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Challenge

How to quickly and easily integrate a new data
source into a generalized system?

Possibly without any model for the new data
New data may use foreign terminology

Any implicit model of the data may not align with the
receiving system
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High-Level System Design
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+
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Base Ontology

owl - Thing

| e—

/ sc:Locatioh \
/ﬁ scialtitude : string[0..1])

M =cformart : string[1..1]
M sclatitude :

/

sc:TimeStamp

string[0..1] qudt:value : qudt:TimeUnit[1..1]

M sc:longitude : string[0..1] 4
&c:prinmame : string[ly sClntatedAt A hasTimeStamp
/ sc:Event

e
/ sCService \
¥ I scisAssociatedWith - sc:Event[1..] \
[ sc:produces : scinformationArtifact
M scconsumes @ scinformationArtifact
M =c:hasGUID : string[1..1]
= {sc:hasLabel : string

sc:ServiceProvider
[ sc:provides : sc:Service

/‘sc:isAssociatedWith : sccResource or sc:Service or sc:Location or sc:Ev}\

[ |
M =c:hasLabel : string

sc:ServiceConductor

sc:Resource

[l sc:orchestrates : scService

—

\~

~ I scisAssaciatedWith : sc:Event[1..]

scthasGUID - string[1..1]
M scchasTimeStamp : sc:TimeStamp[1..1]
\{isHazard : boolean

\4]

sc:ComputationalEvent
[ sciisAssociatedWith : sc:informationArtifact

sc:MeasurementEvent
[ scisAssociatedWith © sc:Sensor

5CisASS

[ sc:locatedAr : scLocation

sc:RegistrationEvent

ociatedWith [1..]

sociatedWith”

[ sc:playsRoleOf - sc:ServiceConductor or sc:ServiceProvider
M schasGUID : string[1..1] )
scchasLabel : string

sc:Device
[ sclocatedAr : scLocation[1..]

sc:Person 1l

_ SEaptTiess

- B _ scinformationArtifact
[ sc:locatedAt - sc:Location|0..0]

sciisAssociatedWith

sc:Sensor

[ scplaysRoleOf : sc:ServiceProvider
[l scproduces @ sc:Measurement
I scprintMame - string[1..1]

M scshortMame : string[1..1)

sC:ResourceRegistry
[ sciisAssociatedWith : sc:RegistrationEvent[1..]

[ sciisAssociatedWith : scResourceRegistry

sciisAssociatedWith [1..]

sciisAssociatedWith

Versionl of Base Ontology available at https://sites.google.com/a/steveray.com/ontologies/home/repository/CoreSCModel.ttI?attredirects=0&d=1
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Information Flow

json:device_agent : jsom:Device_Age [ emuschasAgent : cmuscDeviceAger
[~ emuscuri: string[L. 1
[
rdfs:label : Literi
schaslabel : strin
S n r D t json:created_at : string[D..
e SO a a !son:gu\d : 5tr|r!g[CI.. . d/-:mu;-: hasAgent

json:metadata_json : string[0.

json:network_address : string[D [2} cmuscDeviceAgent

json:print_name : string[D.. emuschasetworkAddress : strir

json:updated_at : string[D. emuscmetadatalson @ strin

json:uri : string[0..: emuscuri ; string

json:id : decimal[D..1 rdfs:label : Liter:

json:referencedB scoreatedAt : scEven

rdfs:label : Liter: schasGUID @ string[l..
schaslabel : strin
scisAssociatedWith : scEvent[l
sclocatedAt : sc:locatio
scplaysRoleOf : scServiceConductor or scServiceProvi

chasTimeStamp : scTimeStamp{1.1]

json:guid : string[0..

- " rdfs:label : Liter:

[
jsonisensors : json:Sens

schasSensor : scSens
. scupdatedAt : strin
NASA ‘Retrieve data
cisazacd : bookan S P ! RQ L

CMUSV WA TN P
Sensor Data > *Synthesize ontologies Technologies
*Map to general ontology RDE
—== SPIN

@ json:Device ?—_l} build U@{E} cmusc:Device
json:iuri : string[0...
schasGUID : string[1..
@ json:Device_Agent [:>\ scplaysRoleQf : scServiceConductor or scServiceProvi
=
“ecomporedol G

“Cattude  tngl0.3
schomat : strm

OpenReferral
Social
Services Data

SCSansor

qudtquantity - quat Quartity
sc TR i

Also Enables =
Inferencing over data = === e
Federated data stores l‘
Distributed queries

doublef
quatstandsrdUncertsinty: doublel0.]

-
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Sample input data

{"uri":"23420cad4e4830bee","deviceUserDefinedFields":"For
test","location":{"longitude":10.123,"latitude":10.123,"altitude":10.123,"representation":"test location
description"},"sensorNames":["fireImpXAccelerometer23420ca4e4830bee","fireImpYAccelerometer23
420cad4e4830bee","fireimpZAccelerometer23420cad4e4830bee”,"firelmpMotion23420cad4e4830bee","fi
reimpLight23420ca4e4830bee","fireImpPressure23420ca4e4830bee","fireImpHumidity23420ca4e483
Obee","fireimpDigitalTemperature23420ca4e4830bee"],"deviceTypeName":"Firelmp
V1C","manufacturer":"FireImp","version™:"1C","device TypeUserDefinedFields":"","sensorTypeNames":|

"fireimpXAccelerometer","firelmpYAccelerometer”,"fireImpZAccelerometer”,"fireimpMotion","fireImpDi
gitalTemperature","fireimpLight","fireimpPressure","fireimpHumidity"]},
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Interpreted as JSON Classes

] jsen:Device (10) jsonaltitude

® json:DeviceType (10) jsonideviceTypeMame

@ json:Location (10) jsonideviceTypeUserDefinedFields Class Form

P j.SDH:REEdIﬂg 11 j.SI:Ir'I:dE“JfCEUrI . _ Mame: jsnn:Heading

] jsonisensor (25) jsonidevicelserDefinedFields -

® json:SensorType (16) |soninterpreter + Annotations
jsoniislndoor
json:latitude * (lass Axioms
J_S'Dn:lmat_m" rdfs:subClassOf ~
json:lengitude g

owl:Thing

json:manufacturer

JsomimaximumValue jsonisindoor max 1

json:minimumValue jsorisindoor only xsd:boolean
jsonipurpose i
jsorcreferencedBy json:sensorMame max 1

json:representation json:sensorMame only xsd:string

json:sensorCategoryMame json:timeStamp max 1

json:sensorMame X - i
: N jsentimeStamp only xsdistring
JFonseEnsoriNames

jsonisensorTypeMame jsonivalue max 1

G GG

json:sensorTypeMames json:value only xsd:string
jsonisensorTypeUserDefinedFields

jsonisensorl)serDefinedFields

json:timeStamp

jsoniunit

Jsonur

jsonivalue

jsoniversion

-~
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Manually Map JSON Entities to Target Ontology
(the one manual step)

Sometimes trivial...

[ ] json:Device L th cruscDevice
jsondeviceTypeMame : string[0..1] cruschasCatalogEntry : crusc:DeviceRegistry
jsonisensorMames @ json:Location = [0 cmusc:hasDeviceTypeMame @ string
jsoniuri : string[0..1] cruschasMetworkAddress : string
jsondeviceTypellserDefinedFields : string[0..1] crnuschasRegistrationTime @ string
jsondevicelserDefinedFields : string[0..1] = [0 cmusc:hasSensorMamelist @ string
json:location @ json:Location(0.1] rdfs:label : Literal
jsorimanufacturer @ string[0.1] ' sc:hasGUID : string[1..1]
jsonisensorTypeMames : string scchasLabel : string
jsonversion : string[0..1] sc:hasSensor : cmusc:Sensor
rdfs:label : Literal soiisfssociatedWith @ sciEvent[1..]

soilocateddt ; scilocation[l1..]
scplaysRoleQf @ scServiceConductor or scServiceProvider

-~
=
s
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...sometimes more complex

qudrt:Quantity
gudt:description : string[0..1]
gudt:quantitykind : gudt:QuantityKind
gudtquantityValue ;| gudtQuantityvalue(1..]
rdfs:label : Literal

7 qudt:quantity

qudt: QuantityValue
gudt:numericValue - qudtnumericUnion(1..1]
gudt:relativeStandardUncertainty : double[0..1)
gudt:standardUncertainty © double[0..1)
qudt:unit : qudt:Unit[1..1)
qudt:valueQuantity : qudt:Quantity[0..1)
rdfs:label : Literal

‘\1:} build URI H sc:Measurement
b [ qudt:quantity : qudt:Quantity

g rdfs:label : Literal

PP sc:hasGUID ¢ string(1..1)

scchasLabel : string

sciisAssociatedWith : sccEvent[1..]

sc:locatedAt - scLocation

sc:playsRoleOf : sc:ServiceConductor or sc:ServiceProvider

7 et esoucel;
]\

[] json:Reading
json:sensor_type - string[0..1]
jsonwvalue : decimal[0..1)
json:timestamp : decimalf0..1]
rdfs:label : Literal
json:device_id : string[0..1]

[+ build URI [> sc:Event

rdfs:label : Literal

scchasGUID : string[1..1)

scchasLabel : string

schasTimeStamp : sc:TimeStamp(1..1]

scisAssociatedWith : sc:Resource or sc:Service or scLocation or scEvent
sciisHazard : boolean

-~
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Why We Have Extensions

AT

e j JSON Data

4

Base SC Ontology

Generate Json Ontology Script

Generated
Ontology
+

RDF Data

Extension Ontology

Base Mapping File

Extension Mapping File

4

Mapping Script

Instance data compliant with SC ontology
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Some Extension Classes for a Sensor Source

| sc:Resource

sciisAssociatedWith : sc:Event[1..]

sc-locatedAt : sc:Location

sc:playsRoleOf : sc:ServiceConductor or sc:ServiceProvider
sc:hasGUID : string[1..1]

sc:hasLabel : string

@ cmusc:SensorRegistry
W cmusc:hasMaximumValue : qudt:QuantityValue
M cmusc hasMinimumValue : qudt:QuantityWalue
Il cmusc: hasUnit : qudt:Unit

ﬁ K Bl cmusc hasinterpreter : string
Ml cmuschasManufacturer : string

BEEEN

@ cmuscDeviceAgent sc:Device Ml cmusc:hasSensorCategoryName : string
[l sc:createdAt : sc:Event [ sc:locatedAt : sc:Location[1..] Ml cmusc hasSensorTypeUserDefinedFields : string
Bl cmusc hasVersion : string

(MW sciupdatedAt : string ;
Bl crmusciuri ; string 5C
Ml cmusc hasNetworkAddress : string
Il cmusc:metadatajson : string

Ml cmusc:hasSensorTypeName : string

sc:DeviceRegistry sc:Sensor
M sc.composedOf : scDevice [ sc:playsRoleOf : sc:ServiceProvider
[ sc:produces : sc:Measurement = . sc:SensorRegistry
? | sc:printName : string(1..1) ce-composddd sc.compasedOf @ sc:Sensor
| sc:shortName : string[1..1]
@ cmusc:DeviceRegistry
Bl cmusc:hasDeviceTypeName : string AP tedwW
B cmusc:hasDeviceTypeUserDefinedFields : string -
- cmusc:hasManufacturer - srring . l:musc'Sensur sc:MeasurementEvent
Il cmuschasSensorTypeNames : string Ml cmusc:isinDevice : cmusc:Device [ sciisAssociatedWith © sc:Sensor

Bl cmuschasDeviceName : string

Il cmusc hasVersion : string
Ml cmusc:hasSensorTypeName : string

@ cmusc:Device
[ cmusc hasCatalogEntry : cmuscDeviceRegistry
[ sc:hasSensor : cmusc:Sensor
Ml cmusc hasDeviceTypeName : string
Bl cmusc:hasSensorNameList @ string
B cmusc:hasNetworkAddress : string
Il cmusc:hasRegistrationTime @ string

® cmuscMeasurementEvent
Ml cmusc:hasTimeStamp : sc:TimeStamp
[l scmadeBySensor : cmusc:Sensor
M schasValue : qudt QuantityValue
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Refactoring Models

DeviceType

+usedIinDevice Type

- deviceC

SensorType

+containsSensorType | -

ame :string

interpreter :string
manufacturer :string
maxWalue float

— Catalog rather than subclass

User

- userMame :string
- userProfile sfring

A 1
\ Group

- groupMame :string

- manufacturer :string a.- 0.7 . minvalue :float
- version :float - sensorCatalogMame string
- unit :strin
+hasCatalogEntry 1 - vEoeT 'fliat
+hasCatalogEntry 1
o= a.
0.7 0.
0..*
5
Device .
+inDevice +oontainsSes - id :stri
0 i g containsSensor guid :shing
- networkAddress sting |1 0.*
- registrationTime :shing
+containsDeviee | 0.7
+sensor_guid i
+haslLocation | *
a.-
Location
- altitude :float[0..1] EEETIREET T
- latitude float [D..1] | float
- longitude -float [0..1] gl reREeiTes
- printName :string [0..1]
+atlocstion 0.7 +orReading 0.7

My M A

7
4
1
.
»
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»
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+gtTime 0 .=

+atTime -

Timestamp

- dateTimeValue :float
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Dynamic Definition of New Subclasses

- v sc:Device (0 + 70)
v cmusc:Device (10 + 10)
@ cmusc:AndroidDevice (1)

v sc:Device
cmusc:Device

sc:Actuator

acCompimiinien @ cmusc:Bodevicetype (5)

sc:MeasurementDevice ® cmusc:CMU

v @ sc:Sensor @ cmusc:DeviceType0228 (1)

cmusc:Sensor @ cmusc:DeviceTypel (2)
scAccelerometer ® cmusc:DeviceType2
sc:AudioSensor @ cmusc:DeviceTypetest
sc.ComplexSensor ® cmuscFirefly
scHumiditySensor @ cmuscFireflyv3
sclightSensor ® cmusc:FirelmpVIC (1)

sc PressureSensor
sc. TemperatureSensor

sc:Actuator

sc:ComplexDevice

sc:MeasurementDevice

¥ scSensor (0 + 50)
¥ cmusc:Sensor (25 + 25)

@ cmusc:AndroidMobile (13)
@ cmusc:FirelmpDigitalTemperature (1)
@ cmusc:FirelmpHumidity (1)
@ cmuscFirelmpLight (1)
@ cmusc:FirelmpMotion (1)
@ cmusc:FirelmpPressure (1)
@ cmusc FireimpXAccelerometer (1)
@ cmusc:FireimpYAccelerometer (1)
@ cmusc:FirelmpZAccelerometer (1)
@ cmusc:MotorolaTemp (2)
@ cmusc:SensorType2
@ cmusc:TempSensor0228 (1)
@ cmusc:TestPressure
@ cmusc:TestPressure2
@ cmusc:TestSensorTypeName

@ cmusc:TexasinstrumentTemp (1) Sili(tOll‘/a]ley
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Newly-defined Class and Populated Instance Data

cmuscFirelmpVic

cmuscthasCatalogEntry : emusc:DeviceRegistry
cmuschasDeviceTypeMame @ string
cmusc:hasMetworkAddress : string
cmuschasRegistrationTime : string
cmuschasSensorMamelList @ string

rdfslabel : Literal

sc:hasGUID : string[1..1]

scthaslabel @ string

scthasSensor : cmusciSensor
scisAssociatedWith : sc:Event[1..]

scilocatedAt : scilocation[1..]

seplaysRoleOf : sc:ServiceConductor or sc:ServiceProvider
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Resource Form
Fame: cmuscDevice-23420caded830bee

 Annotations

= Other Properties

cmuscchasDeviceTypeName ~
Firelmp V1C

cmusc:hasSensorMamelist =~

m ["firelmpXAccelerometer23420cad ed830bee”,
"firelmpY&ccelerometer23420cad ed&30bee”,
“firelmpd&ccelerometer23420cad edB30bee”,
“firelmpMotion23420caded830bee”,
"firelmpLight23420caded830bee",
"firelmpPressure23420cad ed830bee",
"firelmpHumidity23420cad ed830bee”,

"firelmpDigital Temperature23420 cad ed830bee"]
schasGUID ~

23420caded830bee

sc:hasSensor ~

# cmusc:Sensor-firelmpDigital Temperature23420 cade4830bee

# cmusc:Sensor-firelmpHumidity23420 caded830bee

# cmusc:Sensor-firelmplight23420cad e4330bee

# cmuscSensor-firelmpMotion23420caded830bee

# cmusc:Sensor-firelmpPressure23420cad e4830bee

¥ cmusc:Sensor-firelmpXAccelerometer23420cad ed830bee

# cmuscSensor-firelmpYAccelerometer23420cad e4830bee

# cmuscSensor-firelmpZ Accelerometer23420cad e4830bee

rdf:type ~
crmuscDevice

crmusc:FirelmpV1C

Resource Form

Mame: | <http:/fwww.cmusv.edu/SmartComimi

+ Annotations

~ Other Properties

cmuschasTimeStampString =~

Mar 25, 2014 12:18:52 AM

cmusc:hasValueString ~
-0.75138855

W

cmusc:madeBySensorWithMame =~
androidAccelerometer

scisAssociatedWith ~
# cmusc:Sensor-androidAccelerometer

rdf:type
cmusc:MeasurementEvent
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How will this help?
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One loT Universe — The Smart Grid

62351-7 comm nhet

WS Calendar

EMIX ‘
CIM 61970
OASIS energy
interop
CIM 62325
CIM 61968
OpenADR ,
‘ C12.19
ICCP |
 E— Multispeak
61850-410 | —
N - ;
hydro ISASS Zigbee smart
energy profile
61850-420 ’ ‘
DER 61850
61400-25-2 = ——(solar... ISA95
wind ‘ ‘ | ~ _— ASHRAE —
61850-420 SPC201
IEEE 1815 — IEEE ¢37.239 DER FSGIM
dnp3 B comfede solar...)
| | ISO 16484
BACnet
NAESB TR |
' energy usage
naspi gy 9 LonTalk

-
S
<
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“Meter”

Do they all really mean the same thing?

Multispeak V4.1
AL
IEC 61968 «XS[:;i:ODEZTC:DE»

N
[% Core::

{1 ldentifiedObject

«XSDcomple. .
meters
Assets:: IEC 61970 R
0.1
Asset «¥XSDcomple...

electricMeters «XSDcomple...
0.1 0.1 propane Meters

«XSDcomple... «XSDcomple...

mmon:: Assets:: Assets:: Identified Ohject g crtacten i verers

cation AssetFunction AssetContainer

A\ A

Location DeviceFunction EndDeviceAsset [ NAES B PAP 10

/V/?fi A

iction ComFunction MeterAsset Meter + |D: string
+ name: strng [0..1]
’
‘.
4
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Interoperability Standards battles?

Open Interconnect Consortium
Intel, Samsung, Dell...
plus a few others

Industrial Internet
Consortium

AT&T, Cisco, IBM, Intel...
plus ~75 others

Thread Group
Google (Nest), ARM,
Samsung appliance...
plus a few others

AllSeen Alliance
Microsoft, Cisco,
Qualcomm, LG...
plus ~60 others
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