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1 Introduction

This document specifies the Hierarchical Data Format 5 (HDF5) implementation for version 1.0 of the Representative Return Data Model (Rep Return Data Model).  The user is assumed to be familiar with this model; for information on HDF5 see http://www.hdfgroup.org/HDF5.  Briefly, HDF5 is a technology suite that makes possible the management of extremely large and complex data collections.  It features a portable file format, a software library that runs on a range of computational platforms, and a suite of tools and applications for managing, manipulating, viewing and analyzing the data in the collection.
This document allows the user to implement a software system for creating and/or accessing OPIR data contained within an HDF5-formatted file.  The focus of this document is to specify how the data is to be stored and organized in an HDF5 file.  General guidelines related to how HDF5 mechanisms will be employed are first presented.  Following this are definitions for Rep Return Data Model datatypes used throughout the model.  Finally, a section is supplied for each portion of the Rep Return Data Model.
2 General Guidelines
2.1 Hierarchy

In general, the model hierarchy will be reflected in the data hierarchy through the use of HDF5 groups.  Each group must be specified with a name.  These are necessary to distinguish groups one from another, and for tree traversal.  It is important to keep in mind the path to any given HDF5 element as this is one of the mechanisms used by the HDF5 libraries to identify and locate data.
2.2 Plurality
Wherever a plurality is allowed in the model, e.g. many “sensors” to one “platform”, the use of HDF5 groups will be used to distinguish one from another.  One parent group will be used to contain all instances.  Each instance in the set must have a unique name to distinguish it from any siblings.  When available an identifier already in the group will be used; if not available the file producer must create a unique identifier (essentially a count or index).
2.3 Collections
Collections which are found at the leaves of the model structure are to be stored in HDF5 datasets.  These datasets are specified with a name and datatype.  When the collection is one-dimensional it is convenient to store the data in the form of a table; these are defined by an HDF5 compound datatype.  When the dataset is in the form of a table it will have a simple scalar dataspace, which may be unlimited.  
2.4 Elements
Models in the Rep Return Data Model specification have elements which belong to them.  Where appropriate these elements will be stored with the respective HDF5 group or dataset as an attribute.  Generally this will be the case for singular elements, particularly those at the leaves of the model structure.  The attribute will have an HDF5 name, datatype, and value.  
2.5 Optionality
It is undesirable to have portions of a compound datatype be optional; however, it is acceptable to have any of attributes, datasets, or groups optional.  In that case the reader would need to query for the existence of the optional HDF5 element prior to requesting it.  
This has implications for the structuring of a dataset since one generally creates a compound datatype which is the basis for the columns of the resulting table.
3 Datatypes

HDF5 datatypes are to be used to specify how the model is stored to disk.
3.1 Primitives
The following table specifies the HDF5 datatypes to be used with primitives.
Table 1.  Primitive Datatypes.
	Primitive
	HDF5 Datatype (DDL)

	int
	H5T_STD_I32LE

	uint
	H5T_STD_U32LE

	float
	H5T_IEEE_F32LE

	double
	H5T_IEEE_F64LE

	String
	H5T_STRING {

  STRSIZE <# of char>;

  STRPAD H5T_STR_NULLTERM;

  CSET H5T_CSET_ASCII;

  CTYPE H5T_C_S1;

}


3.2 Compound Datatypes
HDF5 supports complex datatypes by combining previously declared datatypes into compound datatypes.  These are akin to C structures.  Each datatype which is inserted into the compound type must be named.  Compound datatypes are used to define dataset tables, and may be used with attributes.
3.2.1 Strings

When strings are defined their size will be fixed.  When the string type appears in type definitions found in this document the convention to be used will be string(3.2.1) {#}, where “#” indicates the maximum length of the string.  Caution must be used by developers to not overrun this size when implementing these types.  Of course, there is no need to pad a string out to the maximum length when writing.
3.3 Rep Return Data Model Datatypes
The Rep Return Data Model defines several base datatypes which are used in its models.  The HDF5 definitions for these types are specified in the following sections.  The Rep Return Data Model datatypes will be defined by tables in the following sections.  The table will indicate a type and name for each element of the Rep Return Data Model datatype.  The type column specifies the relevant HDF5 type for the entry.  The entry may indicate an HDF5 compound or enumeration entry.  The name column indicates the HDF5 name to be used with the element.  For enumeration types the name will indicate both the respective name and ordinal for each enumerated element. 
It is important that the Names (both of the Rep Return Data Model Datatypes and their elements) be spelled correctly in the implementation, as this is one of the mechanisms for the HDF5 libraries to identify and locate data.  

3.3.1 Boolean (bool)

Table 2.  Datatype:  bool

	Type
	Name

	H5T_ENUM
	

	     H5T_STD_I32LE
	false (0)
true (1)


3.3.2 TimeStamp
Table 3.  Datatype:  TimeStamp

	Type
	Name

	H5T_COMPOUND
	

	     H5T_STD_I32LE
	year

	     H5T_STD_I32LE
	day

	     H5T_IEEE_F64LE
	spm


3.3.3 SecurityClassification

Table 4.  Datatype:  SecurityClassification

	Type
	Name

	H5T_COMPOUND
	

	     string(3.2.1) {80}
	classHeader

	     string(3.2.1) {80}
	classification

	     string(3.2.1) {80}
	handling

	     string(3.2.1) {80}
	releasability

	     string(3.2.1) {80}
	declassification


3.3.4 DataGenMode
Table 5.  Datatype:  “DataGenMode”
	Type
	Name

	H5T_COMPOUND
	

	     bool (3.3.1)
	simDataFlag

	     bool (3.3.1)
	offlineFlag

	     bool (3.3.1)
	playbackFlag


3.3.5 Note

Table 6.  Datatype:  Note

	Type
	Name

	H5T_COMPOUND
	

	     string(3.2.1) {2000}
	comments

	     string(3.2.1) {80}
	author

	     string(3.2.1) {80}
	role

	     string(3.2.1) {80}
	organization

	     string(3.2.1) {20}
	phoneNumber

	    TimeStamp (3.3.2)
	time


3.3.6 ScannerMode

Table 7.  Datatype:  ScanerMode

	Type
	Name

	H5T_ENUM
	

	     H5T_STD_I32LE
	Wiper (0)
Box (1)
Circular (2)
Other (3)


3.3.7 SensorType
Table 8.  Datatype:  SensorType

	Type
	Name

	H5T_ENUM
	

	     H5T_STD_I32LE
	Scanner (0)
Starer (1)
Other (2)


3.3.8 PositionCoord

Table 9.  Datatype:  PositionCoord

	Type
	Name

	H5T_COMPOUND
	

	     H5T_IEEE_F64LE
	x

	     H5T_IEEE_F64LE
	y

	     H5T_IEEE_F64LE
	z


3.3.9 VelocityCoord

Table 10.  Datatype:  VelocityCoord

	Type
	Name

	H5T_COMPOUND
	

	     H5T_IEEE_F64LE
	x

	     H5T_IEEE_F64LE
	y

	     H5T_IEEE_F64LE
	z


3.3.10 StateVector

Table 11.  Datatype:  StateVector

	Type
	Name

	H5T_COMPOUND
	

	     PositionCoord (3.3.8)
	position

	     VelocityCoord (3.3.9)
	velocity


3.3.11 PosCovMatrix

Table 12.  Datatype:  PosCovMatrix

	Type
	Name

	H5T_COMPOUND
	

	     H5T_IEEE_F32LE
	Exx

	     H5T_IEEE_F32LE
	Exy

	     H5T_IEEE_F32LE
	Exz

	     H5T_IEEE_F32LE
	Eyy

	     H5T_IEEE_F32LE
	Eyz

	     H5T_IEEE_F32LE
	Ezz


Note that the element names in PosCovMatrix differ from those on the Rep Return Data Model diagram; these are simpler to allow a variety of programming languages to access the data using the same names.
3.3.12 UnitVector

Table 13.  Datatype:  UnitVector

	Type
	Name

	H5T_COMPOUND
	

	     H5T_IEEE_F64LE
	x_component

	     H5T_IEEE_F64LE
	y_component

	     H5T_IEEE_F64LE
	z_component


3.3.13 LOSCovMatrix

Table 14.  Datatype: LOSCovMatrix

	Type
	Name

	H5T_COMPOUND
	

	     H5T_IEEE_F64LE
	Exx

	     H5T_IEEE_F64LE
	Exy

	     H5T_IEEE_F64LE
	Eyy


Note that the element names in LOSCovMatrix differ from those on the Rep Return Data Model diagram; these are simpler to allow a variety of programming languages to access the data using the same names.
3.3.14 CameraToVecQuat

Table 15.  Datatype:  CameraToVecQuat

	Type
	Name

	H5T_COMPOUND
	

	     H5T_IEEE_F64LE
	s1

	     H5T_IEEE_F64LE
	s2

	     H5T_IEEE_F64LE
	s3

	     H5T_IEEE_F64LE
	c


3.3.15 FocalPlaneError

Table 16.  Datatype:  FocalPlaneError

	Type
	Name

	H5T_COMPOUND
	

	     LOSCovMatrix (3.3.13)
	losBiasError

	     LOSCovMatrix (3.3.13)
	losRandomError

	     CameraToVecQuat (3.3.14

)
	losErrorToECEFRotation


3.3.16 VecRefFrame

Table 17.  Datatype:  VecRefFrame
	Type
	Name

	H5T_ENUM
	

	     H5T_STD_I32LE
	ECI-TOD (0)
ARF (1)


4 Dataspace

4.1 Attributes

Where HDF Attributes are used the dataspace will generally be scalar.  However, there may be instances of an attribute being a set.  These will be indicated in this document by [N ] after the respective datatype for the attribute, where N indicates the number of repeated elements.  An attribute may also be a compound datatype, or a set of compound data types.
4.2 Tables

Where HDF Datasets are used as tables the dataspace will be one-dimensional.  Each entry in the dataset represents a row in the table, and each element in the compound datatype defined for the dataset will represent the columns of the table.
4.3 Multi-Dimensional Datasets
When the model specifies multi-dimensional data, such as a raster, use the appropriate HDF5 dataspace.
This page is intentionally left blank.

5 JDOM RepReturn Products
The following sections address each component of the v1.0 Rep Return Data Model.  Generally, names, groups, datasets and datatypes will be presented for each component.  Groups and datasets may have some set of attributes, where each attribute will have a specified datatype.  All indicated attributes are required unless specified as optional.
Hierarchy and names will be specified via diagrams.  Nodes having a green outline indicate Groups, while orange outlines indicate Datasets.  Nodes having a purple background indicate that the component is optional.  The node may be highlighted by having a solid foreground color; this it to indicate the component of interest within a diagram.
N.B., the name indicated in the nodes specifies the HDF5 name of the respective group or dataset, unless otherwise specified.
The following is a sample diagram exemplifying the indicators.
[image: image1.png]Parent Group

Optional
Group

Dataset Table Optional Table





Figure 1.  Example diagram.
5.1 DataModelHeader

5.1.1 Hierarchy

The root group “/” of the HDF file will be used as the DataModelHeader.
5.1.2 Attributes

Table 18.  Attributes:  DataModelHeader

	Type
	Name
	Optional

	TimeStamp (3.3.2)
	creationDate
	No

	string(3.2.1) {80}
	modelVersion
	No

	SecurityClassification (3.3.3)
	overallClassification
	No

	string(3.2.1) {2000}
	comments
	Yes

	bool (3.3.1)
	dataGeneratedViaExercise
	No

	DataType (3.3.4)
	dataPedigree
	No

	Note[1..256] (3.3.5)
	poc
	No


The first Note is inserted by the originator of the file; subsequent Notes are added to others who may alter or add comments to the file.

5.2 Platform

5.2.1 Hierarchy

Since there may be more than one Platform, a parent group will be used to contain all instances.  Each will have its own group, named according to its id.
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Figure 2.  Hierarchy:  Platform
5.2.2 Attributes

The attributes in the following table are associated with each Platform group respective of the id.  The parent group “Platform” has no attributes.
Table 19.  Attributes:  Platform

	Type
	Name
	Optional

	 string(3.2.1) {80}
	name
	No

	int (3.1)
	ironNumber
	No

	int (3.1)
	id
	No

	DataGenMode (3.3.4)
	dataPedigree
	No


5.3 Ephemeris

5.3.1 Hierarchy
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Figure 3.  Hierarchy:  Ephemeris
5.3.2 Datatypes

The datatypes defined in the following section will be used in the Ephemeris datasets.  These datatypes may also be referenced elsewhere.  Note that the names do not exactly match those in the Rep Return Data Model diagram; this is due to the fact that this structure does not exactly mimic that in the Rep Return Data Model diagram and so some of the relationship information is lost and must be resurrected in the naming.  
5.3.2.1 Ephemeris

Table 20.  Datatype:  Ephemeris

	Type
	Name

	H5T_COMPOUND
	

	     TimeStamp (3.3.2)
	time

	     bool (3.3.1)
	simDataFlag

	     StateVector (3.3.10)
	stateVectorECEF


5.3.2.2 ECIStateVec

Table 21.  Datatype:  ECIStateVec

	Type
	Name

	H5T_COMPOUND
	

	     StateVector (3.3.10)
	stateVectorECI


5.3.2.3 PositionErrors

Table 22.  Datatype:  PositionErrors

	Type
	Name

	H5T_COMPOUND
	

	     PosCovMatrix (3.3.11)
	biasError

	     PosCovMatrix (3.3.11)
	randomError


5.3.3 Datasets
5.3.3.1 Ephemeris
The collection of Ephemeris data is stored in an HDF5 dataset table.  The dataset has datatype, Ephemeris (5.3.2.1).  Note that this collection of data is in ECEF coordinates.
5.3.3.2 EphemerisECEFPositionErrors

When the optional PositionErrors data is used with the Ephemeris data, an additional table is provided.  The table has the name “Ephemeris->PositionErrors”, and has datatype, PositionErrors (5.3.2.3).  Each entry in this table relates to the entry at the same position in the Ephemeris table.
5.3.3.3 EphemerisECIStateVec

When the optional ECIStateVec data is used with the Ephemeris data, an additional table is provided.  The table has the name “ECIStateVec->PositionErrors”, and has datatype, ECIStateVec (5.3.2.2).  Each entry in this table relates to the entry at the same position in the Ephemeris table.
5.3.3.4 EphemerisECIPositionErrors
When the optional PositionErrors data is used with the ECIStateVec data, an additional table is provided.  The table has the name “ECIStateVec->PositionErrors”, and has datatype, PositionErrors (5.3.2.3).  Each entry in this table relates to the entry at the same position in the Ephemeris table.
5.4 Sensor

5.4.1 Hierarchy

Since there may be more than one Sensor, a parent group will be used to contain all instances.  Each one will have its own group, named according to its id.
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Figure 4.  Hierarchy:  Sensor
5.4.2 Attributes
The attributes in the following table are associated with each Sensor group respective of the id.  The parent group “Sensor” has no attributes. 
Table 23.  Attributes: Sensor

	Type
	Name
	Optional

	string(3.2.1) {80}
	name
	No

	int (3.1)
	id
	No

	ScannerMode (3.3.6)
	scannerMode
	Yes

	SensorType (3.3.7)
	sensorType
	No

	DataGenMode (3.3.4)
	dataPedigree
	Yes


5.5 Sensor Scene
5.5.1 Hierarchy
Since there may be more than one SensorScene, a parent group will be used to contain all instances.  No unique identifier is indicated for this component in the JDOM.  Each newly created one will be named according to some user-supplied index.
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Figure 5.  Hierarchy:  SensorScene
5.5.2 Datatype Definitions
The datatypes defined in the following section will be used in the SensorScene attributes.  These datatypes may also be referenced elsewhere.
5.5.2.1 SensingElementConfiguration
Table 24.  SensingElementConfiguration

	Type
	Name

	H5T_COMPOUND
	

	     float (3.1)
	lowWavelength

	     float (3.1)
	highWavelength

	     float (3.1)
	expectedRevisitTime

	     int (3.1)
	focalPlaneIdentifier


5.5.3 Attributes

The attributes in the following table are associated with each SensorScene group.

Table 25.  Attributes:  SensorScene

	Type
	Name
	Optional

	TimeStamp (3.3.2)
	startingTime
	No

	TimeStamp (3.3.2)
	endingTime
	No

	SensingElementConfiguration (5.5.2.1)
	sensingElementConfiguration
	No

	DataGenMode (3.3.4)
	dataPedigree
	Yes


5.6 RepReturn
5.6.1 Hierarchy
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Figure 6.  Hierarchy:  RepReturn
5.6.2 Datatypes

The datatypes defined in the following section will be used in the RepReturn datasets.  These datatypes may also be referenced from elsewhere.
5.6.2.1 RepReturn

Table 26.  Datatype:  RepReturn

	Type
	Name

	H5T_COMPOUND
	

	     double (3.1)
	spmUTC

	     float (3.1)
	intensity

	     float (3.1)
	assumedRange

	     float (3.1)
	tgtLikelihoodScore

	     bool (3.3.1)
	simDataFlag

	     UnitVector (3.3.12)
	LOSVectorECEF


5.6.2.2 AlternateVector
Table 27.  Datatype:  AlternateVector

	Type
	Name

	H5T_COMPOUND
	

	     UnitVector (3.3.12)
	LOSVector

	     VecRefFrame (3.3.16

 REF _Ref289762001 \r \h  \* MERGEFORMAT 
)
	vectorRefType


5.6.3 Datasets

5.6.3.1 RepReturn
The collection of RepReturn data is stored in an HDF5 dataset table.  The dataset has datatype, RepReturn (5.6.3.1).
5.6.3.2 RepReturnSNR

When the optional SNR data is used with the RepReturn data, an additional table is provided.  The table has the name “RepReturn->SNR”, and has datatype, float (3.1).  Each entry in this table relates to the entry at the same position in the RepReturn table.
5.6.3.3 RepReturnLOSError
When the optional LOSError data is used with the RepReturn data, an additional table is provided.  The table has the name “RepReturn->LOSError”, and has datatype, FocalPlaneError (3.3.15).  Each entry in this table relates to the entry at the same position in the RepReturn table.
5.6.3.4 RepReturnAlternateVector

When the optional AlternateVector data is used with the RepReturn data, an additional table is provided.  The table has the name “RepReturn->AlternateVector”, and has datatype, AlternateVector (5.6.2.2).  Each entry in this table relates to the entry at the same position in the RepReturn table.
5.7 FieldOfView

5.7.1 Hierarchy

The FieldOfView model is represented as a group which belongs to a particular SensorScene.[image: image7.png]SensorScene

<index>

RepReturn->
SHR

RepReturn->
LOSError

RepReturn->
RepReturn P FieldOfview SubScene

AlternateVector





Figure 7.  Hierarchy:  FieldOfView
5.7.2 Datatype Definitions

The datatypes defined in the following section will be used in the FieldOfView attributes.  These datatypes may also be referenced elsewhere.
5.7.2.1 Boresight
Table 28.  Datatype:  Boresight

	Type
	Name

	H5T_COMPOUND
	

	     UnitVector (3.3.12)
	LOSVectorECEF


5.7.3 Attributes

Table 29.  Attributes:  FieldOfView

	Type
	Name
	Optional

	TimeStamp (3.3.2)
	time
	No

	bool (3.3.1)
	simDataFlag
	No

	Boresight (5.7.2.1)
	Boresight
	No

	AlternateVector (5.6.2.2)
	BoresightAlternateVector
	Yes


5.8 FOV
5.8.1 Hierarchy
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Figure 8.  Hierarchy:  FOV
5.8.2 Datatypes
The datatypes defined in the following section will be used in the FOV datasets.  These datatypes may also be referenced elsewhere.
5.8.2.1 FOV
Table 30.  Datatype:  FOV

	Type
	Name

	H5T_COMPOUND
	

	     UnitVector (3.3.12)
	LOSVectorECEF


5.8.3 Datasets

5.8.3.1 FOV

The collection of FOV data is stored in an HDF5 dataset table.  The dataset has datatype, FOV (5.8.2.1).  This dataset must contain three or more entries.
5.8.3.2 FOVAlternateVector

When the optional AlternateVector data is used with the FOV data, an additional table is provided.  The table has the name “FOVAlternateVector”, and has datatype, AlternateVector (5.6.2.2).  If this data is provided, this dataset must contain three or more entries.  There is no relationship between the entries in this dataset and that in the prior dataset (FOV); they may have a different number of entries.
5.9 Footprint
5.9.1 Hierarchy
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Figure 9.  Hierarchy:  Footprint
5.9.2 Datatypes
The datatypes defined in the following section will be used in the Footprint datasets.  These datatypes may also be referenced elsewhere
5.9.2.1 Point
Table 31.  Datatype:  Point
	Type
	Name

	H5T_COMPOUND
	

	          float (3.1)

	gdLatitude

	          float (3.1)

	longitude

	          float (3.1)

	altitude


5.9.3 Datasets
5.9.3.1 Footprint

The collection of Point data is stored in an HDF5 dataset table named Footprint.  The dataset has datatype, Point(5.9.2.1).  This dataset must contain three or more entries.
5.10 SubScene

5.10.1 Hierarchy
Since there may be more than one SubScene, a parent group will be used to contain all instances.  No unique identifier is indicated for this component in the Rep Return Data Model.  Each newly created one will be named according to some user-supplied index.
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Figure 10.  Hierarchy:  SubScene
5.10.2 Attributes & Objects
Apart from the hierarchy differences, this component has all the same characteristics as the SensorScene.  Thus it shares all of the same attributes and objects elements as a SensorScene, except for itself lacking a child SubScene.
This page is intentionally left blank.
1
NGA/InnoVision Data Standards Branch

Information Integration Office, ISR Integration Division (NGA/IID)

	4
	



[image: image12.jpg]


