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1 Motivation
On road to the second pilot tests, the creation of new test scenes and the further development of the Audio Evaluation Platform (AEP) revealed a couple of weaknesses and ambiguities in the MPEG-I 6DoF Audio Encoder Input Format (EIF) [1].  Summarizing, we identified the following points to be addressed:

· Which entities are spatial entities (i.e. influence the parenting) is not clearly indicated
· Which entities may be nested into which other entities it is not defined
· Allowed/disallowed parent-child relations are not fully laid out 
· It is not clear in nested elements which cspace takes priority. Should a child element with “user” or “global” cspace override the parent position and orientation information? 

This document proposes solutions to tidy up the EIF specification, remove these current ambiguities and make it more concise. Therefore, we consider the following aspects and clarify:

· General terminology – What is an entity? What distinguishes it from element?
· Document structure – Which XML nodes may be nested in an EIF file, in what way? What is not allowed?
· Spatial parenting – How does spatial parenting exactly work? What entities can one use therefore?
· Updates – Several clarifications concerning the execution of updates/modifications

Document structure
Several EIF entities facilitate additional XML child nodes when writing them down in an EIF document. This includes AcousticMaterial, AcousticEnvironment, ChannelSource, Mesh, and Update. For a few entities (XML nodes), the EIF specification states viable (allowed) child nodes and their multiplicity. However, the specification does not explicitly state the allowed child nodes for every XML node. Moreover, the EIF does not explicitly tell which parent-child nodes relations are disallowed. In essence, the structure and also the syntax of an EIF file is not defined precisely. For example: <Box> is allowed as a child of <ObjectSource> (see example at the bottom of page 7 in [1]), but if the contrary (i.e. <ObjectSource> a child of <Box>) is viable remains unspecified. Taking this further, it is unclear if an <ObjectSource> can be a child of an <ObjectSource>.
Spatial parenting
Spatial entities (i.e. those with a position and orientation attribute) can be arranged hierarchically, supporting parenting. The reason to include this feature was to make it possible to tie multiple sources and geometric objects together. A typical example is an audio element with a geometric object anchored to it, for the use of specifying the spatial extent. Parenting/anchoring is controlled using the cspace attribute. When cspace=”relative” is selected, the global position of a child entity must be resolved by applying all transforms (i.e. translations, rotations) introduced by all parent spatial entities (i.e. entities that have a position and orientation attribute).

	Entity / XML node
	position
	orientation
	cspace

	ObjectSource
	●
	●
	●

	HOASource
	●
	●
	●

	ChannelSource
	●
	●
	●

	Box
	●
	●
	●

	Sphere
	●
	●
	●

	Cylinder
	●
	●
	●

	Mesh
	●
	●
	●

	Loudspeaker
	●
	●
	

	Vertex (in Mesh)
	●
	
	

	AcousticParameters
(in AcousticEnvironment)
	●
	
	


Table 1: Entities with spatial attributes in the current EIF specification [1]
Proposed solutions
General terminology
Terminology should be distinguished for two domains: (a) the data that an EIF specification represents and (b) the way this data is written down in the form of an XML document. The term ‘entity’ was favored in the EIF, as ‘object’ might lead to confusion with object-based audio (e.g. a ChannelSource would be an object). In the XML domain, EIF entities are expressed by nodes and attributes, which are XML elements. However, not every XML node corresponds to an EIF entity (e.g. Vertex in Mesh). So, what exactly as in EIF entity? Are there things that are no entity? We propose the following definition: 

· The EIF is generally composed of elements.
· Elements with an id are called entity elements. They can be referenced by other elements. They are indicated by rectangular boxes in Fig. 1.
· All other elements are called non-entity elements. They are used only for the specification of the data and are indicated by rounded boxes in Fig. 1.

Figure 1 shows the hierarchical relations of all EIF elements, as we propose them in this document (details in Sec. 3.2). A number of high-level groups are indicated in Fig. 1. In addition to these groups, we refer to entities with a position/orientation as spatial entities. This includes ObjectSource, HOASource, ChannelSource, Box, Sphere, Cylinder, and Mesh. With respect to table 1, Loudspeaker, Vertex, and AcousticParameters are non-entities.
Document structure
We propose an explicit XML document structure for the EIF, which clearly indicates allowed parent-child node relations. The current documentation format (e.g. viable child nodes + multiplicity in entity definitions) does not provide a view on the full picture. Hence, we suggest adding a syntax tree to the EIF, as shown in Fig. 1. It defines the viable hierarchy of an EIF document. The allowed multiplicities are specified in UML format. 0..* indicates that the parent node may have any number of these child nodes. 1..* indicates that is must at least one child.

We propose that all major entities are direct children of the root node <AudioScene>. For spatial parenting (described in the next section), we suggest a new Transform node can group spatial entities, but only with depth one.
Spatial parenting
Currently, the parenting of spatial entities is implicit, and the direction (which is parent, which is child) is ambiguous. We suggest an explicit parenting scheme. It’s functionally equivalent to the current one (i.e. content can be easily converted), but removes ambiguity and is easier to parse (clear indication of parsing depth). It shall hold the following rules:

· Spatial entities cannot be mutually nested (this covers ObjectSource, ChannelSource, HOASource, Box, Sphere, Cylinder, Mesh).
· Spatial entities can (only) be parented by a novel Transform entity,
which implements an explicit transformation (translation and/or rotation).
· Transforms cannot be nested.

These rules imply that

· Audio elements and geometric entities are direct children of the <AudioScene> root node, or a <Transform> node.
· Any <Transform> node has to be a direct child of the <AudioScene> root node.

Parenting of non-entities with a position is explicitly defined as follows

· The positions of <Loudspeaker> nodes inside a <ChannelSource> node are expressed in the ChannelSource’s local coordinates.
· The position of <Vertex> nodes inside a <Mesh> node are expressed in the mesh’s local coordinates.
· The positions of a <AcousticParameters> node inside a <AcousticEnvironment> node is expressed in global coordinates (regardless of the region that may be assigned to the environment)


[image: ]

Figure 1: Proposed allowed XML node hierarchy, including node multiplicities
The envisioned transform entity is defined following: 

	<Transform>

	Declares a spatial transform node that translates and/or rotates child entities.
Note that position or orientation or both must be specified.

Selecting cspace=’listener’ attaches the transform to the listener.
This allows positioning entities shifted/rotated relative to the listener’s head.

	Attribute
	Type
	Flags
	Default
	Description 

	id
	ID
	R
	
	Identifier

	position
	Position
	O, M
	(0 0 0)
	Position

	orientation
	Rotation
	O, M
	(0° 0° 0°)
	Orientation

	cspace
	Coordinate space
	O
	relative
	Spatial frame of reference



In order to limit the complexity, we propose to disallow nesting of transforms, as it is done in classical scene graphs. Inspecting the current test scenes, we conclude that one level of transform is sufficient. For example, the bus in the ‘Downtown Bus’ scene can be neatly realized by a single transform (pivot/anchor point of the bus) and making all its sound sources, extent, and occluder geometry children of this transform.

<Transform id=”tf:bus” position=”12.3 0 -50.2” orientation=”90 0 0”>
    <ObjectSource id=”src:tire1” position=”...” ... />
    <ObjectSource id=”src:tire2” position=”...” ... />
    <ObjectSource id=”src:engine” position=”...” 
                                  extent=”ext.engine” ... />

    <Box id=”ext:engine” ... />

    <Box id=”geo:bus_occluder” material=”mat:bus_occluder” ... />
</Transform>

Coordinate spaces
Currently, the EIF supports selecting the global coordinate space, even for parented entities.  With the proposed explicit parenting scheme, the cspace=”global” attribute becomes obsolete. If an entity's position/orientation is intended to be specified in global coordinates, it is a direct child of the scene root node. Therefore, we propose to drop it and only keep the following two coordinate spaces (with refined definition):
	Value
	Description

	global
	Expresses the position/orientation in global coordinates independent of any parent entity.


	relative
	Expresses the position/orientation relative to the local coordinates of the next higher parent entity, that has a position/orientation. For direct child nodes of the <AudioScene> this is the global coordinate system.
Expresses the position/orientation relative to the local coordinates of the parent spatial entity (i.e. an entity that has a position/orientation). Two cases can occur:
· When the entity is a direct child node of the <AudioScene>, its position/orientation refer to the global coordinate system.
· When the entity is a child node of a <Transform>, its position/orientation are relative to the transforms frame of reference.

	user
	Expresses the position/orientation already relative to the user, as received by the renderer from the user position tracking system, presumed to be the centre of the users head.




Semantic of updates
Updates are assumed to be atomic (see [1]). The order of execution becomes unclear, when multiple updates happen at the same time. This can happen when (a) multiple updates have the same execution time, or (b) multiple updates refer to the same condition. To solve this problem, we claim:

· No two timed updates may have the same execution time.
· No two conditional updates may refer to the same condition with same firing order

Theoretically, timed updates (i.e. animations) and triggered updates (also conditional updates) can interfere with each other by modifying the same attribute of an object. This situation is not useful and shall be avoided by the content creators. Therefore we suggest to define that

· If an entities' attribute is animated (i.e. modified by one or more timed updates), it may not be updated with triggered or conditional updates.

Note that this distinction is on an attribute level, not entity level. So one attribute of an entity can be animated, while another attribute can be changed via triggers.

Finally, the EIF specification does not exclude the possibility to modify the same attribute of an entity multiple times in one update. This is also ambiguous with respect to atomicity. What would be the last modification to be applied? To prevent this situation, we claim that

· Any attribute of any entity may only be modified once within one update

Note that this convention does not restrict anything. Given that different attributes shall be modified with different behaviours (transition, duration), these have to be written down in separate modifications. Otherwise, all changes shall be written in a single modification.

Further clarifications
· Geometric elements are defined as either a primitive (Box, Sphere, or Cylinder) or as a Mesh. When an audio element is defined with an extent, only one of the geometric elements may be referenced.
· As such, the FaceGroup node of a Mesh in the current EIF specification cannot be referenced by any other nodes and can thus not be used to specify attributes of the contained faces, such as materials. Hence, we propose to remove it.
· The region of an AcousticEnvironment cannot be changed during scene playback.
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Conclusions
This document aims to remove existing ambiguities in the EIF specification [1]. Firstly, it introduced a clear terminology for entities and non-entities. A syntax tree is presented that unambiguously nails down the structure of an EIF document (i.e. how the elements can be arranged). Several classes of entities are introduced (e.g. spatial entities). It is proposed how spatial parenting can be clarified by going form an implicit to an explicit parenting scheme. Therefore a new transform element is suggested, that facilitates specifying hierarchical grouping of scene elements. The definition of cspace attributes is slightly adjusted to support this. Finally, the semantic of updates was clarified and additional minor improvements were proposed. We hope that this document provides a good basis for discussions to improve the current EIF specification.
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