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oneM2M system users

Applications oneM2M system user
. ' . - Application developers
Service (Sensing, Actuation) _ Device provi der(HW /SW)

Other Service
System

Device World ‘ Non-Device World

M

[Device Provider

* Sensing: get raw data or get processed information
* Actuation: storing, computing, displaying, playing, etc.
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Users’ Requirements

* Application developers’ Requirements

[URA#1] Effective and easy thing(service) discovery
and utilization

[URA#2] Cognitive service provision

* Device providers’ requirements

[URD#1]One-implementation for many-purpose
uses
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Y
System Requirements v

[SR#1] The M2M System shall provide a consistent view(information
model) on things (including both of physical devices and virtual devices)
[URA#1,URD#1]

— abstraction

[SR#2] The M2M System shall provide capabilities of semantic discovery
[URAH#1]

— Semantic data interoperability, semantic-based discovery

[SR#3] The M2M System shall provide capabilities of semantic mashup
[URA#2]

— Virtual things manipulation

[SR#4] The M2M System shall provide capabilities of data analysis for
context aware service provision [URA#2]

— Reasoning(inference)
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Functional system requiremen

description TS-
0002

FSR#1

FSR#2

FSR#3

FSR#4

FSR#5

FSR#6

The M2M System shall provide a generic information model for M2M
system representation(including thing, physical device, virtual device,
sensing data, etc.)

The M2M System shall be able to provide translation mechanisms
between Information Models used by M2M Applications, M2M
Devices/Gateways, and other devices.

The M2M System shall provide capabilities to model relationship
between resources and M2M Applications

The M2M System shall provide capabilities to manage semantic
descriptions of resources and M2M Applications, e.g, create, retrieve,
update, delete, associate/link.

The M2M System shall be able to provide interworking capabilities
between different modeling languages for semantic descriptions.

The M2M System shall provide data repository for M2M system
information(thing specifications, thing measurements)
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Functional system requiremen

description TS-
0002

FSR#7  The M2M System shall be able to provide interworking capabilities SR#2  SMR-

between different modeling languages for semantic descriptions. 003
FSR#8  The M2M System shall provide capabilities to discover M2M SR#2  SMR-
Resources based on semantic descriptions. 004
FSR#9  The M2M System shall support the capability to access semantic SR#2  SMR-
descriptions which are outside of the M2M System. 005
FSR#10 The M2M System shall be able to provide capabilities for performing SR#3  SMR-
Semantic Mash-up using M2M data from M2M Applications and/or 007

from the M2M System (e.g. to create Virtual Devices, offer new M2M
Services, etc.)

FSR#11 The M2M System shall be able to support capabilities for performing  SR#4  SMR-
M2M data Analytics based on semantic descriptions from M2M 006
Applications and /or from the M2M System.
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Non-functional system requireme

TS-0002 description System
requirement

SMR-002 The M2M System shall support a common modeling SR#1
language for semantic descriptions (including relationships
between Things) in order to make them available to M2M
Applications.
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Use cases - #1: thing registratic!w

(" Semantic Repository N
Ontology Modeling Ontology Data
[FSR#3] Repository Repository
[FSR#6] [FSR#6]
A
reference Reasoning(feature detection, association)
[FSR#5] )
*
reference f . . R
Semantic annotation [FSR#4]
: , :
Device Abstraction [FSR#1,2]
i I I ‘
Device ] [ Non-Device

= Device: An apparatus through which a user can perceive and interact with the internet
= Non-device: an software entity through which a user can perceive and interact with the internet
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Use cases - #2. data flow-in

Application

S

response
~

7

*
Semantic Query Processor [FSR#10]

request v

)

query v 4 result(event&context)
( Semantic Repository )
I D
Ontology Modeling Onto ‘ogy at'a
[FSR#3] Repository Repository
[FSR#6] [FSR#6]
~ y r
reference Reasoning(feature detection, association)
[FSR#5] )
4 + N
reference

Semantic annotation [FSR#4]

L

Device Abstraction [FSR#1,2]

A

A

e |

Non-Device
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Use cases - #3: semantic discovery

|:App|ica:|tion ig? EI';:/ivcear“tir?: ;il\(;\r’];I rf)zmrpeﬁgerature"
Semanicsupport 1. App query “lower the
and the relationships between things, data,... I iVi ng roo m te m pe rat u re[’
Abstract Information ggAbss\;;ffr: g;YL?;;ZY;L?3vrir':tTlaDn=%OOO7“ 2 Se m a n ti C a rsi n of t h e
Mode Abstraction of the specific technologiesj ° p g
ir;':)ppmg (syntactic support) [ ) u e r .
2o aemaie o] AR o '
Clor‘nmand>toendp0in‘g - J 3. Semantlc d|Scovery Wlth
request .
) q v response. thingType =
Semantic Query Processor [FSR#10] “temperature” and
~ < . IR ”
query vy *  Discovered Things location = “living room
4 Semantic Repository ) by using ontology
4. Select things based on
Ontology Data 8
Repository Repository context
\ [FSR#6] [FSR#6] ) 5. Send a command to the
. . selected device(s)
Device Abstraction [FSR#1,2] 6. Send aresponse to the
) T ’ application
Device ]
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Use cases -

Y
4: semantic mashw

|

Let me know the average
temperature of this room

Application

v

requesty

4 response

Semantic Query Processor [FSR#10]

N\

v

Device Abstraction [FSR#1,2]

v

Device

\

J
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App query “temperature
of this room”

Semantic parsing of the
query.

Semantic discovery with
thingType =
“temperature” and

queryy 4 Discovered things location = “living room”
(" Semantic Repository ) by using ontology
[ Ontology ] [ Data ] Make a things-group
Repository Repository based on context
IR Il y Send commands to the

selected devices
Take average value from
collected sensing data
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Use cases - #5: reasoning

\

If the highway is frozen, let
drivers know to detour in other

ways Application
Temperature < x and humidity > Y ) .
] ) 4 Semantic Repository N
define reasoning rules
. Ontology Data
[ Ontology Modeling [FSR#3] ]— - sty
[FSR#6] [FSR#6]
\_ J
reference [ Reasoning(feature detection, association) |
L [FSR#5] )
f

reference

Semantic annotation [FSR#4]

7

Device Abstraction [FSR#1,2]

f

Device
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Context detection(ex: The highway is frozen)
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Semantic System framework (draft

L

Underfying Network
Service Entity (NSE)

Figure 6.2-1: Common Services Functions
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— process 4 p
= => |eference Application
Semantic Query Processor[FSR#10]
\ J
( ic Renasitorv )
Ontolo .
Ontology . tgl\’/y Data Repository
: Modeling [FSR#3] [FSR#6]
FSR#6,7,8,9
1 Application - - ~
I Entiy (AF) Reasoning(event/feature detection) [FSR#5,
I == W Rqérence = 11]
[ co g se}vices Entity (CSE) L
e=tY-X (———=== )
Application and Communication :
:‘ Serves Layer i _ Management/ :[D“EQZ?OZ%%”&“ l}{—nng—t ,L Semantic annotation [FSR#4]
[ O B e \) Network Service
|\ Discovery [ Marl\aar;:r?went ]: [ Location J [ E)(Eitis_lt_irr‘z.fs;;r:ice
(S====== === g Device Abstraction [FSR#1,2]
b [ Registration ]| [ Security ] [ Service Cha_rging&} [ Su!)sc_riptio_n and ] L )
l- S J Accounfing Motification J - -
—T— Mcn Reference Point DeV|Ce ] [ Non-De\nce
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Thing Description model (draft)

Thing = sw entity with identifier(s)
and interface which resides in
physical entity or virtual entity

hasTime

Time OWL-time

\ hasLocation

trigger

Geo OpenCyc

Event
Inferred rdf:type
. Agent
g
Context
Foaf
Action . Core Thing Description Model

J Extended Thing Description Model

----9%  owlimports

----p> rdf:subClassOf
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Core Thing model

|:| Outer defined owl:Class
|:| Inner defined owl:Class

Type owl:ObjectProperty or

owl:DatatypeProperty
----»  rdfisubClassOf

Geo hasType

interact

hasLocation
_ hasOperation ' Y Datatype
Thing Operation [
rrrrrrrrrrrrrrrrrr 2N hasMethod Unit
Method
Device Non Device — .
/\ o measures \ """ POl |Cy
uses/owns i — Goal
System App
Measurement
Agent hasTime
hasValue

xsd:Literal Time
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Core Thing model-Turtle#1

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schematt> .
@prefix owl: <http://www.w3.0rg/2002/07 /owl#> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .
@prefix geo: <http://GeoOntology#> .

@prefix agent: <http://AgentOntology#> .

@prefix time: <http://TimeOntology#>

@base: <http://ThingOntology#> .

<http:// ThingOntology#> rdf:type owl:Ontology;
rdfs:comment “This is an Thing Ontology”;
owl:imports <http://AgentOntology#>;
owl:imports <http://GeoOntology#>;
owl:imports <http://TimeOntology#>.

# Thing Ontology Classes
:Thing rdf:type owl:Class.
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Core Thing model-Turtle#2

:Device rdf:type owl:Class;
rdfs:subClassOf :Thing.
:NonDevice rdf:type owl:Class;
rdfs:subClassOf :Thing.
:System rdf:type owl:Class;
rdfs:subClassOf :Device.
:App rdf:type owl:Class;
rdfs:subClassOf :Device.

:Type rdf:type owl:Class.

:Operation rdf:type owl:Class.

:Datatype rdf:type owl:Class;
rdfs:subClassOf :Operation.

:Unit rdf:type owl:Class;
rdfs:subClassOf :Operation.

oneM2M-MAS-2014-11xx 18



Core Thing model —Turtle

:Method rdf:type owl:Class.

:Policy rdf:type owl:Class;
rdfs:subClassOf : Method.

:Goal rdf:type owl:Class;
rdfs:subClassOf : Method.

:Measurement rdf:type owl:Class.

# Thing Ontology Properties

sinteract rdf:type owl:ObjectProperty;
rdfs:domain :Thing;
rdfs:range :Thing.

:hasType rdf:type owl:ObjectProperty;

rdfs:domain :Thing;
rdfs:range :Type.

oneM2M-MAS-2014-11xx

19



Core Thing model —Turtle

:hasLocation rdf:type owl:ObjectProperty;
rdfs:domain :Thing;
rdfs:range geo:LocationCoordinate.

:hasOperation rdf:type owl:ObjectProperty;
rdfs:domain :Thing;
rdfs:range :Operation.

:hasMethod rdf:type owl:ObjectProperty;
rdfs:domain :Thing;
rdfs:range :Method.

:measures rdf:type owl:ObjectProperty;

rdfs:domain :Thing;
rdfs:range :Measurement.

oneM2M-MAS-2014-11xx
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Core Thing model —Turtle#5

:hasValue rdf:type owl:DatatypeProperty;
rdfs:domain :Measurement;
rdfs:range xsd:Literal

:hasTime rdf:type owl:ObjectProperty;

rdfs:domain :Measurement;
rdfs:range owltime:Timelnstant.

oneM2M-MAS-2014-11xx 21



Y
Use cases - #6: Core Thing Descrir!m)n

—--—»  rdfs:subPropertyOf

:hasOperation ——» rdfitype
:measures

owl:ObjectProperty or
N —

i . owl:DatatypeProperty
W Method ! Operation

----»  rdfs:subClassOf

iinteract

Datatype
/N\ / P
Measurement ,' | Goal a
:hasGoal '
/\ ~:hasDatatype Unit .
Device - :hasUnit \
Schema Layer | 7 i. :
Instance Layer
:contains : ‘hasGoal

:hasDatatype

:Thing_101
:Thing_102

:Temperature
:measures

:hasUnit

:Mes_101 :owltime:inXSDDateTime

:hasValue .
:time_101

2014-10-28T15:05:35 ]

oneM2M-MAS-2014-11xx
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Extended Thing model

Geo Model

Context Model owl:ObjectProperty or
|:D P

geo:SpatialThing context:Context

Event Model

--=-»  rdfs:subClassOf
geo:LocationCoordinate
’\ Core Thing Model event:Event

. xsd:float

xsd:float A >
time:TimeConcept

foaf:Agent
foaf:Organization -
owltime:Timelnterval

oneM2M-MAS-2014-11xx 23
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Use cases - #7: Extended Thing DescriMon

—--—»  rdfs:subPropertyOf
—— rdfitype

N owl:ObjectProperty or
owl:DatatypeProperty

agent:agent_101 :agent_102

foaf:surname ‘

foaf:surname

agent:family

B B ----» rdfs:subClassOf
Kwon agent:owns [ “Kim” ]
agent:owns :hasValue
:Temperature ‘hasGoal L :Mes_102
:Humidity >

<>

:hasGoal :measures

:hasTime
:hasLocation ‘hasValue
:Thing_101 :measures
geo:Location_101
‘ geo:hasPOI |

eo:longitude
& g :hasTime

geo:ETRI | geo:SpatiallySubsumedBy

19.432
127.345

geo:latitude

37.113

<>

geo:SpatiallySubsumedBy itime_101

5

geo:Daejeon

:owltime:inXSDDateTime
geo:Gajeongro

%

2014-10-28T15:05:35 ]
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— )"
Use cases - #8: Semantic Dlscoverv

. . . — > :
Find my family’s thing located near? e
agent:Me agent :agent_102 y  owl:ObjectProperty or

foaf:surname foaf:surname owl:DatatypeProperty
----» rdfs:subClassOf

agent:family

[ “Kwon” agent:owns [ “Kim” ]

agent:owns :hasValue

:hasGoal I :Mes_102

:Humidity

<>

:Temperature

:hasGoal

.measures

:hasTime

:hasLocation :hasValue

:Thing_101 :measures

geo:Location_101 I

geo:longitude

geo:hasPOI

geo:altitude geo:basedNear,

hasTime

geo:ETRI

geo:SpatiallySubsumedBy

<>

:time_101

19.432
127.345

geo:latitude

37.113

geo:SpatiallySubsumedBy
:owltime:inXSDDateTime

geo:Gajeongro

@c Daejeon
2014-10-28T15:05:35 ]
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Use cases - #9: Reasoning

<Context Rule> e :_—: rrci;fs.;s:pbePropertyOf
If event is very low and event is wet Event owl:ObjectProperty or
. I:
then context is frozen. A ”(‘j';et”ed — . :ffvssD a:zltayii;mperw
~ _ rdfitype 'x .
- \
<Event Rule> T——
' ~< . :very Low
If Temperature < 0 then very LOW. Humidity event:Trigger N hesstatts s>
If Humidity<= 70 then web. <> | /
hasGoal ]
-event :hasStatus ‘
wet
Thing \/  :measures
| ‘ event:Trigger
A ‘Mes. 102 _ —» Afternoon
:Thing_102 - Inferred

rdf:type/
/

‘Thing_101 | . “ _~ _——" LateAutumn

‘ :hasValue
:measures :time_101
:owltime:inXSDDateTime

:hasGoal ‘

‘ :Mes_101
2014-10-28T15:05:35 ]
:-Temperature
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V'L

Proposal

* Propose to rearrange TR from the purpose of
semantic adoption in oneM2M to detailed
level description (semantic framework and
data model)

* #1 :goal clarification of semantic technology adoption
into oneM2M system(users’ requirement)

* #2:rearrangement of system requirements based on
users’ requirements

* #3:propose a semantic system framework based on use
cases analysis

* #4 : propose generic information model on things
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