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7 Reference datums, embeddings, and object reference models
7.1. Introduction

This International Standard specifies reference datums as geometric constructs that can be bound to define an aspect of a normal embedding of position-space into object-space. Reference datum binding identifies a reference datum in position-space with a corresponding constructed entity in object-space. 

A normal embedding is a position-space model of object-space formed by a one-to-one distance preserving function of positions in position-space to points in object-space which establishes a basis for modelling that object-space with coordinate systems. 

When reference datums are bound with properly constrained geometric constructs in object-space a unique normal embedding is determined. Such a constrained set of reference datums is called an object reference model. The sets of reference datums and compatible binding constraints that can be used to realize such object reference models are abstracted in the notion of an object reference model template.

Object reference model realizations for specific celestial objects and the relationships between two such realizations for the same object are specified.

7.2. Reference datums

7.2.1 Introduction

A reference datum  XE "reference datum"  (RD) is a geometric construct in position-space that is used to specify an aspect of an embedding of position-space into object-space. In this International Standard, reference datums are defined for 1D, 2D, and 3D position-space. In the 3D case, this International Standard specifies a small set of reference datums for use in its own specifications, however this set is not intended to be exhaustive. Users of this International Standard may specify additional reference datums by registration in accordance with Clause 12.

7.2.2 Reference datums

In this International Standard, an RD is expressed analytically in position-space and corresponds to a geometric construct in object-space. These geometric constructs are limited to a point, a directed curve or an oriented surface. The analytic form of the position-space representation and the corresponding object-space geometric representation is described by category and position-space dimension in Table 7.1. An RD of a given category is specified by the parameters and/or the analytic expression of its position-space representation.

Table 7.1 — RD categories

	Category
	Position-space representation
	Object-space
representation

	
	1D
	2D
	3D
	

	Point
	(a)

real a
	(a, b)

real a, b
	(a, b, c)

real a, b, c
	a position in object-space

	Directed curve
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	a curve in object-space with a designation of direction along the curve

	Oriented surface
	
	
	
[image: image3.wmf].

Implicit definition

()0

Positive side of 

surface  (orientation):

()0

f

f

=

>

p

p


	a surface in object-space with a designation of one side as positive


This International Standard specifies 3D RDs by RD category in Table 7.3 through Table 7.5. The fields of those tables are defined in Table 7.2. 3D RDs based on spheroids are described in 7.2.3 and 7.2.4 and specified in Annex D or by registration in accordance with Clause 12. 

Table 7.2 — RD specification fields

	Field
	Definition

	RD label
	The label (see 12.2.2).

	Description
	A description of the RD including any common name for the concept.

	Position-space representation
	The analytic formulation of the RD in position-space

	RD code
	The code (see 12.2.3).


Table 7.3 — 3D RDs of category point

	RD label
	Description
	Position-space representation
	RD code

	RD_3D_ORIGIN
	Origin
	(0,0,0)
	1

	RD_3D_X_UNIT_POINT
	x-axis unit point
	(1,0,0)
	2

	RD_3D_Y_UNIT_POINT
	y-axis unit point
	(0,1,0)
	3

	RD_3D_Z_UNIT_POINT
	z-axis unit point
	(0,0,1)
	4


Table 7.4 — 3D RDs of category directed curve

	RD label
	Description
	Position-space representation
	RD code

	RD_3D_X_AXIS
	x-axis
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	RD_3D_Y_AXIS
	y-axis
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	RD_3D_Z_AXIS
	z-axis
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Table 7.5 — 3D RDs of category oriented surface

	RD label
	Description
	Position-space representation
	RD code

	RD_3D_XY_PLANE
	xy-plane
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	RD_3D_XZ_PLANE
	xz-plane
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	RD_3D_YZ_PLANE
	yz-plane
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7.2.3 RDs of category oriented surface based on spheroids

The RDs specified in this International Standard include 3D RDs of category oriented surface for oblate spheroids (including the special case of sphere), prolate spheroids, and tri-axial spheroids. These RDs occur frequently enough that their surface generating functions are specified based upon certain geometrically-defined parameters. The position-space representations of oblate and prolate spheroid RDs are expressed in the form:
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When 
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 an RD of this form is an oblate spheroid RD XE "oblate spheroid RD"  with major semi-axis a and minor semi-axis b, as illustrated in Figure 7.1. 

When 
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 an oblate spheroid RD may be called a sphere RD XE "sphere RD" . In this case the value 
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 is the radius of the sphere RD.
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 an RD of this form is a prolate spheroid RD XE "prolate spheroid RD"  with major semi-axis b and minor semi-axis a, as illustrated in Figure 7.1.
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Figure 7.1 — Oblate and prolate spheroids

Instead of specifying the parameters of these RDs as major semi-axis, a, and minor semi-axis, b, it is both equivalent and sometimes convenient to use the major semi-axis, a, and inverse flattening ratio f -1 as defined in Equation (7.2). The minor semi-axis can be expressed in terms of the major semi-axis, a, and by Equation (7.3).
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The position-space representation of a tri-axial spheroid RD is expressed in the form: 
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The semi-axes a, b, and c are non-zero.

7.2.4 RDs associated with celestial objects

In the case of spheroid RDs intended for modelling aspects of celestial objects, published parameter values for these objects are used. The specification of these RDs includes the published spheroid parameters and the identification of the associated celestial object. The specification elements are defined in Table 7.6. 

Table 7.6 — Celestial object RD specification fields

	Field
	Specification

	RD label
	The label (see 12.2.2).

	Description
	Description including name as published or as commonly known.

	Celestial object
	The name of the celestial object.

	Parameters
	Oblate spheroid case
	Major semi-axis, a 

Inverse flattening, f –1

	
	Sphere case
	Radius, r 

	
	Prolate spheroid case
	Minor semi-axis, a

Major semi-axis, b

	
	Tri-axial spheroid case
	Semi-axis, a
Semi-axis, b
Semi-axis, c

	RD code
	The code (see 12.2.3).

	Reference type
	The reference type (see 12.2.5).

	References
	The references (see 12.2.5).


The RDs associated with celestial objects are specified in Annex D and Annex J. Table 7.7 is a directory of these RDs organized by type of spheroid. The semi-axis and radius parameters are unit-less in position-space, but are bound to metre lengths when the RD is identified as a corresponding celestial object-space construct.

Table 7.7 — Celestial RD specification table locations

	Type of spheroid
	RD table

	Oblate spheroid
	Table D.2 and Table J.2

	Sphere
	Table D.3 and Table J.3

	Prolate spheroid
	Table D.4 and Table J.4

	Tri-axial spheroid
	Table D.5 and Table J.5


Additional RDs associated with celestial objects may be specified by registration in accordance with Clause 12.

7.2.5 RD binding

An RD is bound XE "bound RD"  when the RD is identified with a corresponding constructed entity in object-space. Corresponding means that each RD is bound to a constructed entity of the same geometric object type; that is points are bound to identified points, directed lines to constructed lines, directed curves to constructed curves, oriented planes to constructed planes, and oriented surfaces to constructed surfaces. 

Figure 7.2 illustrates two distinct bindings of a point RD. On the left, it is bound to a specific point in the abstract object-space of a CAD model. On the right, it is bound to a point on an object in physical object-space that has been manufactured from that CAD model.
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Figure 7.2 — An RD bound to an abstract object and to a real object

In this International Standard, in the case of physical objects, one unit in position-space corresponds to one metre in object-space. In the case of abstract objects, one unit in position-space corresponds to the designated length scale unit in object-space.

7.3. Embedding position-space into object-space

7.3.1 Introduction

An embedding is a position-space model of object-space formed by a one-to-one function of positions in position-space to points in object-space.

7.3.2 Normal embeddings

A normal embedding is a function E from position-space into object-space such that for any n-tuples p and q in position-space the measured distance in object-space from E(p) to E(q) in metres is the Euclidean distance d(p, q).
In all dimensions of position-space, the point E(0) is the origin XE "origin of the embedding"  of the embedding, and the point E(e1) is the x-axis unit point of the embedding.

If the dimension of position-space is 2D or 3D, the point E(e2) is the y-axis unit point of the embedding.

If the dimension of position-space is 3D, the point E(e3) is the z-axis unit point of the embedding.

A normal embedding of a 3D position-space is right-handed XE "right-handed embedding"  if the triangle formed by the three x-axis unit point, y-axis unit point, and z-axis unit point in order has a clockwise orientation when viewed from the origin of the embedding. Otherwise, the embedding is left-handed. 

A right-handed normal embedding is illustrated in Figure 7.3 (where the y-axis and z-axis are in the plane of the presentation, and the x-axis is directed generally towards the observer). 

All 3D normal embeddings in this International Standard shall be right-handed.
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Figure 7.3 — A right-handed normal embedding

NOTE 1
A normal embedding is necessarily one to one. In a normal embedding, the lines associated with the position-space axes are necessarily orthogonal. 

Note 2
Table 7.3 defines four point category reference datums that may be bound as follows. RD_3D_ORIGIN: (0, 0, 0) is identified as the origin of the embedding. RD_3D_X_UNIT_POINT: (1, 0, 0) is identified as the x-axis unit point. RD_3D_Y_UNIT_POINT: (0, 1, 0) is identified as the y-axis unit point. RD_3D_Z_UNIT_POINT: (0, 0, 1) is identified as the z-axis unit point.

7.3.3 Specification of 3D normal embeddings

An object-space may have many normal embeddings of 3D position-space. Given two 3D embeddings into the same object-space, one embedding can be expressed in terms of the other embedding. E1 and E2 denote two such embeddings. In general, the origin of the E2 embedding may be displaced with respect to the origin if the E1 embedding and the axes of the E2 embedding may also be rotated and/or differently scaled with respect to the axes of the E1 embedding. The following notation is used: p is a point in the object-space and embedding E1 associates
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where:
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and where:
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Figure 7.4 — 3D normal embedding relationships

The scale adjustment is needed to account for differing length scales in abstract object-space. In the case of physical object-space, small non-zero values of 
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 may be required. This is addressed in 7.4.5.

The convention of viewing the rotations with respect to E1 is the position vector rotation XE “position vector rotation"  convention. The coordinate frame rotation XE "coordinate frame rotation"  convention views rotations with respect to E2 instead of E1. The rotations 
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 in Equation (7.5) are position vector rotations. If coordinate frame rotations are used, the rotations reverse sign (see Figure 7.5).

Note 1
Sign reversal does not affect cosine terms in the equation. Only the sine terms reverse sign.
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Figure 7.5 — Rotation from E1 to E2 in two conventions

NOTE 2
The Bursa-Wolfe small rotation approximation of the seven parameter transformation is described in Annex B.

The seven parameter embedding specification of E2 with respect to E1 XE "seven parameter embedding"  is defined by the seven parameter values 
[image: image38.wmf]123

, , , , , , and 

xyzs

www

DDDD

 in the position vector rotation convention (as in Equation (7.5)

). 

NOTE 3
In the cases that 
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7.4. Object reference models

7.4.1 Introduction

A normal embedding of position-space establishes a basis for modelling that object-space with spatial coordinates. RDs bound with properly constrained geometric constructs in object-space can determine a unique normal embedding and consequently a model of the object-space, called an object reference model. Of particular interest are object reference models which include an oriented surface RD which models a surface significant to the object. The sets of RDs and compatible binding constraints that can be used to realize such object reference models are abstracted in this International Standard in the notion of object reference model templates.

7.4.2 ORM

A normal embedding of position-space into object-space is compatible with an RD binding if the image of the locus of the RD in position-space is coincident with the points (and direction or orientation, as applicable) of the geometric construction of the binding.

An object reference model (ORM) for a spatial object is a set of RDs bound by identification with geometric constructions in object-space for which there exists exactly one normal embedding of position-space into object-space which is compatible with each RD binding in the set. In the 3D case, this unique embedding shall also be right-handed. 

An ORM is object-fixed if the binding measurements (for example: positions, directions) are fixed with respect to the embedding of position-space from the time of the binding, otherwise it is called object-dynamic. The object-fixed definition assumes that the object itself is not changing in time by an amount significant for the accuracy and time scale of an application. The embedding of position-space determined by an ORM is, correspondingly, either an object-fixed embedding  XE “object-fixed embedding" or an object-dynamic embedding XE "object-dynamic embedding" .

An ORM is often selected to contain one or more RDs of category oriented surface to correspond to (physical or conceptual) surface(s) which is significant to the modelled spatial object. An RD is chosen and its position with respect to the object is bound so that that the RD instance is a “best fit” to the object in some application-specific sense. In particular, if the RD surface is “fitted” to a specific part of the object surface, the ORM is a local model XE “local model" . If the RD is selected to best fit the entire surface, the ORM is a global model XE "global model" 
An Earth reference model (ERM) XE "Earth reference model"  is an ORM for which the specified object is Earth.

EXAMPLE 1
If the object is a planet, then an ORM containing a spheroid RD is usually selected, to model all or part of the general shape of the planet.
NOTE 1
The constructed point in object-space to which RD_3D_ORIGIN is bound is the origin of an embedding if, and only if, that embedding is compatible.

NOTE 2
The directed line constructed in object-space to which RD_3D_X_AXIS is bound is the locus of the x-axis image under a compatible embedding, and similarly for other axis RDs.

7.4.3 Binding constraint

In an ORM, the existence of a unique and compatible normal embedding depends on establishing certain geometric relationships, called binding constraints, when the RDs are bound. 

A binding constraint XE "binding constraint" is a relationship in object-space between two or more geometric constructions corresponding to RD bindings. Binding constraints used in this International Standard include:

1. containment of a point in a curve or a surface, 

2. containment of a curve in a surface, 

3. coincidence of a line with an axis of symmetry of a surface, 

4. in the 3D case, the right-handedness of sets of directed lines or oriented planes, or 

5. distance measurement in object-space between points. 

In this International Standard every abstract object-space has an associated length scale. The term “(scaled) metres” in a binding constraint shall mean “metres” in the case of physical objects and shall mean “length scaled to metres with respect to the length scale of object-space” in the case of abstract objects.

7.4.4 ORM template

ORMs that have similar RDs and that have the same binding constraints are abstracted in the notion of an ORM template:

An ORM template (ORMT) XE "ORM template"  is a set of RDs and binding constraints such that when each RD in the set is bound in conformance to the binding constraints, the bound set of RDs is an ORM. 

A realization XE "ORMT realization"  of an ORMT is an ORM that is specified by binding each RD in the RD set of the ORMT in conformance to its binding constraints.

An ORMT is minimal XE "minimal ORMT"  if removing any RD or binding constraint results in a set of RDs and binding constraints that is no longer an ORMT.

This International Standard specifies a set of minimal ORMTs for 3D position-space in Table 7.9. The specification elements are defined in Table 7.8. Additional ORMTs may be registered in accordance with Clause 12.

Table 7.8 — ORMT specification fields

	Field
	Definition

	ORMT label
	The label (see 12.2.2).

	ORMT specification
	Description
	A description of an ORM realization of the template.

	
	RD set
	A list of RDs in the set.

	
	Binding constraints
	Binding constraints. 

	
	Notes
	Notes.

	ORMT code
	The code (see 12.2.3).


Table 7.9 — 3D ORMT specifications

	ORMT label
	ORMT specification
	ORMT code

	ORMT_3D_SPHERE
	Description: 3D sphere with designated directional axis and xz-plane

RDs:

RD 1. 
The sphere RD with radius r.
RD 2. 
RD_3D_Z_AXIS
RD 3. 
RD_3D_XZ_PLANE
Binding constraints:
BC 1.
The constructed directed line bound to RD 2 shall contain the centre of the constructed sphere bound to RD 1.

BC 2.
The constructed plane bound to RD 3 shall contain the constructed directed line bound to RD 2.

BC 3.
The radius of the constructed sphere bound to RD 1 shall be r (scaled) metres.

Notes:

1. The centre of the constructed sphere bound to RD 1 determines the origin of the embedding. 

2. The constructed directed line bound to RD 2 passing through the origin of the embedding uniquely determines the z-axis of the embedding. 

3. The plane through the origin of the embedding perpendicular to the z-axis of the embedding determines the xy-plane of the embedding. The constructed plane bound to RD 3 determines the xz-plane of the embedding. The intersection of the constructed xz-plane with the xy-plane is the locus of the x-axis of the embedding. The positive side of the xz-plane is designated in the binding and together with the direction of the z-axis of the embedding determines the direction of the x-axis of the embedding. 

4. The line perpendicular to the xz-plane of the embedding through the origin of the embedding determines the locus of the y-axis of the embedding. Its direction is determined by the right-handedness of the embedding. 

5. The distance binding constraint BC 3 is required for compatibility with a normal embedding.
	1

	ORMT_3D_OBLATE_-SPHEROID
	Description: 3D oblate spheroid with designated minor axis direction and xz-plane

RDs:

RD 1. The oblate sphere RD with major semi-axis a and minor semi-axis b.
RD 2. RD_3D_Z_AXIS
RD 3. RD_3D_XZ_PLANE
Binding constraints:
BC 1. The spatial plane RD 3 shall contain the minor axis of the spatial oblate spheroid RD 1.

BC 2. The spatial z-axis RD 2 shall coincide with the minor axis of the spatial oblate spheroid RD 1.

BC 3. The RD 1 length of the spatial major semi-axis shall be a (scaled) metres and the length of the minor semi-axis shall be b (scaled) metres.

Notes:

1. The centre of the constructed oblate spheroid bound to RD 1 determines the origin of the embedding. 

2. The constructed directed line bound to RD 2 passing through the origin (as required by BC 1) uniquely determines the z-axis of the embedding. 

3. The z-axis of the embedding determines the xy-plane as the perpendicular plane through the origin of the embedding. BC 2 requires the bound xz-plane to contain the z-axis. The line formed by the intersection of the bound xz-plane with the xy-plane is the x-axis line. The positive side of the constructed plane bound to RD 3 determines the xz-plane and together with the direction of the z-axis determines the direction of the x-axis. 

4. The y-axis is determined by the required right-handedness of the embedding. 

5. The distance binding constraint, BC 3, is required for compatibility with a normal linear embedding.
	2

	ORMT_3D_PROLATE_-SPHEROID
	Description: 3D prolate spheroid with designated major axis direction and xz-plane

RDs
RD 1. The prolate sphere RD with minor semi-axis a and major semi-axis b.
RD 2. RD_3D_Z_AXIS
RD 3. RD_3D_XZ_PLANE
Binding constraints:
BC 1. The spatial plane shall contain the major axis of the spatial prolate spheroid.

BC 2. The spatial z-axis shall coincide with the major axis of the spatial oblate spheroid.

BC 3. The length of the spatial major semi-axis shall be b (scaled) metres and the length of the minor semi-axis shall be a (scaled) meters.
	3

	ORMT_3D_-TRI_AXIAL_ SPHEROID
	[Editors note: to be supplied]
	4

	ORMT_3D_BI_-AXIS_ORIGIN
	Description: x- and y-axes determined by directed perpendicular lines passing through the origin

RDs:

RD 1. 
RD_3D_ORIGIN
RD 2.
RD_3D_Z_AXIS
RD 3.
RD_3D_X_AXIS
Binding constraints:
BC 1.
The constructed point bound to RD 1 shall be contained in the constructed directed line bound to RD 2 and the constructed directed line bound to RD 3.

BC 2
.
The constructed directed lines bound the RD 2 and RD 3 shall be perpendicular.

Notes:

1. The constructed point bound to RD 1 determines the origin of the embedding.

2. The perpendicular directed lines passing through the origin uniquely determine the z-axis and x-axis of the embedding. 

3. The y-axis is determined by the required right-handedness of the embedding.
	5

	ORMT_3D_TRI_PLANE
	Description: Origin determined by the intersection of three planes

RDs:

RD 1. 
RD_3D_XZ_PLANE
RD 2. 
RD_3D_XY_PLANE
RD 3. 
RD_3D_YZ_PLANE
Binding constraints:
BC 1. 
The spatial planes shall be pair-wise perpendicular.

BC 2. 
Collective orientations shall be right-handed.

Notes:

1. The intersection of all three planes RD 1, 2 and 3 determine the origin of the embedding. 

2. The intersection of the xz-plane RD 1 and the xy-plane RD 2 determine the line of the x-axis. 

3. The positive side designations of the two planes RD 1 and 2 together with the right-handedness requirement determines the positive x-axis direction. The directed line and the origin point determine the x-axis of the embedding. 

4. The z- and y-axes of the embedding are similarly determined. 

5. The collective orientation binding constraint BC2 is required for compatibility with the right-handedness requirement.
	6


The specification of an ORMT does not determine an embedding. An embedding is determined when an ORMT is realized as an ORM. 

EXAMPLE 2
An ORM realization of the ORMT_3D_OBLATE_SPHEROID (see Table 7.9) is constructed from an oblate spheroid RD (with specified parameter values a and b), an RD_3D_Z_AXIS and an RD_3D_XZ_PLANE. Each RD identifies a position-space construct with a corresponding geometric construct realized in the object-space of a specific spatial object. One method for the realization of these geometric constructs in compliance with the binding constraints of this ORMT is to specify by direct or indirect measurement in object-space the following:
a. a point on the spatial oblate spheroid surface, 

b. the direction of the oblate spheroid outward surface normal at the point, 

c. the positive direction of the z-axis (which coincides with the oblate spheroid minor axis as a binding constraint), and

d. the positive normal direction of the xz-plane (which is perpendicular to the z-axis direction since the z-axis line is contained in the plane as a binding constraint).

Specifications 7.4.4.a - 7.4.4.c determine a unique oblate spheroid surface in the object-space. The equatorial plane of the oblate spheroid is (by compatibility with the oblate spheroid surface generating function) the xy-plane, and its intersection with the oblate spheroid axis of rotation determines the origin point and the z-axis. 7.4.4.d together with the origin and the xy-plane determine the x-axis. Since there is one, and only one, oriented yz-plane which is both perpendicular to the xz-plane and right-handed compatible, the right-handed orthonormal embedding is uniquely determined (see Figure 7.6). 
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Figure 7.6 — Oblate spheroid ORMT binding

EXAMPLE 3
The North American Datum 1927 may be specified as an oblate spheroid ORM with the Clarke 1866 ellipsoid (RD_CLARKE_1866 in Table D.2) oblate spheroid RD and bound to the Earth object-space as follows: 
a. the direction of the z-axis is specified as the north direction of the Earth’s rotational axis,

b. a position (latitude 39° 13’ 26,686” N) on the ellipsoid is identified to a position in the Earth object-space (Meades Ranch, Kansas, United States),

c. the direction of the surface normal to the ellipsoid is specified (( = -1,32 ( = 1,93), and

d. the direction of the positive xz-plane normal is indirectly determined by specifying the longitude of Meades Ranch (98° 32’ 30,506” W).

The preceding examples illustrate the concept that RDs can be bound to an appropriate spatial object in accordance to an ORMT and thereby effect an ORM realization which determines a normal embedding of position-space.

NOTE 1
7.4.4 Example 3 is based on a published specification of the North American Datum 1927, however the actual binding methodology used was a complex process involving a mathematical best fit of the Clarke 1866 ellipsoid to a network of geodetic survey control points spanning the continental United States. 

NOTE 2
Realization and binding techniques draw from disciplines ranging from astronomy, surveying, and geophysics to satellite geodesy. In general, there are many ways to realize an ORMT for a spatial object. Binding techniques and methodologies are outside of the scope of this International Standard. 

EXAMPLE 4
[Editors note: Provide a CAD/CAM example, perhaps 2D using offset X and Y.]

EXAMPLE 5
In Figure 7.6, if the point used to bind an ORMT_3D_OBLATE_SPHEROID realization is not a polar point and if the xy-plane is bound to the (unique) plane which contains that point (in addition to containing the oblate spheroid axis), the point and directions will be fixed with respect to the 3D embedding, and the ORM is object-fixed. 

In contrast, if the celestial object in the example is the Earth, and instead of binding the xy-plane to contain the point used to bind the oblate spheroid RD, it is bound as the (unique) plane that contains the centre of the Sun (in addition to containing the oblate spheroid axis). In that binding, the point and its oblate spheroid surface move in a manner that depends on both the Earth’s rotation and its orbital position and therefore the ORM is object-dynamic.

7.4.5 Standardized ORMs 

The ORMs specified in this International Standard, are ORMT realizations. Standardized ORMs shall include:

a.
a specification of the spatial object and optionally a region in object-space,

b. a specification of the ORM template, 

c. a specification of the spheroid RD (if any), and

d. the publication date.

A standardized ORM does not include a specification of the binding. The binding specification is not directly needed for the scope of this International Standard. An ORM indirectly designates a unique embedding. A specification of an ORM embedding is important when two or more ORMs have been specified for the same spatial object. To inter-convert between spatial relationships with respect to two different embeddings, one embedding shall be expressed in terms of the other embedding, or both shall be expressed in terms of a third (reference) embedding. 

If two or more object-fixed ORMs for the same object are specified (or registered), then one of the ORMs shall be designated as the reference ORM for that object.

A standardized object-fixed ORM shall either be the reference ORM for the object or its specification shall additionally include the seven parameter specification of the embedding of the ORM with respect to the embedding of the reference ORM for the object.

NOTE 1
The scale adjustment component of the seven parameter specification is needed to account for differing length scales in abstract object-space. Theoretically, 
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 for two embeddings for a physical object-space. In practice, when the embeddings are indirectly determined by the RD bindings of an ORM, the determination of the parameters is a result of a mathematical best fit and the seventh parameter (
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) is used to provide an additional degree of freedom to achieve the desired accuracy in the region of interest. In the case of the object Earth, published values for 
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 are typically one part per million in magnitude (10-6) or smaller.

The reference ORM for Earth is ORM_WGS_1984 which is an Earth-fixed global model. A directory of reference ORMs is provided in Table E.1.

The elements of an ORM specification are defined in Table 7.10. Standardized ORMs are specified in Annex E and Annex J. Additional ORMs may be registered in accordance with Clause 12.

Table 7.10 — ORM specification fields

	Field
	Definition

	Label
	The label (see 12.2.2).

	Code
	The code (see 12.2.3).

	Date published
	Publication date

	Object name
	Name of the object and optionally a description.

	Object type
	The object type (see Figure 4.1).

	Description
	Description of the ORM including name as published or as commonly known.

	Region
	Description of the subset of object-space to which the model applies.

If the ORM is local, a description of the local region.

	ORMT
	The ORM template label.

	RD parameterization
	The label of the spheroid RD if any, otherwise “N/A”.
[Editors Note: This may be too restrictive for (future) registered ORMTs.]

	Binding
	If object-fixed, either the designation “Reference ORM” or the values of the seven parameters 
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 with respect to the object reference ORM.

If dynamic, a description of the binding.

If the ORM is an Earth-fixed ERM and if Greenwich, United Kingdom, is not contained in the x-positive half plane of the xz-plane of the embedding, then the significant location contained in the x-positive half plane of the xz-plane of the embedding shall be noted.

To avoid loss of precision, 
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are in units of arc seconds
 (“) and, in cases of a large rotation, in arc degrees (°).

	Reference type
	The reference type (see 12.2.5).

	Reference
	The references (see 12.2.5).


NOTE 2
 In the case of Earth fixed ERM bindings axis rotations are either zero, or are very small with the following exceptions:

a. Cases for which the xz-plane does not contain Greenwich, United Kingdom have relatively large 
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 rotations.

b. The Earth fixed approximations of dynamic geomagnetic ERMs (7.5.7) have large 
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 rotations (see Table 7.20). 

NOTE 3 
A horizontal datum
 that is global or geocentric is used as a basis for establishing a geocentric SRF (see 8.5.2). If geocentric coordinates are associated to a 3D linear embedding, then such a datum is conceptually equivalent to an ERM. The WGS 84 global datum (see [83502T]) is conceptually equivalent to the ORM_WGS_1984 in Table E.4.

NOTE 4
A local (horizontal) datum is not necessarily conceptually equivalent to a local ERM. A local datum typically specifies a reference spheroid RD to model the curvature of the Earth when assigning geodetic coordinates to control points in a geodetic network, but these assignments do not necessarily fix the position of the reference RD in an unambiguous way to the Earth object-space. Due to local distortions, it may not be possible to accurately fit a unique spheroid RD to the control point network. In such cases, several local ERMs may be specified to approximately model various sub-regions of the area covered by a local datum. For example, the North American 1927 datum is modelled by 20 sub-region ERMs in Table J.7. The ORM_N_AM_1927_CONUS_MEAN in Table J.7 covers a very large sub-region with consequent loss of accuracy. 

7.5. Celestial body dynamic binding categories

7.5.1 Terminology and notation

A binding restriction for an ORMT is an object specific restriction for the binding of a single RD in the RD set of the ORMT.

A binding category is an ORMT with:

a. a binding category name,

b. a set of binding restrictions for the ORMT, and

c. object restrictions which delineate the objects for which the binding restrictions apply.

A binding category is a dynamic binding category if each realization of the binding category ORMT compliant with the object and binding restrictions is object-dynamic.

This International Standard specifies dynamic binding categories with the following names:

a. equatorial inertial,

b. solar ecliptic,

c. solar equatorial,

d. heliocentred planet ecliptic,

e. heliocentred planet equatorial,


f. celestiomagnetic,

g. solar magnetic ecliptic, and 

h. solar magnetic dipole.

A binding category name may be used to describe an ORM that realizes the binding category. 

Several dynamic binding categories specified below set the x-axis direction in an ORMT_3D_BI_AXIS_ORIGIN realization for a planet (including Earth) to the direction of the Sun when the planet is at its vernal equinox, as a binding restriction. The ecliptic plane and equatorial plane of a planet intersect in a line. An equinox is one of the two points of intersection between this line and the orbit of the planet. The vernal equinox is the equinox at which the direction from the planet to the Sun begins to ascend to the northern side of the equatorial plane. 

An inertial direction is a direction with respect to the universe that is time invariant. A quasi-inertial direction is a direction that changes slowly with respect to the universe.

At any given epoch as defined in 6.2.1, the direction of the Sun at the vernal equinox is fixed with respect to the Milky Way and other (detectible) galaxies. In the case of Earth, the first point of Aries is the direction from the vernal equinox to the Sun. 

NOTE 1
The effects of precession and nutation on the spin axis of a planet cause this direction to change over time. The change in direction of the first point of Aries is very slow (approximately one full rotation in 26 000 years).

The first point of Aries at a given epoch is an inertial direction, and the current first point of Aries (which is called Aries true of date) is a quasi-inertial direction.

The Greenwich sidereal hour angle, 
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 is the angle in radians from the first point of Aries to the direction of the x-axis of ORM_WGS_1984 Earth reference ORM. The Greenwich sidereal hour angle depends on the epoch of definition of the first point Aries, and is a function of UTC time, t, elapsed from a given epoch.

The obliquity of the ecliptic, 
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 is the angle in radians from the equatorial plane to ecliptic. The obliquity of the ecliptic is a function of UTC time, t, elapsed from a given epoch.

The ecliptic longitude of the Sun, 
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 is the angle in radians from the first point of Aries and the line from the centre of the Earth to the centre of the Sun. The direction to the Sun is represented by 
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. The ecliptic longitude of the Sun depends on the epoch of definition of the first of point Aries, and is a function of UTC time, t, elapsed from a given epoch.

NOTE 2
Approximations of 
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 are published in astronomical almanacs and other documents (see [SEID] or [USNOA]).
7.5.2 Equatorial inertial 

The equatorial inertial dynamic binding category XE "equatorial inertial dynamic binding category"  is specified in Table 7.11.

Table 7.11 — Equatorial inertial dynamic binding category

	Name
	equatorial inertial

	Object restrictions
	A planet in the solar system for which its ecliptic plane is distinct from its equatorial plane.

	ORMT
	ORMT_3D_BI_AXIS_ORIGIN.

	Binding restrictions
	1) The RD_3D_ORIGIN is the mass-centre of the planet.

2) The RD_3D_X_AXIS points in the direction to the Sun when the planet is at its vernal equinox. 

3) The RD_3D_Z_AXIS is parallel to the rotational axis and points north. 


The axis directions are quasi-inertial, but vary with respect to any object-fixed ORM for the planet.

In the case of ORM_EARTH_INERTIAL_J2000r0, the International Earth Rotation Service (IERS) specifies a very precise transformation to the ORM_WGS_1984 reference embedding with a matrix whose coefficients represent the effects of polar motion, Earth rotation, nutation and precession
. 

Under the assumption that the ORM z-axis and ORM_WGS_1984 z-axis are parallel, the transformation simplifies to a single rotation matrix. This simplified form is described in Annex B.
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Figure 7.7 — Equatorial inertial dynamic binding category
Three equatorial inertial ERMs labelled ORM_EARTH_INERTIAL_ARIES_1950, ORM_EARTH_INERTIAL_J2000r0 and ORM_EARTH_INERTIAL_ARIES_TRUE_OF_DATE, are specified in Table E.5. They are based on three determinations of the first point of Aries and the rotational axis. The first two have epoch fixed inertial directions. ORM_EARTH_INERTIAL_ARIES_TRUE_OF_DATE has a quasi-inertial x-axis direction which varies as a function time.

Table 7.12 is a directory of these Earth and other celestial object equatorial inertial ORMs.

Table 7.12 — Equatorial inertial ORM directory

	ORM label
	Description

	ORM_CALLISTO_INERTIAL 
	Callisto inertial (Jupiter).

	ORM_EARTH_INERTIAL_ARIES_1950 
	Earth equatorial inertial, Aries mean of 1950.

	ORM_EARTH_INERTIAL_ARIES_TRUE_OF_DATE 
	Earth equatorial inertial, Aries true of date.

	ORM_EARTH_INERTIAL_J2000r0 
	Earth equatorial inertial, J2000.0.

	ORM_EUROPA_INERTIAL 
	Europa inertial (Jupiter).

	ORM_GANYMEDE_INERTIAL 
	Ganymede inertial (Jupiter).

	ORM_IO_INERTIAL 
	Io inertial (Jupiter).

	ORM_JUPITER_INERTIAL 
	Jupiter equatorial inertial.

	ORM_MARS_INERTIAL 
	Mars equatorial inertial.

	ORM_MERCURY_INERTIAL 
	Mercury equatorial inertial.

	ORM_MOON_INERTIAL 
	Moon inertial.

	ORM_NEPTUNE_INERTIAL 
	Neptune equatorial inertial.

	ORM_PLUTO_INERTIAL 
	Pluto equatorial inertial.

	ORM_SATURN_INERTIAL 
	Saturn equatorial inertial.

	ORM_URANUS_INERTIAL 
	Uranus equatorial inertial.

	ORM_VENUS_INERTIAL 
	Venus equatorial inertial.


7.5.3 Solar ecliptic 

The solar ecliptic dynamic binding category  XE "solar ecliptic dynamic binding category" is specified in Table 7.13. See [BHAV, 3.2.5].
Table 7.13 — Solar ecliptic dynamic binding category

	Name
	solar ecliptic 

	Object restrictions
	A planet in the solar system.

	ORMT
	ORMT_3D_BI_AXIS_ORIGIN

	Binding restrictions
	1) The RD_3D_ORIGIN is the mass-centre of the planet.

2) The RD_3D_X_AXIS is in the ecliptic plane and points in the direction of the Sun. 

3) The RD_3D_Z_AXIS is perpendicular to the ecliptic plane and points north. 
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Figure 7.8 — Solar ecliptic ORM binding

NOTE 3
The x-axis slowly rotates once per orbit of the object around the Sun. The y-axis also lies in the ecliptic plane. 

In the case of Earth, the transformation from a solar ecliptic ORM embedding to the ORM_WGS_1984 reference embedding is described in Annex B.

Table 7.14 is a directory of these Earth and other celestial object solar ecliptic ORMs.

Table 7.14 — Solar ecliptic ORM directory

	ORM label
	Description

	ORM_EARTH_SOLAR_ECLIPTIC 
	Solar ecliptic (Earth).

	ORM_JUPITER_SOLAR_ECLIPTIC 
	Solar ecliptic (Jupiter).


7.5.4 Solar equatorial 

A solar equatorial dynamic binding category XE "solar equatorial dynamic binding category"  is specified in Table 7.15.

Table 7.15 — Solar equatorial dynamic binding category

	Name
	solar equatorial

	Object restrictions
	A planet in the solar system for which the ecliptic plane is distinct from the equatorial plane.

	ORMT
	ORMT_3D_BI_AXIS_ORIGIN

	Binding restrictions
	1) The RD_3D_ORIGIN is the mass-centre of the planet.

2) The RD_3D_X_AXIS is in the ecliptic plane and points in the direction of the Sun. 

3) The RD_3D_Z_AXIS is perpendicular to the RD_3D_X_AXIS in the plane determined by the RD_3D_X_AXIS and the rotational axis of the Sun and points north. 



[image: image58.wmf]x

 

plane of 

 

x

-

axis and Sun 

rotational axis

 

 

y

 

z

 

planet 

 

 

Sun 

 

 

rotational axis

 

of the Sun

 


Figure 7.9 — Solar equatorial ORM binding

NOTE
The xz-plane of a solar equatorial ORM contains rotational axis of the Sun. The x-axis slowly rotates once per orbit of the object around the Sun. The y-axis is parallel to the solar equatorial plane and points towards dusk [BHAV, 3.2.6]. 

Table 7.16 is a directory of these Earth and other celestial object solar equatorial ORMs.

Table 7.16 — Solar equatorial ORM directory

	ORM label
	Description

	ORM_EARTH_SOLAR_EQUATORIAL 
	Solar equatorial (Earth).

	ORM_JUPITER_SOLAR_EQUATORIAL 
	Solar equatorial (Jupiter).


7.5.5 Heliocentric planet ecliptic 

The heliocentred planet ecliptic dynamic binding category  XE "heliocentric planet ecliptic dynamic binding category" is specified for a planet in Table 7.17. See [HAPG].

Table 7.17 — Heliocentric planet ecliptic dynamic binding category

	Name
	heliocentric planet ecliptic 

	Object restrictions
	The Sun.

	ORMT
	ORMT_3D_BI_AXIS_ORIGIN

	Binding restrictions
	1) The RD_3D_ORIGIN is the mass-centre of the Sun.

2) The RD_3D_Z_AXIS is perpendicular to the ecliptic plane for a specified planet and points north.

3) The RD_3D_X_AXIS is in the ecliptic plane of the specified planet and points towards the planet. 
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Figure 7.10 — Heliocentric planet ecliptic dynamic binding category
7.5.6 Heliocentric planet equatorial

The heliocentric planet equatorial dynamic binding category XE "heliocentric planet equatorial dynamic binding category"  is specified for a planet in Table 7.18.

Table 7.18 — Heliocentric planet equatorial dynamic binding category

	Name
	heliocentric planet equatorial 

	Object restrictions
	The Sun.

	ORMT
	ORMT_3D_BI_AXIS_ORIGIN

	Binding restrictions
	1) The RD_3D_ORIGIN is the mass-centre of the Sun.

2) The RD_3D_Z_AXIS is perpendicular to the solar equatorial plane of the specified planet and points north.

3) The RD_3D_X_AXIS is perpendicular to the RD_3D_Z_AXIS in the plane determined by the RD_3D_Z_AXIS and the planet centre and points towards the specified planet. 
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Figure 7.11 — Heliocentric planet equatorial dynamic binding category
7.5.7 Celestiomagnetic

The celestiomagnetic dynamic binding category  XE "celestiomagnetic dynamic binding category" is specified in Table 7.19. See [BHAV, 3.3.1].

Table 7.19 — Celestiomagnetic dynamic binding category

	Name
	Celestiomagnetic planet ecliptic 

	Object restrictions
	A planet in a solar system with a magnetic dipole axis distinct from its rotational axis.

	ORMT
	ORMT_3D_BI_AXIS_ORIGIN

	Binding restrictions
	1) The RD_3D_ORIGIN is the mass-centre of the planet.

2) The RD_3D_Z_AXIS is parallel to the magnetic dipole axis and points north.

3) The RD_3D_X_AXIS is contained in the plane through the origin that is parallel to the dipole and rotational axes, perpendicular to the RD_3D_Z_AXIS and pointing away from the dipole north direction. 


NOTE
The rotational south pole is contained in the x-positive xz-half-plane. This binding is not applicable to Saturn whose magnetic and rotational poles are not distinguished.
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Figure 7.12 — Celestiomagnetic ORM binding

In the case of Earth, this dynamic ERM is approximated as an Earth fixed ERM for a five year epoch. The other celestial objects that have observed magnetic dipoles have object-fixed ORM approximations for the corresponding dynamic ORMs. 

Table 7.20 is a directory of these Earth and other object-fixed celestiomagnetic ORM approximations.

Table 7.20 — Celestiomagnetic ORM directory

	ORM label
	Description

	ORM_CALLISTO_MAGNETIC 
	Callisto magnetic (Jupiter).

	ORM_EUROPA_MAGNETIC 
	Europa magnetic (Jupiter).

	ORM_GANYMEDE_MAGNETIC 
	Ganymede magnetic (Jupiter).

	ORM_GEOMAGNETIC_1945 
	Geomagnetic 1945.

	ORM_GEOMAGNETIC_1950 
	Geomagnetic 1950.

	ORM_GEOMAGNETIC_1955 
	Geomagnetic 1955.

	ORM_GEOMAGNETIC_1960 
	Geomagnetic 1960.

	ORM_GEOMAGNETIC_1965 
	Geomagnetic 1965.

	ORM_GEOMAGNETIC_1970 
	Geomagnetic 1970.

	ORM_GEOMAGNETIC_1975 
	Geomagnetic 1975.

	ORM_GEOMAGNETIC_1980 
	Geomagnetic 1980.

	ORM_GEOMAGNETIC_1985 
	Geomagnetic 1985.

	ORM_GEOMAGNETIC_1990 
	Geomagnetic 1990.

	ORM_GEOMAGNETIC_1995 
	Geomagnetic 1995.

	ORM_GEOMAGNETIC_2000 
	Geomagnetic 2000.

	ORM_IO_MAGNETIC 
	Io magnetic (Jupiter).

	ORM_JUPITER_MAGNETIC 
	Jupiter magnetic.

	ORM_MERCURY_MAGNETIC 
	Mercury magnetic.

	ORM_NEPTUNE_MAGNETIC 
	Neptune magnetic.

	ORM_SATURN_MAGNETIC 
	Saturn magnetic.

	ORM_URANUS_MAGNETIC 
	Uranus magnetic.


7.5.8 Solar magnetic ecliptic

The solar magnetic ecliptic dynamic binding category  XE "solar magnetic ecliptic dynamic binding category " is specified in Table 7.21. See [BHAV, 3.3.4].

Table 7.21 — Solar magnetic ecliptic dynamic binding category

	Name
	solar magnetic ecliptic

	Object restrictions
	A planet in the solar system with a magnetic dipole.

	ORMT
	ORMT_3D_BI_AXIS_ORIGIN

	Binding restrictions
	1) The RD_3D_ORIGIN is the mass-centre of the planet.

2) The RD_3D_X_AXIS is in the ecliptic plane of the planet pointing in the direction of the Sun.

3) The RD_3D_Z_AXIS is perpendicular to the RD_3D_X_AXIS and points northwards in the plane determined by the x-axis and the dipole axis.
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Figure 7.13 — Solar magnetic ORM binding

Table 7.22 is a directory of these Earth and other celestial object solar magnetic ecliptic ORMs.

Table 7.22 — Solar magnetic ecliptic ORM directory

	ORM label
	Description

	ORM_EARTH_SOLAR_MAG_ECLIPTIC 
	Solar magnetic ecliptic (Earth).

	ORM_JUPITER_SOLAR_MAG_ECLIPTIC 
	Solar magnetic ecliptic (Jupiter).


7.5.9 Solar magnetic dipole

The solar magnetic dipole dynamic binding category  XE "solar magnetic dipole dynamic binding category " is specified in Table 7.23. See [BHAV, 3.3.5].

Table 7.23 — Solar magnetic dipole dynamic binding category

	Name
	Celestiomagnetic planet ecliptic 

	Object restrictions
	A planet in the solar system with a magnetic dipole axis distinct from its rotational axis.

	ORMT
	ORMT_3D_BI_AXIS_ORIGIN

	Binding restrictions
	1) The RD_3D_ORIGIN is the mass-centre of the planet.

2) The RD_3D_Z_AXIS is parallel to the solar magnetic dipole axis and points north.

3) The RD_3D_X_AXIS is perpendicular to the RD_3D_Z_AXIS and pointing towards the Sun in the plane determined by the Sun and the RD_3D_Z_AXIS. 
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Figure 7.14 — Solar magnetic dipole ORM binding

Table 7.24 is a directory of these Earth and other celestial object solar magnetic dipole ORMs.

Table 7.24 — Solar magnetic dipole ORMs

	ORM label
	Description

	ORM_EARTH_SOLAR_MAG_DIPOLE 
	Solar magnetic dipole (Earth).

	ORM_JUPITER_SOLAR_MAG_DIPOLE 
	Solar magnetic dipole (Jupiter).


EDITORS NOTE: This is a temporary table of index entries that is used to create the master index. It will eventually be removed:



binding constraint
98

bound RD
93

celestiomagnetic dynamic binding category
112

coordinate frame rotation
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Earth reference model
98

equatorial inertial dynamic binding category
107

global model
98

heliocentric planet ecliptic dynamic binding category
111

heliocentric planet equatorial dynamic binding category
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inverse flattening
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local model
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minimal ORMT
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object-dynamic embedding
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object-fixed embedding
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oblate spheroid RD
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origin of the embedding
94

ORM template
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ORMT realization
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position vector rotation
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prolate spheroid RD
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reference datum
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right-handed embedding
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seven parameter embedding
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seven parameter transformation
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solar ecliptic dynamic binding category
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solar equatorial dynamic binding category
110

solar magnetic dipole dynamic binding category
115
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114
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91



� These must be converted to radians when used in the Bursa-Wolf equation (see � HYPERLINK "ISO_IEC_18026_Q_(E).doc" ��Annex B�).


� Terminology note: Geographic information – Spatial referencing by coordinates (DIS 19111) uses the term geodetic datum.


� For near-real-time orbit determination applications, Earth orientation parameters (polar motion and Earth rotation variations) that are needed to build the matrix must be predicted values. Because the driving forces that influence polar motion and Earth rotation variations are difficult to characterize, these Earth orientation predictions are performed weekly [� HYPERLINK "Bibliography.doc" \l "T83502T" ��83502T�].
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