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Abst r act

This meno specifies SDF nodeling for a digital twin, i.e. a digital
twin system and its Things. An SDF is a format that is used to
create and maintain data and interaction, and to represent the
various kinds of data that is exchanged for these interactions. The
SDF format can be used to nodel the characteristics, behavior and
interactions of Things, i.e. physical objects, in a digital twin that
contain Things as conponents.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”
This Internet-Draft will expire on 19 February 2026.

Copyri ght Notice
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

A digital twin is defined as a digital representation of an object of
interest and may require different capabilities, for exanple,
synchroni zation and real -tine support, according to the specific
domai n of application. [VY.4600]. Digital twin help organizations

i mprove inportant functional objectives, including real-tinme control,
off-line analytics, and predictive naintenance, by nodeling and
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sinmulating objects in the real world. Therefore, it is inportant for
a digital twin to represent as much real -world information about the
obj ect as possible when digitally representing the object.

Nowadays, digital twin technologies are applied in various donai ns

i ncludi ng manufacturing, energy, nedical, farm transportation, etc.
And a common format is needed to represent the objects in the domains
as digital twins. SDF [I-D.ietf-asdf-sdf] can be used for nodeling
objects as digital tw ns.

Thi s docunent specifies the nodeling and gui dance on how to use SDF
to represent objects as digital tw ns.

2. Term nol ogy

Thi s specification uses the term nology specified in
[I-Dietf-asdf-sdf] in particular "Cass Nane Keyword", "Object", and
" Af f or dance"

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [ RFCB174] when, and only when, they appear in all
capitals, as shown here

3. SDF structure for digital twn

This section describes SDF structure with the new O ass Nane Keyword,
sdf NonAf f ordance, to represent a thing or an object as a digita

twin. The architecture of a digital twin based on the SDF nodel is
illustrated in Figure 1, , follow ng the guidelines of [ISO23247-3].

The Physical Layer conprises affordance and non-affordance objects.
Fromthe real -world objects, only those deened rel evant are sel ected
for representation as digital twins. The Digital Twin Layer is
structured into three sublayers: the Device Conmuni cation Subl ayer,
the Digital Twin Sublayer, and the Application Sublayer. The Device
Conmruni cati on Subl ayer is responsible for nonitoring and coll ecting
data from bot h af fordance and non-affordance objects. This sublayer
provi des the necessary data to synchroni ze the physical objects with
their digital twin counterparts. The Digital Twi n Subl ayer ensures
synchroni zati on between the affordance and non-affordance objects and
their respective digital twins using the data provided by the Device
Conmruni cati on Subl ayer. The Application Subl ayer presents the
synchroni zed values of the digital twins to users, facilitating

i nformed deci si on- maki ng.
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Figure 1: Basic Architecture of digital twn
4. Motivation and design rationale

The docunent is based on the underlying structure defined in
[1-D.ietf-asdf-sdf], which which standardi zes the semantic definition
format (SDF) for representing |oT affordance. This specification
provides a strong basis for representing individual devices and their
features (sdfProperty, sdfAction, sdf Event, etc.), but additiona
mechani snms are needed to address the unique requirenents of digita
twi n nodeling.

Digital twin systens defined in [ISO23247-3] often have to describe
virtual representations of various physical assets, including

nmet adata, identity, contextual relationships, historical data, as
wel | as device interfaces.

Lee & Hong Expires 19 February 2026 [ Page 4]



I nternet-Draft SDF nodeling for digital twin August 2025

4.1. Introduction of sdf NonAffordance
A new SDF keyword sdf NonAffordance described in
[1-D. draft-hong-asdf-sdf-nonaffordance] is introduced to represent
non-functional or nmetadata el ements that describe a device or
conmponent wi thout inplying direct interaction
* ldentifier (e.g., UU D URN)
* Location (e.g. site, zone, GPS tag)
* Omer (e.g., representative, ,anufacturer)
These field can appear in both sdf Cbject and sdf Thing contexts and
follow the sane structural pattern as sdfData and is designed for
scal ability.

4.2. Digital Twin-Centric Mdeling within sdf Thing
To support hierarchical representations (e.g., a boat conposed of
heater, GPS, and battery subsystens), this docunent encourages use of

sdf Thing to aggregate rel ated sdf Obj ect conponents, along with
met adat a

The mapping of digital twin attributes to sdf qualities are shown in
Tabl e 1.
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| Attribute | Recommended | Description |
| | Mappi ng | |
[ gt ————— L ————————————— e p—p—_———
| Identifier | sdf NonAffordance | @ obally unique digital twin |
| | | 1D (e.g., URN |
. IR e +
| Characteristic | sdfProperty or | General description or |
| | sdf Data | domain properties |
S o e e e e oo oo o e e e e e e e e e +
| Schedul e | sdf Event or | Time-based acti ons, |
| | sdf Data | availability, or maintenance |
. IR e +
| Status | sdf Action or | Actual or cal cul ated |
| | sdf Property | operating conditions |
S o e e e e oo oo o e e e e e e e e e +
| Location | sdf NonAf fordance | Physical or |ogical |ocation |
| | | information |
. IR Fom e meemeeieeeeeceieemeaacaaas +
| Report | sdf Data | Measurenment sunmaries, |
| | | analytics, or |ogs |
S o e e e e oo oo o e e e e e e e e e +
| owner | sdf NonAffordance | Organization or entity

| | | responsible for the digital |
I I | twin I
oo o - Fom e e e oo o e e e e e e e e m e e +
| Relationship | sdf Rel ation | Inter-object/inter-twn |
| | | relationships |
. e +

Table 1: Digital twi n nodeling wthin sdfThing
5. Exanpl es

5.1. Boat nodeling

The exanpl e of boat007 Figure 2illustrates how a Digital Twin
representati on can be constructed for a heater conponent (heaterl)
installed on a specific vessel (boat007). The Digital Twin is
nodel ed using the sdf Thing structure, which references the heater
obj ect defined in the sdf Object section.
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"sdf Thing": {
"boat 007": {
"label": "Digital Twin of Boat #007",
"sdf Required": {
"heater1": "#/ sdf Object/heater"

} i)
"sdf NonAf f or dance": ({

"identifier": { "type": "string", "const": "urn:boat:007: heater
1" 3,
"l ocation": { "type": "string", "default": "Deck A, Port Side" }
1 "owner": { "type": "string", "default": "QceanTech Ltd." }
}
}
b
"sdf Gbj ect": {
"heater":
"l abel ": "Cabin Heater",
"sdf Property": {
"status": { "type": "string", "enum: ["on", "off", "error"], "d
efault": "off" },
"characteristic": { "type": "string", "default": "12V electric h
eater, 800W }
}1
"sdf Bvent": {
"mai nt enanceSchedul e": { "type": "string", "format": "date-tine"
}
b .
"ni pcProtocol ": "zigbhee"
}
}

",ontextSnapshot": {
“thingld": "boat-007",
"timestamp": "2025-06-20T09: 00: 00Z",

"context": {
"location": { "lat": "35.2988", "lon": "129.2547", "alt": "0.0" },

"installationlnfo": { "floor": 1, "nountType": "wall" }
}

}
}

Figure 2: An exanple of SDF mapping for digital twin
5.2. Relationship nodeling
To enabl e advanced nodeling of inter-object and inter-twn
rel ationships, this docunment adopts the sdf Rel ati on extension as
defined in [I-D.draft-laari-asdf-relations]. The sdfRelation keyword
al | ows describing compl ex rel ati onshi ps beyond just the parent-child
hi erarchy. These rel ationshi ps can incl ude:

* Physical relations (e.g., "inside", "next to")
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*

*

Functional relations (e.g., "controls", "is controlled by")

Semantic relations (e.g., "simlar to", "same as")

The sdf Rel ati on definition can include the followi ng fields as
defined in [I-D.draft-laari-asdf-rel ations]:

*

rel Type: Specifies the type of relationship that can an externa
ontologies (e.g., SAREF[sarefd4bldg]) can refer to.

target: Points to the SDF object or an external ontology termthat
is the target of the relationshinp.

description: Provides a detailed textual explanation of the
rel ati onshi p.

| abel : A short hunman-readabl e | abel for the rel ationship.

property: Additional properties describing the relationship
cont ext .

$comment: Optional properties including inplenenters notes.
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{
"namespace": {
"saref": "https://saref.etsi.org/saref4bldg/v1l.1.2/"
1
"sdf Gbj ect": {
"lightbul b": {
"description": "A smart |ightbul b",
"sdf Property": {
"adj acent - node": {
"type": "object",
"sdf Type": "link"
},
"sdf Rel ation": {
"sameRoomAsThermostat ": {
"rel Type": "saref:islLocatedln",
"target": "#/sdf Object/thernostat”,
"description": "This lightbulb is located in the sane room
as the thernostat.",
"l abel ": "Located together"
}
}
},
"thernostat": {
"description": "A thernostat in the sane roont,
"sdf Property": {
"adj acent - node": {
"type": "object",
"sdf Type": "link"
}
}
}
}

Figure 3: An exanple of sdfRelation

6. Requirements for digital twin

A digital twinis a partial representation of sdf Thing or sdf Object
that contains attributes such as sdfProperty, sdfAction and

sdf Event [ | SO23247-1]. By representing sdf Thing as a digital twn,
crucial events that require appropriate action can be quickly
detected and controlled. The requirenments defined in [|1SO23247-1]
are applied to represent sdf Things and sdf Cbjects as digital tw ns.

* |dentification: sdf Things and sdf Cbjects should contain data that
uniquely identify themas digital twns.
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* Data acquisition: data related to sdf Thing and sdf Object, such as
sdf Property, sdf Event, and sdf Action, should be collected fromIP
and non-1P devi ces.

* Data analysis: collected data needs to be anal yzed to understand
the state of sdf Thing and sdf Obj ect.

* Accuracy: The sdf Thi ngs and sdf Obj ects shoul d be represented as
digital twins with appropriate |levels of detail and accuracy,
dependi ng on the application

* Synchroni zati on: sdf Thi ngs and sdf Cbj ects shoul d be synchroni zed
with the digital twin at intervals appropriate to the requirenents
of each application. Newy added or del eted sdf Thi ngs and
sdf Cbj ects shoul d be recogni zed and reflected in the digital tw n.

7. Procedure for digital twin inplenentation
7.1. Overview

It is essential to define a standardi zed i npl enmentati on procedure to
ensure interoperability, scalability, and effective lifecycle
managenment across digital twin systens. This section outlines a

st ep- by-step approach aligned with the Semantic Definition Fornmat
(SDF) nodel and its architecture, enabling consistent nopdeling,
integration, and operation of digital twins in IoT environments. A
recomrended procedure for representing an sdf Thing as a digital twn
within a specific domain is outlined as foll ows:

* defining a purpose for expressing the observabl e object, as known
as a physical asset or an object of interest, as a digital twin in
t he donain

* organi zi ng data based on the roles of the observable object in the
domai n

* configuring the observable object into the digital twin based on
the data for the purposes

* interworking with a digital twin of each of other domains in which
the observabl e object perforns a different role

* synchroni zing the observabl e object and the digital twin
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7.2. ldentifying and scopi ng physical assets

The first step is to clearly identify the physical assets that wll
be represented as digital twins. This step includes assigning a
global ly unique identifier, such as a URN or UU D, and deternining
the extent of nobdeling. It also involves decidi ng whether the uni que
identifier will cover the entire systemor focus on a specific
subsystem or component. Although all assets in space can be
represented by digital twins, it is cost-effective to select assets
for inplementation purposes and configure themas digital twns.

7.3. Defining a digital twin

A detailed digital twin should be defined using SDF structures,

i ncludi ng sdf Thing and sdf Gbject. This step requires specifying

af f ordances such as sdf Property, sdfAction, and sdf Event, as well as
non- af f ordance netadata |ike |ocation, owner, and other descriptive
el ement s t hrough sdf NonAf f or dance.

7.4. Met adat a and contextualization

This step adds netadata that enriches the context of the digita
twin, such as geographic | ocation, ownership details, manufacturing
informati on, and feature sumaries. |t can al so support advanced
anal ytics and nmanagenent, including contextual attributes such as
production schedul es or mai ntenance peri ods.

7.5. Binding Interfaces and Conmuni cati ons

Digital twins are bound to real-world conmunication interfaces and
protocol s such as MJIT, CoAP, and HTTP. This allows affordance of
SDF nodels to interact with real -world data sources, APls, and
physi cal assets in a snmooth and reliable nanner

7.6. Verification and conpliance

Once an asset is defined and bound as a digital twin, it should be
val i dat ed agai nst syntax and semantic rules using tools such as JSON
schema validators or CDDL definitions. Conpliance with specific SDF
profiles or domai n-specific standards nust also be verified to ensure
interoperability.

7.7. Deployment and registration
After verification, the digital twins are deployed in a digital twn
registry, edge system or cloud infrastructure. This step involves

registering the nodel with the discovery service for integration and
use by other systens or stakehol ders.
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7.8. Runtine nonitoring and updating

During operations, digital twins need to continuously nonitor rea
data and update their status accordingly. Properties updates, event
processing, and partial updates using contextPatch nessages shoul d be
supported for efficient and |ightwei ght synchronization

7.9. Lifecycle and gover nance managenent

The life cycle of the digital twin is managed through version
tracking, audit |ogs, and conpliance docunents. This step ensures
safe and transparent governance and enabl es proper disposal and
deregi strati on when assets are no |onger avail able.

8. Security Considerations

Only aut horized users should have the authority to nanage digita
twi ns, sdf Things and sdf Cbjects. Also, Secure communication and
metadata integrity are essential when inplenenting digital tw ns.
Al'l context messages, including contextPatch and identityMnifest,
must have nechani snms such as aut hentication and authorization
appl i ed.

9. | ANA Consi derations
Thi s docunent has no | ANA acti ons.
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