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Motivation 1/2

: S
How to get the meaning of the data: s
. <—milk—s] 1 litter: milk - Milk contains lactose?
o LIS - Allergic to lactose?
Application 1: - . Col -
Seait Kitehen <-orange—{1 kilo: orange - Orange: Color, Fruit:
% - If it is a fruit it contains vitamin C
.%4_110» 110°C - Cholesterol-free food
8 ‘ Suggest a recipe according to
- the external tem{perature and
L ' i Body’s temperature? the health? %g e
Application 2: L 40— 40°C |« External temperature? «
Health "
- Oven’s temperature? ;
<«—5——| 5g/L: cholesterol
Application 3: =
Weather \Q<—22——> 22°C

Forecasting
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Motivation 2/2

temperature -> cold——> Healthcare & Emotion (4)

TR > Wne - Diseases, Arthritis, Winter
Lumimosiy > grey - Seasonal Affective Disorder
- Mapping emotions to color [Nijdam 2009]

Intelligent Transportation Systems (2)
- Fog, Snow, Dangerous, No automation

(Grey -> sad, Yellow -> happy

Fog -> switch on fog lamp

Weather forecasting (1)
- Domain-specific application Agriculture, Food &
- Weather ontology ~4—Season -> food— Restaurant (5)
- Weather rules (Season, Cold, Hot, - Season, Food, Recipe
Snow, Sunny, Windy, Luminosity
Color, Fog)

Winter, cold -> heating

Summer, Hot -> Air conditionning Windy-> w.|ndsurf|ng
+ Snow -> ski

Sunny -> Sunbathing

Building automation (3)
- Season, Heating, Air-conditionning

Tourism (6)
- Activity (Ski, Sunbathing, Windsurfing)
- Vacation
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State of the art

= Semantic Sensor Web [Sheth 2008], Semantic Sensor TE
Networks: z '
» W3C SSN ontology, Sense2Web, SemsorGrid4Env, etc.

" Semantic Web of Things: Spitfire [Pfisterer 2011] Gpireire

" Machine-to-Machine (M2M) enables machines to
communicate with each other without human == THE—) \@;@
Intervention. -

" Limitations:
» Do not reuse domain knowledge (ontologies, datasets and rules)
defined by domain experts
» Do not introduce the Linked Open Rules

» Do not combine disparate domains.
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Contributions

® The M3 (Machine to Machine Measurement) approach _,
» Enrich M2M data with semantic web technologies SeEa!tic
» The M3 ontology: A hub for cross-domain knowledge

Web
— Naturopathy: smart home (kitchen), weather, health, affective
science

— Smart tourism: weather, transportation, activities
— STAC (security): sensor, cellular, web, mobile phone

“~

» LOR (Linked Open Rules): share and reuse domain rules

" M3 integrated in a semantic-based Machine-to-Machine
(M2M) architecture D

" Prototype: http://sensormeasurement.appspot.com/
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http://sensormeasurement.appspot.com/

The M3 ontology (Machine to Machine
Measurement)

= SenML protocol [draft-jennings-senmi-10]
Zone: R-313 in: Aix (What are you watching?)

SCNS0IS

m0a9036d—0e28-477c— e Lot ‘
i 106-2¢12168c9f6 [ addaMeasure |

temperature: (kind: temperature)

19 °C @ now {"v":"19%,"u":"Cel","t":0,"n}. "temperature”} 6/\/ h at is t h e measureme nt type ?)

. @Vhat is the sensor type?)

= Extension of the W3C Semantic Sensor Networks (SSN)
ontology (Observation Value concept)
» M3 focuses on the interoperability of the sensor data

" Classify all the concepts in the M3 ontology
» Domain (health, smart building, weather, room, city, etc.)
» Measurement type (t = temp = temperature)
» Sensor type (rainfall sensor = precipitation sensor)
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How to deduce new domain knowledge?

" Rules example:
» If Domain == Health && MeasurementType == Temperature
then NewType = BodyTemperature
» If BodyTemperature > 38°C then “Fever”

» BodyTemperature and Fever are already described in domain
ontologies or datasets!

" Reuse the domain ontologies already designed and
defined by experts
» “fever” has a meaning in health ontologies
» “hot” has a meaning in weather ontologies
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How to reuse domain knowledge?

" More 170 domain ontologies have already been

Implemented by domain experts in numerous

domains

Agriculture

Security

Domain
ontology with
concepts and
rules

Snow, Snow chain
[Ruta 2012]

Transport

[Motta- Kmi SmartProducts

Weather

Health

Butter, Salt,

Heart rate, spo2;
disease

feiristoskava 2014

2012}

Sun, Rain, Fog,
Wind, Hot, Cold

appy, Sad, stressed
Hastings 2011
oy [Berthelon 2013]

Temperature, Snow
Kofler 2011

Building automation
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Reference more than 170 domain ontologies

" Domain experts are not aware of semantic web best
practices! Domain ontologies are:

» Not published online
» Not linked with each other (intra-domain, cross-domain)

> Not referenced by.. Linked Open Vocabularies (LOV)
» Language: English, Chlnese German, etc.

" Encourage domain experts to publish and share online

the domain ontology according to the Semantic
Guidelines ”““E"g‘:"“,,eag%%l
Nonmpnemw"“‘

» http://sensormeasurement.appspot.com/?p=ontologies Moy g

" Various domains referenced:
» Smart home, eHealth, Transportation Systems
» Weather, Tourism, Affective Science, Food, Agriculture, Security
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http://sensormeasurement.appspot.com/?p=ontologies

representation of
energy-related
information in
future smart

Loy oy o o o,

sun cloud, fog)
Onto + Dataset + rules

washing machine,
dishwasher,
window)

Authors Year Paper Url onto Technologies Sensors Rules
Book Chapter: An ,
?7?7? Ontology URL 7?7?77 Light, Sound,
ontology-based
De paola , Concepts: Sensor, pressure,
, autonomic system ,
Mail: 05/02/14, |2014 for ambient Actuator, Device, SWRL, JESS temperature,
25/02/14 , , Closed, humidity, door
intelligence
, RoomOccupancy (close/open)
scenarios
Paper: A
feedback-based rule (age ->
Park et al
Mail: 17/02/14 approach to Cannot share the code temperature adult, fire, temp
: "12013 validate swrl rules |(research regulation). |SWRL p ' ' too hight,
Response: . humidity, c02 o
for developing Concepts: fire humidity too
20/02/14 L
situation-aware low)
software
Nguyen, Paper: ?7? Ontology URL 7?7?27
Raspitzu et al. Ontology-based Concepts: working .
. - . : \Acoustic, pressure,
Mail: 24/02/14, 5013 office activity room (PC), meeting Protege, Hermit, PIR (Passive
Response: recognition with room (presentation), Java API Infra(red
26/02/14, applications for coffee corner (having )
26/02/14 energy savings. coffee, having lunch)
Occupancy Sensor,
Paper: Thinkhome temperature,
. . |Ontology URL o
energy efficiency in Concebts- humidity, lighting,
Kofier et al future smart Weachr r.ain hail ventilation, solar Rules owl
, i 2011 homes 2011 A=t ' Pellet panel, wind turbine, [restrictions
ThinkHome . |sleet, snow, thunder, .
Paper: A semantic actuator (heating, |ontology




Intra-Domain Interoperability

" Link ontologies (owl:EquivalentClass, owl:SameAs)

antology with
concepts and
rules

1st step: Link ontologies in Agriculture

the same domain

lMotta Kmi SmanProduc(s
2012]

Sun, Rain, Fog,
Wind, Hot, Cold
Staroch 2013

accomodation

Fog = Foggy

dation,
Heating,
Water activity [Chien 3 PR
2013] AirConditioning
pitation;
Temperature, Snow
Kofler 201

og_lamp, Fog;
Snow, Snow chain
[Ruta 2012]

Tourism
Transport Building automation
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Health

Reart rate, spoZ;
disease
ristoskova 2014

N :

appy, Sad, stressed
Hastings 2011

Joy = Happy

Joy [Berthelon 2013]




Cross-Domain Interoperability

Health

1st step: Link ontologies in Agriculture

the same domain

Security
2012)

Weather

s atlon, ACtIV
Water actMty [amn
: 2013]

Tourism
Transport Building automation
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M3: a hub for cross-domain knowledge

" The M3 approach
» Enrich M2M data

» Reason about semantic M2M data
» A hub for cross-domain knowledge

Gensor ¥
Networ!
nagemen

k
a

Building Automation
Room, Temperature, Light, Humidit

ol

Environment
Pollution, Gaz, Fire, Tsunami,
arthquake, Floodin

griculture, Food & Restaurant
ipe, Food, Tracking marchandise, Agric
“% Weather Forecasting

Humidity, Temperature, Pressure,
Nind speed, Season, Luminosi

Emotion

Healthcare <y
Risease, Allergy, Diet, Weathes §"/

Naturopathy Hub =
8

N

-

Geo:

ceceYe

nconductance, Heart rate, Colo@

Tourism Hub
Accomodation, Activities, Weather

ransport
Traffic jam

= e
ey 35
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Rule Interoperability (Linked Open Rules)
“wTCombine Weather & Smart Home

» If external temperature < 15°C then cold (weather)
» If cold -> switch on heating (smart home)

p——
——

" Combine Weather & Transport -

-y «»

» If temperature <=0°C && precipitation > Omm then snowy (weather)
» If snowy -> switch on the snow chain (transport)

= Semantic Web experts design the SPARQL Inference
Notation (SPIN) W3C Recommendation . SP\N

SPARQL Infer

" Domain experts use Semantic Web Rule Language
(SWRL)
» Implemented differently according to the software used
— More than 7 various implementations
» http://sensormeasurement.appspot.com/index.html?p=rule
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Rule Interoperability (Linked Open Rules)

1st step: Link ontologies in Agricu|ture

the same domain
If blood pressure >=x
-> hypertension disease

T

Security _ = ; mom-ms&mwoduus.
s : 2012] <

Weather

\

i -> swith on heatine
If sunny ->

F 4
If fog -> swith ®
fog_lamp
4

wmr [r.hlen
2013]

t«nwaturo. Snow
[Kofler 201

f snow <> snow chain On e

Tourism
Transport Building automation

If precipitation >=1

water activity & temperature <=0
-> SNOW

Health
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Scenario 1: Body Temperature
Enrich M2M Data http://sensormeasurement.appspot.com/

Find food recommended when you are sick

SenML API (Simulate M2M measurements): Simulate temperature measurements

M2M Aggregation Gateway (Convert Health Measurements into Semantic Data}:§ Convert health measurements
We deduce that the temperature corresponds to the body temperature. |

We deduce that the person is sick.

We propose all fruits/vegetables according to this disease.

6. M2M Application: Temperature => Cold => Food: (Wait 10 seconds!) Food if you are sick

=rdf:.Description rdf.about="http:isensarmeasurement. appspot.com/m3#Measurements™
=m3 hasUnit rdf. datatype="http:ifwaww w3 orgf20015ML S chemagstring™=Cel=/m3:hasUnit=

eI

=m3 hasDateTimeValue rdf.datatype="http:/Awww w3.org/2001MLSchema#dateTime™=0.0=/m3:hasDateTimeValue= . ’
<m3:hasValue rdf.datatype="http:www.w3.0rg/200 1IXMLSchema#decimalf38.0§/m3:hasValue= )
=m3:hasMame rdf datatype="http:/hwww.w3.org/2001/XMLSchema#string™=temperature</m3:hasMame= Semantic
=rdfitype rdfresource="hitp:/'sensormeasurement. appspot.com/m3&Eheasurement’/= Web

=rdftype rdfresource="http:’lsensormeasurement.appspot.com/m 31|Elu dyTemperatu rel.l'b
=/rdf.Description=

6. M2M Application: Temperature => Cold => Food: (Wait 10 seconds!)] Foodifyou aresick | Linked Open Data

¢ Value = 39.0, Unit = Cel, Type = Body Temperature, Disease = Cold, Food = Kiwi

e Value = 39.0, Unit = Cel, Type = Body Temperature, Disease = Cold, Food = Lemon
¢ \alue 539.0,|Unit = Cel, Type = Body Temperature, Disease =|Cold,|Food =|Honey
e Value = 39.0, Unit = Cel, Type = Body Temperature, Disease = Cold, Food = Ginger

Paper: Honey as Complementary Medicine - A Review [Singh et al. 2012]
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Scenario 2: Weather Temperature & Luminosity
Weather & Activity

1. SenML API (Simulate M2M measurements): Simulate Weather measurements
2. M2M Aggregation Gateway (Convert weather Measurements into Semantic Data):

Convert weather measurements

We deduce the weather outside.
We propose activities according to the weather.
M2M Application (Temperature => weather == Activity):| Activity & Temperature

M2M Application (Luminosity => weather => Actlivity). Activity & Luminosity

N o o ke

(
M2M Application (Precipitation => weather => Activity): Activity & Precipitation
8. M2M Application (Wind speed => weather => Activity): Activity & wind Speed

¢ Value =|39.0,|Type = Weather Temperature, Unit = Cel, Weather =Eunni, Activity 5§ BeachSunbathing
e Value = 39.0, Type = Weather Temperature, Unit = Cel, Weather = Sunny, Activity = BeachVolley

Weather & Emotion

e Value = 50000.0, Type = Weather Luminosity, Unit = Ix, Emotion = Joy, Color = Yellow

e Value = 50000.0| Type = Weather Luminosity, Unit = Ix, Emotion =EaEEiness Color = Yellow
e Value = 50000.0, Type = Weather Luminosity, Unit = Ix, Emotion = Fear, Color = Yellow

e Value = 5000.0, Type = Weather Luminosity, Unit = Ix, Emotion = Sadness, Color = Gray

» Value = 5000.0, Type = Weather Luminosity, Unit = Ix, Emotion = Confusion, Color = Gray

» Value = 5000.0, Type = Weather Luminosity, Unit = Ix, Emotion = Boredom, Color = Gray

» Value =|5000.0] Type = Weather Luminosity, Unit = Ix, Emotion 5 Depressed| Color = Gray

“Paper: Mapping emotion to color [Nijdam 2009]

. . -p 17
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Contributions

" The M3 approach to enrich, combine and reason on loT
data

i_, M2M
data (1)

Reasoning (7) |

-, M2M
e data (1)
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M2M Devices M2M Sensor Gateway: M2M Aggregation Gateway: E‘:q
Weather - SenML - XML -> RDF R D F
Forecasting

227C = < ;
@I < » Sensor Ite Adgregation g% ng Semantic-based M2M
—] g Semantic applications

Smart kitchen T —
;.:ma a ar Suggest recipe &8 di P
& " milk according to the d.accor |n§.to

E!@ + E'\" weather and the lselfses., lets,

: allergies...

mood.

Zﬁ:‘a & M2M Application:

Health ite - Reasoning

Aggregation % - Rules
Sensor Gateway s«gm - Link Open Data

N

Gateway

Linked Open Data

Domain Ontologies

" Paper: A Machine-to-Machine Architecture to Merge Semantic Sensor
Measurements [Gyrard et al., WWW 2013]
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Conclusion & Future works

" The M3 approach
» M3 ontology to enrich M2M data
» Reason about semantic M2M data
» Combine cross-domain M2M data

" M3 enables to build cross-domain M2M applications

" A similar approach is used in the security domain

» STAC application to suggest the best security mechanism to secure
M2M applications i

-p 20



Thank you!
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B http://[sensormeasurement.appspot.com/
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