

	NSG
	National System for Geospatial-Intelligence

	OFG
	OPIR Focus Group

	OPIR
	Overhead Persistent InfraRed 

	SNR
	Signal-To-Noise Ratio

	SPM
	Seconds Past Midnight

	TOD
	True Of Data

	UTC
	Coordinated Universal Time

	UML
	Unified Modeling Language


4 Rep Return Data Standard

4.1 Conceptual Data Model

The Rep Return standard is part of the larger OPIR Enterprise which is captured in the OPIR Conceptual Data Model.  The OPIR Conceptual Data Model is shown in Figure 1. 
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Figure 1.  OPIR Conceptual Data Model

4.2 Logical Data Model

Figures 2a and 2b are the logical data model that describes the OPIR Level 3 Standard, Rep Return.  This model includes the entities, attributes and relationships necessary to completely describe the Representative Return Standard.  As stated at the beginning of this document, the Rep Return is a Level 3 Standard.   The Rep Return Data Model is part of a larger data model that is being expanded to include levels 1 and 4 standards as well as the level 3 Rep Return Standard; this larger data model is called the Joint OPIR Data Model (JODM).  The JODM is named in the following figures; these figures only show the Rep Return portion of the JODM.  
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Figure 2a.  OPIR Representative Return Logical Data Model
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Figure 2b.  OPIR Representative Return Logical Data Model

4.3 Content Rules

 The Rep Return Data Standard preferred units of measure are defined in the NGA OPIR Data Dictionary (Reference0).  The presentation of numbers follows U.S. convention in which the period (‘.’) is used as the radix marker (the decimal point), and the comma (‘,’) is used to delimit groups of three digits t the left of the radix marker.

5 Conformance

The OPIR Level 3 Standard, Representative Return specifies an OPIR-wide logical data model and associated data dictionary.  Conformance to this standard requires that when a concept from this standard is employed within an OPIR system or data set that the meaning of the concept be preserved and that information regarding the concept that is specified in the Rep Return standard be honored.

The Name and Definition are the primary means of specifying the concept.  Conformance to each of these can only be determined by inspection and subjective judgment.

Name: A compact and human-readable designator that is used to denote the concept.  Aliases may be defined for use within the scope of an information system, but datasets used in information exchange shall only sue the Rep Return Standard-specified name.

Definition: A precise statement of the nature, properties, scope, or essential qualities of the concept.  Information systems and datasets shall preserve this meaning, neither narrowing, broadening, nor otherwise altering the specified semantics.

Annex A   Normative Annexes 

A.1   Data Dictionary 
	  

	Name
	Definition
	Data Entity
	Units
	Reference Source

	AlternateVector
	Two-dimensional line of sight vector emanating in the indicated coordinate frame.  If this is used for FOV you must have at least three; this is not expressed on the diagram because the AlternateVector usage is optional.
	
	 
	

	 
	LOSVector - A pointing vector in the indicated coordinate reference frame.
	UnitVector
	N/A
	

	 
	vectorRefType - Indication of the coordinate reference frame in use.
	VecRefFrame
	N/A
	

	Annotation
	A keyword/value pair that allows the producer a place to store data that is of use to their particular system.  So it is generally not of use to other consumers since it is, in a sense, anonymous data.
	
	 
	

	 
	author - Name of the individual creating/maintaining the Annotation.
	string
	N/A
	

	 
	classification - Classification level of this Annotation.
	string
	N/A
	

	 
	dateLastUpdated - Date/Time that the value changed for this Annotation.
	TimeStamp
	N/A
	

	 
	type - Keyword of this Annotation.
	string
	N/A
	

	 
	text - Value of this annotation in a text format.  Note: this may actually represent a float, double, integer, string, etc. depending upon the Type.
	string
	N/A
	

	
	Data - 
	TBD
	N/A
	

	Boresight
	the orientation of the center of the physical element represented by the SensorScene or SubScene (as applicable) at the middle of the timespan.  If the sensor is a staring sensor and it is a SensorScene:Boresight then this corresponds to the orientation of the optical axis described by a unit pointing vector.
	
	 
	

	 
	LOSVectorECEF - The pointing vector describing the boresight, in the Earth Centered Earth Fixed reference frame translated to the vehicle center.  It is assumed that ECEF has a WGS-84 geodetic datum.
	UnitVector
	N/A
	

	CameraToVecQuat
	q_fc, can be used to rotate the LOS covarience, which lies in the camera frame, to the Earth Centered, Earth Fixed (ECEF) Vector Reference Frame.  It gives an understanding of how the error ellipse is oriented.  This quaternion is normalized to allow it to do rotation on the hypersphere without inducing a scaling of the rotated vector.  Normally x, y, z unit vectors are used to define the Vector Reference Frame rotational axis.  Rotation is defined in the American sense; i.e., u_f= (q_fc)dot(u_c)dot(q_fc)* where u_c is a 3-vector in the camera frame and u_f is a 3-vector in the f Vector Reference frame.  Note that the vector u_c must first be converted to a 4 element vector by augmenting with a zero (e.g., the vector [x'y'z'] becomes [x'y'x'0], where x', y', z' are in the camera frame).
	
	 
	

	 
	s1 - The vector component of the unit Quaternion along the x axis; s1=x*sine(theta/2)
	double
	N/A
	

	 
	s2 - The vector component of the unit Quaternion along the y axis; s2=y*sine(theta/2)
	double
	N/A
	

	 
	s3 - the vector component of the unit Quaternion along the z axis; s3 = z*sine(theta/2)
	double
	N/A
	

	 
	c - The constant portion of the unit Quaternion; c = cosine(theta/2)
	double
	N/A
	

	DataModelHeader
	Header describing the data contained in the specific instantiation of the data model.  This information contains who generated the enclosed data with what version of the RepReturn data model, as well as the overall Classification of that data.  
	 
	 
	

	 
	creationDate - The date/time that the data was inserted into the instantiation of the model. 
	TimeStamp
	N/A
	

	 
	modelVersion - Version of the data model that the data is compliant with.
	string
	N/A
	

	 
	overallClassification - Identifies the highest level of classification of any of the data contained in the instantiation of the data model.
	Classification
	N/A
	

	 
	comments - The originator uses this field to describe the enclosed dataset and any related information.
	string
	N/A
	

	 
	dataGeneratedViaExercise - Indicates whether the data collected to generate the enclosed products was collected during an Exercise or not.
	boolean
	N/A
	

	 
	dataPedigree - Indicates the type of origin of the data (simulated, real, captured live, etc.).
	DataGenMode
	N/A
	

	 
	poc - Point of Contact along with a time-stamped comment.  The first poc would normally be that of the originator.
	Note
	N/A
	

	DataGenMode
	Indicates the pedigree of the enclosed data.
	
	
	

	
	simDataFlag - Indicates whether this entity or any portions of its data was simulated.
	boolean
	N/A
	

	
	offlineFlag – Indicates whether any of the data generated for this entity in this file was captured offline (not on the operational string).
	boolean
	N/A
	

	
	playbackFlag - Indicates whether any of the data associated with this entity was played back to generate any of the associated repReturns.
	boolean
	N/A
	

	ECEFVector
	Two-dimensional line of sight vector emanating from the enclosing Class position in the Earth Centered, Earth-Fixed (ECEF) coordinate frame translated from the earth center to the spacecraft center.  It is assumed that ECEF has a WGS-84 geodetic datum.
	
	
	

	ECIStateVec
	This is an optional extension to the Ephemeris record which collects Platform position and velocity in the ECI-TOD reference frame.  By this we mean Earth-Centered Inertial, True of Date, true equator, true equinox (ECI-TOD) reference frame.  Also optionally extended are estimated spacecraft position errors, expressed in the ECI-TOD reference frame, with both a slowly-varying component (the bias) and a rapidly-varying component (the random error).  These may be omitted and instead included in the RepReturn error estimate, using the RepReturn:assumedRange to translate them to a radian squared estimate.
	 
	 
	

	 
	stateVectorECI - The position estimate of the platform at the indicated Time in the Earth-Centered Inertial (ECI) coordinate frame as well as the spacecraft velocity estimate projected along the ECI frame.  It is assumed that this is ECI-TOD: Earth-Centered Inertial, True of date, true equator, true equinox, translated from the earth center to the spacecraft center.  See StateVector for units and format.
	StateVector
	N/A
	

	Ephemeris
	A table containing the coordinates of a celestial body at specific times during a given period.  There may be additional information related to position (e.g., velocity, positional errors).  The coordinates are expressed in terms of the Earth Centered, Earth Fixed (ECEF) reference frame; they may also be expressed in terms of the Earth-Centered Inertial, True of Date, true equator, true equinox (ECI-TOD) reference frame.  Also optionally extended are estimated spacecraft position errors, expressed in the ECEF reference frame, with both a slowly-varying component (the bias) and a rapidly-varying component (the random error).  These may be omitted and instead included in the RepReturn error estimate, using the RepReturn:assumedRange to translate them to a radian squared estimate.
	 
	 
	

	 
	time - Either the UTC date/time that the ephemeris was measured or, if calculated, the UTC date/time that the ephemeris position represents.
	TimeStamp
	N/A
	

	 
	simDataFlag - Indicates whether  any portion of this Ephemeris Record was simulated.
	boolean
	N/A
	

	 
	stateVectorECEF - The position estimate of the platform at the indicated Time in the Earth Centered, Earth Fixed (ECEF) coordinate frame as well as the Platform velocity estimate projected along the ECEF frame.  It is assumed that ECEF has a WGS-84 geodetic datum.
	StateVector
	N/A
	

	FOV
	Sensor field of view as defined by a clockwise list of unit pointing vectors arranged along the periphery of the sensor's viewing region.  The pointing vectors are in terms of the ECEF reference frame but one may also provide them in an AlternateVector.
	 
	 
	

	 
	LOSVectorECEF - The pointing vector emanating from the periphery of this FieldOfView, in the Earth Centered Earth Fixed reference frame translated to the vehicle center.  It is assumed that ECEF has a WGS-84 geodetic datum.
	UnitVector
	N/A
	

	FieldOfView
	Field of View describes the region in space that the sensing element is tasked to cover.  It is defined by a boresight as well as by a list of peripheral pointing vectors.  Additionally, it can have a list of footprint points associated with it (describing the earth intersection of the peripheral pointing vectors).
	 
	 
	

	 
	time - Time that the boresight and FOV vectors were determined.  Falls within the starting time and ending time of the enclosing sensor scene or sub-scene.
	TimeStamp
	N/A
	

	 
	simDataFlag - Flag indicating whether or not the enclosed item was simulated
	boolean
	N/A
	

	FocalPlaneError
	The error estimate for the associated point on the FPA at the indicated time; it is optional but is required to perform tracking.
	 
	 
	

	 
	losBiasError - The systematic error associated with the LOS vector. 
	LOSCovMatrix
	N/A
	

	 
	losRandomError - The uncertainty associated with the LOS vector.  It is a measure of the precision of the LOS vector.
	LOSCovMatrix
	N/A
	

	 
	losErrorToECEFRotation - The quaternion describing the rotation from the CameraFrame (in which the Errors are reported ) the ECEF coordinate frame.
	CameraToVecQuat
	N/A
	

	Footprint
	The intersection of the field of view of the sensor and the earth as described by a clockwise list of latitude, longitude and altitude points.
	 
	 
	

	LOSCovMatrix
	Describes the estimated errors in the line of sight as referenced to the camera frame with the Z-axis aligned with the focal plane line of sight vector.  The x-axis may be chosen such that it is aligned with the cross-scan direction (scanner) or positive column direction of the focal plane (starer).  The orientation of the camera frame with respect the vector reference frame in use is calculated using the cameraToVectorQuaternion.  The covariance matrix is assumed to be symmetric, therefore only the unique coefficients are represented.
	 
	 
	

	 
	E[x*x] - The covariance of x with itself; E[(x-E(x))(x-E(x))]
	double
	radians squared (rad2)
	

	 
	E[x*y] - The covariance of x with y; E[(x-E(x))(y-E(y))]
	double
	radians squared (rad2)
	

	 
	E[y*y] - The covariance of y with itself; E[(y-E(y))(y-E(y))]
	double
	radians squared (rad2)
	

	Note
	A time-stamped and 'signed' comment about the data contained in the specific instantiation of the data model.  These are optional but there can be multiple Notes.
	 
	 
	

	 
	comments - This field describes the enclosed dataset and any related information. 
	string
	N/A
	

	 
	author - The name of the person who instantiated or updated the enclosing class and its children.
	string
	N/A
	

	 
	role - Organizational role of the author
	string
	N/A
	

	 
	organization - Organization responsible for instantiating/updating the enclosing class and its children.
	string
	N/A
	

	 
	phoneNumber - Phone number of the author.
	string
	N/A
	

	 
	time - The date/time that the Note was added to the enclosing class.
	TimeStamp
	N/A
	

	Platform
	Vehicle that carries the associated sensor(s).
	 
	 
	

	 
	name- Platform name.
	string
	N/A
	

	 
	ironNumber - Inter-Range Operating Number (IRON) that uniquely identifies the platform.
	integer
	N/A
	

	 
	id – ID of the platform.
	Integer
	N/A
	

	 
	dataPedigree – Indicates the type of origin of the data (simulated, real, captured live, etc.)
	DataGenMode
	N/A
	

	Point
	The projection of a line of sight vector onto a WGS84 earth model.
	 
	 
	

	 
	geodeticLatitude - The angular distance between a point on the Earth's surface and the equator, using as the vertex the intersection with the equatorial plane of a perpendicular line drawn from the surface point.
	float
	radians (rad)
	

	 
	longitude- Angular distance on the earth's surface, measured east or west from the prime meridian at Greenwich, England, to the meridian passing through a position
	float
	radians (rad)
	

	 
	altitude - Distance along the gravity vector between the point in question and the gravity vector's intersection with the WGS-84 earth model.
	float
	kilometers (km)
	

	PosCovMatrix
	Describes the estimated errors in the position.  The covariance matrix is assumed to be symmetric, therefore only the unique coefficients are represented.
	 
	 
	

	 
	E[x*x] - The covariance of x with itself; E[(x-E(x))(x-E(x))]
	float
	meters squared (m2)
	

	 
	E[x*y] - The covariance of x with y; E[(x-E(x))(y-E(y))]
	float
	meters squared (m2)
	

	 
	E[x*z] - The covariance of x with z; E[(x-E(x))(z-E(z))]
	float
	meters squared (m2)
	

	 
	E[y*y] - The covariance of y with itself; E[(y-E(y))(y-E(y))]
	float
	meters squared (m2)
	

	 
	E[y*z] - The covariance of y with z; E[(y-E(y))(z-E(z))]
	float
	meters squared (m2)
	

	 
	E[z*z] - The covariance of z with itself; E[(z-E(z))(z-E(z))]
	float
	meters squared (m2)
	

	PositionCoord
	x-, y-, and z-position in kilometers.
	 
	 
	

	 
	x - The x-component of the position vector.
	double
	kilometers (km)
	

	 
	y - The y-component of the position vector.
	double
	kilometers (km)
	

	 
	z - The z-component of the position vector.
	double
	kilometers (km)
	

	PositionErrors
	Estimate of the error associated with the estimate of position
	 
	 
	

	 
	biasError - The component of the position error estimate which is slowly varying compared to the observation interval.
	PosCovMatrix
	N/A
	

	 
	randomError - The component of the position error estimate which is rapidly varying compared to the observation interval.
	PosCovMatrix
	N/A
	

	RepReturn
	the result of processing raw sensor data. A rep return is representative of the "centroid" and energy of a cluster of raw sensor detections as determined by the algorithms used to process the raw data.
	 
	 
	

	 
	spmUTC - Seconds after midnight UTC on the ordinal day of the enclosing class (Sensor Scene or SubScene).  Seconds may have values of over 86,400 (seconds in a day) indicating time spans greater than a day.
	double
	seconds (s)
	

	 
	intensity - Electromagnetic power per unit solid angle.  This is intensity as observed at the earth intercept point but not corrected for atmospheric effects.
	float
	kilowatts per steradian (kW/sr)
	

	 
	assumedRange - The range used to calculate the Intensity
	double
	kilometers (km)
	

	 
	tgtLikelihoodScore - Measure of how likely the rep return is a target of interest.  Large values for this quantity strongly suggest that this is a target of interest while small values suggest either background or noise.  The score is a producer-specified scale determined based on background, noise, static, intensity, etc.
	float
	N/A
	

	 
	SNR - Signal to noise ratio for the rep return.
	float
	N/A
	

	 
	simDataFlag - indicates whether this RepReturn was simulated.
	boolean
	N/A
	

	 
	LOSVectorECEF - The pointing vector emanating from the centroid of this RepReturn, in the Earth Centered Earth Fixed reference frame translated to the Platform center.  It is assumed that ECEF has a WGS-84 geodetic datum.
	UnitVector
	N/A
	

	 
	LOSError - An estimate of the line of sight (LOSVectorECEF) error.
	FocalPlaneError
	N/A
	

	ScanerMode
	Enum type describes the sensor scan mode (wiper, box, circular, other).
	 
	 
	

	SecurityClassification
	Security classification information.
	 
	 
	

	 
	classHeader - The security classification header. 
	string
	N/A
	

	 
	classification - The security classification level and category.
	string
	N/A
	

	 
	handling - The security handling information.
	string
	N/A
	

	 
	releasability - The security releasability information.
	string
	N/A
	

	 
	declassification - The security declassification information.
	string
	N/A
	

	SensingElementConfiguration
	Operational parameters that affect the data collected by the sensing element.
	 
	 
	

	 
	lowWavelength - The lower limit of wavelengths collected by the sensing element.
	float
	micrometers (um)
	

	 
	highWavelength - The upper limits of wavelengths collected by the sensing element.
	float
	micrometers (um)
	

	 
	expectedRevisitTime - Period between successive revisits of the sensing element in seconds.
	float
	milliseconds (ms)
	

	
	focalPlaneIdentifier - The number corresponding to the focal plane in use by the enclosing class (SensorScene or SubScene).
	integer
	N/A
	

	Sensor
	the aggregate of all the hardware and software which works together to monitor a given region for a certain purpose.
	 
	 
	

	 
	name - Name of the sensor
	string
	N/A
	

	 
	id - ID of the sensor.
	integer
	N/A
	

	 
	scannerMode - see ScannerMode entity
	ScannerMode
	N/A
	

	 
	sensorType - see sensorType entity
	SensorType
	N/A
	

	
	dataPedigree – Indicates the type of origin of the data (simulated, real, captured live, etc.)
	DataGenMode
	N/A
	

	SensorScene
	the container for all the data related to a focal plane read-out over a given time interval that has the same expectedRevisitTime.  For an aggregate scanning sensor, this would describe the operation of all sensor sub scenes together.  For a sensor with multiple physical sensing arrays that operate with unique expectedRevisitTimes, each physical array would have a separate sensor scene.  The SensorScene data includes sensor field of view, configuration, and any associated SubScenes and RepReturns over the time interval specified.
	 
	 
	

	 
	startTime - Earliest starting time of any of the physical sensing elements for this configuration and FieldOfView.
	TimeStamp
	N/A
	

	 
	endTime - Latest ending time of any of the physical sensing elements for this configuration and FieldOfView.
	TimeStamp
	N/A
	

	 
	dataPedigree – Indicates the type of origin of the data (simulated, real, captured live, etc.)
	DataGenMode
	N/A
	

	SensorType
	Enum type describes the type of sensor (scanner, starer, etc.).
	 
	 
	

	StateVector
	Point position and velocity data.
	 
	 
	

	 
	position - Position measured at the center of mass.
	PositionCoord
	meters (m)
	

	 
	velocity - Velocity projected along the appropriate reference frame (either ECEF or ECI-TOD).
	VelocityCoord
	kilometers per second (km/s)
	

	SubScene
	the operation of a subset of the SensorScene with a different SensingElementConfiguration.  It is possible to obtain duplicate RepReturns for a given event from the SubScene as well as the SensorScene (Not identical RepReturns, due to the varying operating parameters, but ones which represent the same event).  The SubScene data includes sensor field of view, configuration, and any associated RepReturns over the time interval specified.
	 
	 
	

	 
	startTime - Time that data collection for this sensing element began for the sub-scene's FieldOfView.
	TimeStamp
	N/A
	

	 
	endTime - Time that data collection for this sensing element ended for the sub-scene's FieldOfView.
	TimeStamp
	N/A
	

	
	dataPedigree – Indicates the type of origin of the data (simulated, real, captured live, etc.)
	DataGenMode
	N/A
	

	TimeStamp
	Timestamp is a method of expressing a date and time to sub millisecond resolution.  All times are in UTC.
	 
	 
	

	 
	year- Four digit year portion of the UTC time stamp.
	integer
	year (a)
	

	 
	day- Day portion of the UTC time stamp.  This is a 1-based ordinal, hence January 1st is day 1 of the year.
	integer
	day (d)
	

	 
	spm - Seconds past midnight portion of the UTC time stamp
	double
	seconds (s)
	

	TriangulationData
	These trajectory points are created entirely from multiple MonoTrack data; together they describe a path in 3d space.
	
	
	

	
	trjPt – See TrajectoryPoint definition.
	TrajectoryPoint
	N/A
	

	UnitVector
	Two-dimensional line of sight vector.
	 
	 
	

	 
	x_component - The x-component o the unit vector.
	double
	N/A
	

	 
	y_component - The y-component o the unit vector.
	double
	N/A
	

	 
	z_component - The z-component o the unit vector.
	double
	N/A
	

	VecRefFrame
	Describes the type of reference frame used for the line of sight vector.  ARF: Attitude Reference Frame.  ECI-TOD: Earth-Centered Inertial, True of Date, true equator, true equinox, translated from the earth center to the spacecraft center.
	 
	 
	

	VelocityCoord
	x-, y-, and z-velocity.
	 
	 
	

	
	x - The x-component of the velocity vector.
	double
	kilometers per second (km/s)
	

	 
	y - The y-component of the velocity vector.
	double
	kilometers per second (km/s)
	

	 
	z - The z-component of the velocity vector.
	double
	kilometers per second (km/s)
	


Annex B Informative Annexes

B.1   Camera Reference Frame (CRF)

B.1.1  Overview

Passive optical sensors produce observations that characterize the intensity and location of the object being observed. For most optical sensors, the location to the object is 2-D, which is to say that only the direction (relative to the sensor) can be determined, not the full 3-D location. The direction is often referred to as the Line Of Sight (LOS) to the object. Further, like any measurement, a computed direction is only an estimate of the true direction to the object, subject to errors in the system. The errors associated with the estimate can result from a number of sources, but two sources of error dominate on many optical systems. These are attitude determination error and sensor error (e.g., centroid, distortion, etc.). 

For all sensors, it is necessary to orient the sensor relative to a common coordinate frame. Two common coordinate frames that are widely utilized are Earth Centered Inertial (ECI) and Earth Center Earth Fixed (ECEF). Regardless of the choice of the coordinate frame, all sensors must have some means of determining their attitude relative to the chosen frame. The estimate of attitude, which is often produced by an Extended Kalman Filter (EKF) implementation, has an associated error that is typically quantified by a 3x3 attitude covariance matrix. This attitude covariance matrix describes the uncertainty in the estimate of the attitude for the sensor in three orthogonal directions (e.g., pitch, roll and yaw). Most importantly, when an observation is made, the uncertainty associated with the 2-D observation is a function of this attitude error. An important characteristic of attitude error is that it is typically dominated by a slow drift or low-frequency random walk. In either case, it is important to recognize that over a relatively modest observation duration (say, a few minutes), it is essentially constant and therefore manifests itself as an unknown bias
 over the observation duration. 

The second typical source of error in the determination of the LOS to an object is associated with the 2-D sensor itself. An example of this type of error is often referred to as centroid error. Centroid error is a natural consequence of the discrete nature of the optical detecting element associated with the sensor (be it the Focal Plane Array (FPA) associated with a staring sensor or the linear array that is associated with a scanning sensor). There are two important characteristics associated with centroid error. First, it is intrinsically a 2-D error, which is to say that it is related to the two orthogonal dimensions associated with the sensing element (i.e., row/column for a staring system or scan/cross_scan for a scanner). Second, it is typically modeled as a rapidly varying quantity, at least relative to the observation duration (which is to differentiate it from attitude error, which is constant over the same duration). These two characteristics of centroid error suggest that it should be represented as a separate 2x2 covariance matrix relative to the sensor frame of reference. Note that other sources of sensor error include LOS jitter, distortion error, etc..

While it may be tempting to lump random and bias errors together to afford a more simplistic interface, this can cause issues with some end user applications. For example, target tracking and fusion applications typically produce an estimate of a target’s position and velocity at each instant in time. However, the accuracy of the position estimate is most dominated by bias errors in the measurement, and the accuracy of the velocity estimate is most dominated by random errors in the measurement. Therefore, optimal estimation of the target state relies on an interface that allows separate specification of these errors.   

In order to allow comprehensive sensor exploitation, it is necessary to provide data users with a quantitative characterization of the LOS errors associated with each observation. It is the goal of this technical note to propose and precisely describe an interface that is sufficiently comprehensive to accommodate a broad set of sensor producers and end users. 

B.1.2  Specifying Target LOS

A LOS unit-vector to a target can be parameterized in any of a number of frames of reference. Candidate frames are ECI, ECEF or ARF. Generically, the unit vector can be specified as
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and the subscript f denotes the frame of reference. Allowing the specification of the vector in any of a number of frames of reference allows an interface that is flexible enough to support a broad set of users. This vector is provided in the proposed interface for each observation of the target. As described above, most end user applications also require an estimate of the uncertainty associated with this LOS measurement. If the uncertainty associated with the measurement were isotropic with respect to the LOS vector, (i.e., the error about the vector is circular) then a pair of scalar quantities could comprehensively describe it (i.e., one value for random error and one for bias error). However, for many sensors the error is elliptical rather than circular with respect to the LOS vector. Allowing an elliptical error with respect to the LOS adds complexity, since an interface must be established that unambiguously describes the ellipse (e.g., semi-major, semi-minor, orientation). 

B.1.3   Quantitatively Describing LOS Error

We start by defining a new frame of reference, denoted the camera frame, such that the +z axis is parallel to the mean direction of uf. For this coordinate frame, the choice of the +x axis direction is arbitrary, but a prudent choice would be to align it with the +column direction of the focal plane (starer), or the cross-scan direction (scanner). This choice allows for a straightforward interpretation of the covariance matrices that will be defined in this frame.

As with any random process, the error is typically described as variation about the mean value of the random variable. While the mean LOS direction is unknown, an approximation to the relationship between the f frame and the camera frame can be created by aligning the +z axis of the camera frame with uf (as opposed to the mean value of uf). A quaternion that describes this instantaneous relationship is given by



[image: image5.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

c

s

s

s

q

fc

2

1

0


(2)

where s0, s1 and s2 describe the vector component of the quaternion, and c contains the scalar component. Explicit definitions for the quaternion conventions and mathematics are given in appendix B.1.6. 

This quaternion qfc will be provided in the proposed interface for each observation of the target, since it will change as the LOS to the target and the sensor attitude changes.

The LOS error about the average LOS can be projected onto the x and y axes of camera coordinate frame to allow a 2-D parameterization of the errors. Further, the uncertainty about the mean LOS can be broken into random and bias components. The random component describes LOS error that varies over the observation duration (typically units of minutes). This random component of the LOS uncertainty is often referred to as LOS jitter. As noted above, LOS random error is most often a result of centroid error or uncompensated platform jitter. 
This error can be quantified by a 2x2 covariance matrix in the camera frame of reference. The covariance that describes this random error is given as
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where the Xcr and Ycr are random variables (due to LOS random error) of the direction cosines that result from the projection of the LOS vector onto the x and y axes of the camera coordinate frame. The elements of Prand have units of radians2.

The bias component of the LOS uncertainty describes error that is essentially constant over the observation duration. Although the bias is nominally constant, it is unknown and can be modeled as a random process. For many applications, the bias is the combination of two discrete sources. The first is a result of error in the attitude determination system due to, for example, inertial measurement unit (IMU) drift or slow random walk. The second component of error can result from a number of sources such as mounting errors, star tracker bias, telescope misalignment, etc.. 

A covariance matrix that describes the combination of bias errors can be written as
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where the Xcb and Ycb are random variables (due to LOS bias error) of the direction cosines that result from the projection of the LOS vector onto the x and y axes of the camera coordinate frame.

Note that both Prand and Pbias will be provided in the proposed interface for each observation of the target, since the quantities can change over the observation duration (e.g., Prand is a function of centroid error which is a strong function of target SNR). 

B.1.4  Summary of Interface to LOS and Uncertainty

The following table summarizes the components of the proposed interface.

Table 1 Enumeration of values specified in the proposed interface.  Table is Unclassified
	Interface Component
	Description
	Size
	Units

	uf 
	Per-observation unit vector in the f frame of reference (e.g., ECI, ECEF, ARF, etc.).
	3 double precision values
	N/A

	qfc
	Per-observation quaternion that describes the relationship between the f and camera frames.
	4 double precision values
	N/A

	Prand
	Per-observation 2x2 covariance matrix that describes the time-varying LOS error. Specified in the camera frame of reference.
	3 double precision values

	radians2

	Pbias
	Per-observation 2x2 covariance matrix that describes the LOS bias error. Specified in the camera frame of reference.
	3 double precision values
	radians2


B.1.5  Implications to Data Providers and Users

In order to utilize the interface described in Table 1, data providers must determine how to populate the components of each value. Determination of the LOS vector uf is straightforward as it simply involves application of the sensor’s geolocation model.

Specification of qfc requires a decision to made with respect to the +x axis of the camera frame of reference. As noted above, aligning this axis with one axis of the sensing element is prudent in that it allows for a more straightforward interpretation of the covariance matrices that are specified in this frame. 

Population of the values in Prand and Pbias are more challenging and tend to be very application specific. The values of Prand might be populated by empirical analysis of the random variation in tracks about a smoothed trajectory. LOS jitter due to platform motion might also be incorporated into the estimate. Initial estimates of the values of Pbias might be populated by projecting the 3-D attitude covariance into the camera frame of reference. Empirically determined thermal drifts might also be included. 

For data providers that have less insight into the nature of their sensor LOS errors, it one approach to populating the covariance matrices is to evenly spread a scalar estimate of error into the diagonal terms of Prand and/or Pbias. For example, if the per-axis random LOS error for a staring sensor is assumed to be 1 µrad RMS, then Prand could be set as
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From a data exploitation standpoint, some users may find it unnecessary to separate the bias and random components of LOS error. For these applications, a single covariance matrix that encompasses the total uncertainty may be computed as
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Further, scalar estimates (i.e., that assume circular confidence regions) can be computed from these matrices for users that have even more modest fidelity requirements. These quantities can be computed as
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B.1.6  Quaternion Conventions
 Various conventions exist in the literature for the notation and mathematics related to the quaternion multiplications, so the conventions utilized in this document will be explicity given. 

The quaternion qfc can be used to relate a vector in two different frames by application of 
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where uc is a 3-vector in the camera frame and uf is a 3-vector in the f coordinate frame. Quaternion multiplication and conjugation are defined, respectively, as
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Note that to apply (8), the vector uc must first be converted to a 4 element vector by augmenting with a zero (e.g., the vector [x y z] becomes [x y z 0]).
B.2    UML Relationship Legend
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� Note that widespread use of the term “LOS bias error” is unfortunate in that it can erroneously imply that the error is known, while it is actually an unknown quantity and is therefore modeled as a random process. Indeed, both the random and bias errors that are described herein will be modeled as bivariate random processes.  


�  Note that the covariance matrices are symmetric about the diagonal, so only the upper triangular part is required to describe the whole matrix. Consequently, only the 3 unique terms will be specified.
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