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	[bookmark: isume]Summary
Technical Specification ITU-T FG-EAI D2.2 defines how 3D assets and scenes are organized, declared and checked so that they can be consumed by embodied artificial intelligence (EAI) systems without per-supplier reprocessing.
Existing 3D asset repositories are geometry-centric. When such assets are loaded into a physics simulator and acted upon by an embodied agent, four classes of failure recur: required information is absent without being declared absent; independently authored layers of the same asset disagree with one another; conventions such as unit, up-axis and reference frame are assumed rather than stated; and an asset that is adequate for rendering is inadequate for manipulation. Each failure is discovered only after download and manual inspection, and each consumer repairs the same defects independently.
This Technical Specification defines a declaration and checking layer that exposes these defects before payload retrieval. It specifies a layered organization model for assets, scenes, datasets and registries; a descriptor and header separated from payload; a three-state declaration discipline in which silent omission is non-conformant; machine-checkable consistency predicates between layers of an asset; affordance contracts that bind a declared interaction capability to a required field set; and conformance profiles with a machine-readable conformance report.
This Technical Specification does not repair assets, does not define trajectory or demonstration data formats, and does not define planning, control or learning methods.
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[bookmark: p1rectexte]Technical Report ITU-T FG-EAI D2.2
Physical-semantic and affordance-aware organization of 3D assets and scenes for embodied artificial intelligence
[bookmark: _Toc19838][bookmark: _Toc243469491][bookmark: _Toc244165432]1	Scope
This Technical Specification describes the organization, declaration and checking of 3D assets and scenes intended for use by embodied artificial intelligence (EAI) systems within multimedia environments for embodied AI.
[bookmark: _Toc244165433]1.1	In scope
This Technical Specification specifies:
–	a layered organization model covering assets (L0), scenes (L1), datasets (L2) and registries (L3), and the referencing rules between layers;
–	the separation of descriptor from payload, and the content of the self-describing header;
–	a three-state declaration discipline distinguishing a declared value, a declared absence and an undeclared field;
–	the physical-semantic metadata required to ensure spatio-temporal consistency, including absolute scale, mass properties, surface properties and collision representation, etc.;
–	the explicit declaration of conventions, including unit of length, up-axis, forward-axis and reference frame;
–	the representation of an interaction capability as a contract, associating a declared capability with the information a consumer needs in order to attempt the interaction;
–	consistency conditions between independently authored layers of the same asset or scene;
–	conformance profiles and the reporting of an evaluation.
This Technical Specification describes the organization model and the declaration discipline. The illustrative material in Appendices I and II is provided to show that the declarations described here can be made concrete and machine-checkable. It is not intended to be exhaustive, and the field-level detail of a future specification is not fixed by this document.
[bookmark: _Toc244165434]1.2	Out of scope
This Technical Specification does not specify:
–	the internal structure of trajectory, demonstration or episode data;
–	planning, control, policy or learning methods, or any method of training an embodied agent;
–	the numerical methods by which a physics engine solves contact, articulation or dynamics;
–	the repair, regeneration or re-authoring of non-conformant assets;
–	any guarantee that a runtime implementation will keep visual and physical behaviour synchronized; this Technical Specification describes how the relationship is declared and checked, not how it is enforced at runtime;
–	the semantic plausibility of a declared value; whether a stated friction coefficient is realistic for the material it claims to represent is outside the scope of the checks described here;
–	a new geometry, material or scene interchange format; this Technical Specification is format-neutral and is intended to be carried by existing host formats;
–	the declaration of levels of detail; this is for further study.
[bookmark: _Toc244165435]1.3	Applicability
This Technical Specification applies to assets and scenes that are intended to be consumed within a simulation environment for embodied artificial intelligence.
[bookmark: _Toc30948][bookmark: _Toc243469492][bookmark: _Toc244165436]2	References
[ITU-T F.748.66]	Recommendation ITU-T F.748.66 (2025), Requirements and framework for embodied artificial intelligence systems.
[ISO/IEC 12113]	ISO/IEC 12113, Information technology – Runtime 3D asset delivery format – Khronos glTF 2.0.
[ISO/IEC 23090-14]	ISO/IEC 23090-14, Information technology – Coded representation of immersive media – Part 14: Scene description.
[bookmark: _Toc15381][bookmark: _Toc243469493][bookmark: _Toc244165437]3	Definitions
[bookmark: _Toc244165438]3.1	Terms defined elsewhere
This Technical Specification uses the following term defined elsewhere:
3.1.1	embodied artificial intelligence (EAI) [ITU-T F.748.66]: Artificial intelligence integrated into physical systems that interact autonomously with and adapt to the physical world.
[bookmark: _Toc244165439]3.2	Terms defined in this Technical Specification
None.
[bookmark: _Toc7499][bookmark: _Toc243469494][bookmark: _Toc244165440]4	Abbreviations and acronyms
This Technical Specification uses the following abbreviations and acronyms:
AI	Artificial Intelligence
EAI	Embodied Artificial Intelligence
[bookmark: _Toc18554][bookmark: _Toc243469495][bookmark: _Toc244165441]5	Conventions
The following conventions are used in this Technical Specification:
The keywords "it is critical" indicate a possible requirement which would be necessary to be fulfilled (e.g., by an implementation) and enabled to provide the benefits of the use case.
The keywords "it is expected" indicate a possible requirement which would be important but not absolutely necessary to be fulfilled (e.g., by an implementation). Thus, this possible requirement would not need to be enabled to provide complete benefits of the use case.
The keywords "it is of added value" indicate a possible requirement which would be optional to be fulfilled (e.g., by an implementation), without implying any sense of importance regarding its fulfilment. Thus, this possible requirement would not need to be enabled to provide complete benefits of the use case.
A declaration governed by this Technical Specification is in exactly one of the three states of Table 5‑1. The distinction between a declared absence and an undeclared field is fundamental to this Technical Specification and is described in clause 8.
Table 5-1 – Declaration states
	State
	Meaning
	Conformance

	Declared value
	A value is stated
	Conformant

	Declared absence
	Absence is explicitly stated, by a reserved value
	Conformant

	Undeclared
	Neither of the above
	Non-conformant


Unless otherwise stated, all quantities are expressed in SI units. Length is expressed in metres.
[bookmark: _Toc11497][bookmark: _Toc243469496][bookmark: _Toc244165442]6	Overview and principles
[bookmark: _Toc244165443]6.1	Classes of failure addressed
An asset that has been published, retrieved and opened may still be unusable. This Technical Specification addresses the four classes of failure listed in Table 6-1. Each class corresponds to a mechanism described in a later clause.
Table 6-1 – Classes of failure and the corresponding mechanisms
	Class
	What is not declared
	Mechanism

	1	Undeclared incompleteness
	Information required to place an asset in a simulation environment is absent, and its absence is not stated, so that a consumer cannot distinguish "not provided" from "not applicable" without retrieving the payload.
	Three-state declaration (clause 8)

	2	Inconsistency between layers
	Two or more independently authored layers of one asset disagree, although each layer is well formed on its own. The disagreement is invisible to any check that examines one layer at a time.
	Consistency conditions (clause 11)

	3	Undeclared conventions
	Unit of length, up-axis and the frame in which a pose is expressed are assumed rather than declared, so that data assembled from several sources is misaligned in a way that no single artifact reveals.
	Declaration of conventions (clause 9)

	4	Undeclared unfitness
	An asset adequate for rendering is not adequate for interaction, and this unfitness is neither declared nor available as a filter.
	Conformance profiles (clause 12)


[bookmark: _Toc244165444]6.2	Design principles
6.2.1	Expose, do not repair
This Technical Specification makes defects visible in the declaration. It does not repair assets, and does not require an implementation to modify payload content in order to bring an artifact into conformance.
6.2.2	State, do not assume
Where a convention, a capability or an absence can be assumed, it is instead stated.
R-6-1: It is critical that, where this Technical Specification governs a field, the artifact declares either a value or an explicit absence for that field. An undeclared field is not conformant.
6.2.3	Declare before retrieval
Filtering and metadata-profile evaluation described here are performed on the descriptor alone; payload-dependent predicates (clause 11) may require payload. A consumer selecting assets for an embodied task cannot retrieve candidate payloads at the scale at which it must filter.
R-6-2: It is critical that a descriptor references payload by identifier and checksum, and does not embed payload content. It is critical that filtering, conformance evaluation and licence inspection are possible from the descriptor alone.
6.2.4	Fitness is relative to the consumer
This Technical Specification does not classify an artifact as good or bad. It exposes what an artifact declares and what it has been checked for, so that each consumer may determine fitness for its own use. A declaration is not a claim that a declared interaction is exercisable by any particular embodiment. Whether a given embodiment can exercise it is for the consumer to determine.
6.2.5	Format neutrality
This Technical Specification describes what is declared and what relationships are to hold. It does not define a new interchange syntax, and is intended to be carried by existing host formats, such as the runtime 3D asset delivery format specified in [ISO/IEC 12113] and the scene description for immersive media specified in [ISO/IEC 23090-14].
6.2.6	Proportionate obligation on the producer
An obligation is placed on the producer only where the producer is the party that holds the information. The provisions concern declaration and not data holdings: a producer that does not hold a quantity conforms by declaring its absence, and is not required to measure, estimate or fabricate it.
[bookmark: _Toc5725][bookmark: _Toc243469497][bookmark: _Toc244165445]7	Layered organization model
An artifact governed by this Technical Specification is organized as a graph of nodes and edges, carried together with a header. Four layers are defined. Each layer uses the same metamodel. A node at one layer can reference an artifact at the layer below: an entity in a scene references an asset, and a member of a dataset references an asset or a scene.
Table 7-1 – Layers of the model
	Layer
	Unit
	What the layer carries

	L0 asset
	A single object, rigid or articulated
	A tree of parts connected by joints; the physical-semantic metadata of clause 9 and the interaction capabilities of clause 10 are declared here

	L1 scene
	An arrangement of asset instances and regions in a shared coordinate system
	The shared coordinate semantics, and whether a declared interaction is obstructed by the arrangement rather than by the object

	L2 dataset
	A reproducible collection of assets and scenes
	Membership, splits, and index keys derived from what the layers below declare

	L3 registry
	A set of references to datasets held by one or more providers
	Discovery, versioning and supersession across providers


The metamodel is a property graph. Attributes are carried on the edges as well as on the nodes. This matters because at these two layers much of the information sits on the relations. A joint carries an axis and its limits. A spatial relation carries a relative pose and a contact region. An interaction relation carries a reference to a capability and to the region at which it is exercised. Edges are classified as spatial, kinematic, semantic or interaction. The interaction family is what distinguishes this metamodel from a scene graph used for rendering. It states not only what an agent can do, but what that action requires of the environment.
R-7-1: It is critical that a reference from one layer to the layer below is by identifier and checksum, and that the referenced content is not copied into the referencing artifact. It is critical that a referenced artifact is independently resolvable and independently evaluable.
[bookmark: _Toc31662][bookmark: _Toc243469498][bookmark: _Toc244165446]8	Descriptor and header
A descriptor is the declarative content of an artifact. It carries no payload content, and has the three parts of Table 8-1.
Table 8-1 – Parts of a descriptor
	Part
	What it carries

	Header
	The identity of the artifact, its version, the conventions of clause 9, its licence, its provenance, and the conformance profile it is stated against. The header can be evaluated without resolving any other artifact.

	Graph
	The nodes and edges of clause 7.

	Manifest
	One entry for each payload item: its identity, the location at which it can be retrieved, and a checksum over its content. This is the only place from which payload is referenced.


This clause describes the mechanism addressing Class 1 of clause 6.1. One asset declares no mass because none was measured. Another declares no mass because the quantity does not apply to it. These are different artifacts, and in current practice they cannot be told apart without retrieving the payload.
R-8-1: It is critical that a declared absence is expressed by a reserved value. It is critical that an undeclared field causes evaluation against the declared conformance profile to fail, and that the failure is recorded, identifying the field.
R-8-2: It is critical that a consumer treats a declared absence as authoritative, and does not infer that a value exists in the payload. It is critical that a value taken from a tool default is not recorded as a declared value, unless the method by which it was obtained is also declared.
[bookmark: _Toc29920][bookmark: _Toc243469499][bookmark: _Toc244165447]9	Physical grounding
[bookmark: _Toc9030]This clause describes explicit declarations of physical-semantic metadata and foundational conventions, required to ensure spatio-temporal consistency and multi-sensory interactions within multimedia environments for embodied AI. 
In such environments, EAI systems process multimodal data, including visual, spatial and haptic streams, in a continuous perception-action loop. The metadata specified in this clause registers these independently authored streams into a single spatial reference, so that the geometry an agent acts upon corresponds to the geometry it perceives. This addresses virtual-world datasets and native multimodal perception.
It describes what is declared and in what units. It does not specify dynamic mechanical equations, the algorithms by which any implementation solves contact or articulation, or the actuation and control parameters of a robot. How a consumer uses a declared value is outside the scope of this Technical Specification.
Table 9-1 – What is declared, and why
	Declaration
	Why it is needed

	Unit of length, and geometry at absolute scale
	An asset not expressed at absolute scale in a declared unit cannot be placed alongside assets from other sources.

	Mass
	Mass is the case in which information is most often absent without its absence being stated. It is declared as metadata, or declared absent.

	Surface properties
	Declared separately from any visual material, because a visual material describes appearance only. These are the properties on which a haptic representation of the same surface depends.

	Collision representation
	The geometry used for spatial reasoning, which may differ from the geometry authored for appearance.

	Up-axis, forward-axis, handedness, angle unit, pose composition order, and the frame of a declared pose
	A convention customary in a host format is not thereby declared. The customary value differs between formats and between tools, and a consumer assembling a scene from several sources cannot recover it from any single artifact. This addresses Class 3 of clause 6.1.


R-9-1: It is critical that an asset or scene declares each item of Table 9-1, or declares its absence in accordance with Table 5-1.
R-9-2: It is critical that the geometry of an asset is expressed at absolute scale in the declared unit. It is critical that a convention is declared in the artifact, and not established by reference to the customary value of a host format.
[bookmark: _Toc243469500][bookmark: _Toc244165448]10	Affordance and interaction representation
[bookmark: _Toc18896]An interaction capability declared by an asset is not a label. A declaration that an asset affords an interaction says that the asset carries the information a consumer needs in order to attempt it. That information is the contract of the capability, and is what makes the declaration usable rather than merely descriptive. A declaration that a surface affords support is of no use on its own; the consumer also needs the extent of that surface, its outward normal and its load limit. This Technical Specification specifies only the data structures of these affordances, and does not define the physical capability or execution constraints of any particular embodied agent.
Table 10-1 – Elements of a contract
	Element
	What it states

	Capability identifier
	The interaction the asset affords, such as support or the opening of a hinged part

	Required field set
	The fields a declaration of this capability is required to carry

	Interaction region
	The geometric region at which the capability is exercised, such as a support surface, a containment cavity or a grasp region

	Applicable conditions
	The consistency conditions of clause 11 that apply to a declaration of this capability

	Target embodiment
	The agent class to which the declaration applies, enabling parameterized interaction regions for different embodiments


A contract that is satisfied means that the declaration is complete. It does not mean that the interaction will succeed. Whether it succeeds depends on the acting system, on the scene in which the asset is placed, and on the implementation that executes the interaction. None of these is within the scope of this Technical Specification. Appendix II illustrates two contracts.
R-10-1: It is critical that a declaration of an interaction capability satisfies the contract of that capability, and that every field the contract requires is in one of the three states of Table 5-1.
[bookmark: _Toc243469501][bookmark: _Toc244165449]11	Consistency constraints
[bookmark: _Toc496]This clause describes the mechanism addressing Class 2 of clause 6.1. Two or more independently authored parts of the same artifact are each well formed, and they disagree with one another. No check that examines one part at a time detects the disagreement.
Such a disagreement matters only where a system both perceives an artifact and acts upon it. A renderer is unaffected by a collision representation that does not match the visual geometry. A system that reaches for the surface it can see is not. The conditions are expressed as consistency predicates. Appendix I gives illustrative predicates.
R-11-1: It is critical that a consistency predicate is evaluable by machine over the declared content of an artifact and, where identified as payload-dependent, over its payload.
R-11-2: It is critical that the evaluation of a predicate yields one of the results pass, fail, not evaluated or not applicable. It is critical that a predicate that has not been evaluated is recorded as not evaluated, and not as pass.
[bookmark: _Toc243469502][bookmark: _Toc244165450]12	Conformance profiles and reporting
This clause describes the mechanism addressing Class 4 of clause 6.1. An artifact declares one profile, is evaluated against that profile and no other, and satisfies every requirement of the profiles below it. The four profiles separate three things that are often treated as one: an artifact that can be displayed cannot always be simulated, and an artifact that can be simulated cannot always be interacted with.
Table 12-1 – Conformance profiles
	Profile
	Identifier
	What the profile evidences

	Metadata
	PSA3D-M
	The artifact is identified, licensed and attributed, its conventions are declared, and its references resolve

	Renderable
	PSA3D-R
	The artifact additionally carries visual geometry at absolute scale

	Simulatable
	PSA3D-S
	The artifact additionally carries collision, mass and surface declarations, and its layers have been checked against one another

	Interactable
	PSA3D-I
	The artifact additionally declares interaction capabilities whose contracts are complete


The result of an evaluation is recorded in a conformance report, whose content is given in Table 12‑2. The report is how work already performed on an artifact is reused rather than repeated, and it is readable without retrieving payload.
	Table 12-2 – Content of a conformance report

	Element
	Description

	Subject
	The artifact evaluated, identified by identifier and checksum

	Profiles
	The profile declared by the artifact, and the profile found to be satisfied

	Evaluator
	The party that performed the evaluation, and the tool used

	Undeclared fields
	The fields found to be undeclared

	Predicate results
	The result of each predicate evaluated

	Outcome
	Conformant, not conformant, or partially evaluated


R-12-1: It is critical that, where a required predicate fails or a required field is undeclared, the outcome is recorded as not conformant. It is critical that, where nothing fails but one or more required predicates have not been evaluated, the outcome is recorded as partially evaluated.
R-12-2: It is critical that an evaluation result is bound to the checksum of the artifact evaluated, and that it does not apply to any other version of that artifact. This Technical Specification does not define an accreditation scheme and does not confer authority on any evaluating party.
[bookmark: _Toc21383][bookmark: _Toc243469503][bookmark: _Toc244165451]13	Derived state
An EAI system changes the environment it acts in. Derived state records a changed environment without duplicating it, representing a static snapshot of changed configurations. It is an ordered set of deltas anchored to an immutable base artifact, and each delta declares what it targets and what value it sets. A delta may record a joint value, a pose, a change to a relation, or a replacement value for a declared field.
R-13-1: It is critical that a derived state references its base artifact by identifier and checksum, and does not modify that artifact. It is critical that, where the two checksums do not match, the derived state is treated as not applicable to that artifact.
External trajectory, demonstration or episode data may reference a base artifact and its derived states through these identifiers. This Technical Specification does not define the internal structure of such data.
[bookmark: _Toc29815]
[bookmark: _Toc243469504]

[bookmark: _Toc244165452]Appendix I

Illustrative consistency predicates
[bookmark: _Toc15437]This appendix shows that the conditions described in clause 11 can be stated in a form that a validator can evaluate. It is not a complete register, and the identifiers, tolerances and profile assignments given here are illustrative.
	Identifier
	Condition asserted
	Payload required

	CP-REF-01
	Every reference resolves and the recorded checksum matches.
	No

	CP-SCALE-01
	The declared bounding box corresponds, within a declared tolerance, to the extent of the geometry under the declared unit of length.
	Yes

	CP-VISCOL-01
	The extents of the visual geometry and of the collision representation correspond within a declared tolerance.
	Yes

	CP-ARTCOL-01
	The asset does not self-intersect at any configuration within its declared joint limits.
	Yes

	CP-VISPHY-01
	Where a non-zero surface velocity is declared for a region, the visual representation of that motion is declared or declared absent. This applies wherever declared physical motion is independent of the pose of the part carrying it, including conveying surfaces, rotating surfaces, treadmills and escalators.
	No


CP-VISPHY-01 covers the conveyor case. The belt surface is declared to transport objects, but the texture applied to it is static. An object is therefore carried across a belt whose pattern does not move. Each layer of such an asset is well formed on its own, and no check that examines one layer at a time detects the disagreement.
[bookmark: _Toc243469505]

[bookmark: _Toc244165453]Appendix II

Illustrative interaction contracts
This appendix illustrates the form of a contract as described in clause 10. Two capabilities are shown. The field sets given here are illustrative and are not intended to be exhaustive.
support
	Interaction region
	one region of kind surface

	Required fields
	outward normal; planar extent; load limit

	Applicable conditions
	reference integrity


open_revolute
	Applies to
	a part

	Interaction region
	one actuation region

	Required fields
	joint reference; joint limits; opening direction

	Applicable conditions
	reference integrity; articulation


The difference between the two shows why a contract is bound to a capability rather than to an asset. Support is a property of a surface. Opening a hinged part refers to an articulation, and the volume the part sweeps is determined by the joint limits already declared. The same asset may therefore be usable in one scene and obstructed in another.
___________
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