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Internet of Things (IoT): an Introduction
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I Term coined by Kevin Ashton in 1999.
I Interconnection of objects to computers with self-configuring capabilities
I Drivers:

I Main enablers:

A sensors and actuators embedded in

physical objects

A RFID and sensor technology en?ble T H I N G s

A things-to-things communications

A integration of things data with applications
m ZI 2% = ;'L‘_-::*Q,.
o S

computers to observe, identify and
understand the world
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Low-cost Sensors are becoming prevalent

Environment sensors
Utility consumption sensors

Dynamic Tags )
it SENSORS
s &
" ACTUATORS
7 3
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m

s TAG |
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More parts of life are getting connected...

Everyday things will be connected

Cities
Public transport
Consumer goods

Smart Homes

—
A smart refrigerator that can read radio
Lﬂ frequency identification (RFID) tags on
grocery items as they're put inside, then look

e
i

up those tags via the Internet to identify milk,
eggs. butter, and those four frozen pizzas you

just bought.

Image courtesy: 1. Exigent Networks; www.exigentnetworks.ie
2. SmartCitiesCouncil
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10T Drivers
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COST OF SENSORS COST OF BANDWIDTH
%-60  |40x
|
ower the past 10 years. over the past 10 years.

Smartphones are now
becoming the personal
gateway to the loT

As the loT will by definition generate voluminous
BIG DATA amounts of unstructured data, the availability of
big data analytics is a key enabler.

Image ©: Goldman Sachs Global Investment Research

COST OF PROCESSING

160X

over the past 10 years.

SMARTPHONES o~
/_\ With Wi-Fi coverage now

ubiquitous, wirgless
connactivity is available for
free or at a very low cost.

SCALABILITY DF IPvG

IPVB _ 3.4 x 1038

IP addresses
Intemet Protocol (IP) addresses
are the identification and location
systam for every computer on a
network. IPv4, the fourth version
of this protocol, allows for 4.3
billion addresses. IPv6, the

newest version, allows for an
almost limitless amount.
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From IoT to the Web of Things (WoT)

iConnecting 0 | : V\@)

Aaccess
Adescription and discovery
Aresource directories
Asecurity

I Typical connectivity solutions:
AConstrained Application Protocol (CoAP)
ALightweight HTTP

Friday, 03 November 2017



IoT in numbers...
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Growth in Internet-connected

Devices by 2020

B World population (in bilions)
I ntemet-connected devices (in bikons)

Inlemol-Conneciad Sevwoas Par Darson

Global Data Generation

B Ot mobde devcos
B Machne-1o-machne M2M
B Home gueways

B Nen-smartphones

W Tadlet PCy

B Lapicp 3nd notbocks
B Smarphones

Image courtesy: Exigent Networks; www.exigentnetworks.ie
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I0T: the case for a Data Perspective

I Abstractions of high-dimensional, high-volume data generated by
heterogeneous devices

I Associate data with context information

I Data fusion through application of data analytics and reasoning techniques
I Example Applications:

AAnaIyse_road, environment (pollution) conditions with real-time location
iInformation (proximity) to recommend events and venues

A Adjust traffic signal timings based on vehicle and cyclist arrival data

A Efficient waste management using FMCG (fast moving consumer
packaged goods) lifecyle information from smart tags El

“\.

3o

.
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Challenges in IoT realization

I Many devices do not speak the same
language and cannot exchange data across
different gateways and smart hubs \

I Thingso data may have a def ned\\-,_t I
format, e.g. JSON, CSV, XML :-.\\

I But data models adopted are different and not compatible

I Different units and context representation

v

Interoperability Challenge

Friday, 03 November 2017
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The Data Lifecycle

I Data Collection
A ldentification and connection to data sources
A Physical and social world data sources
A Data virtualisation
I Data modelling
I Schema adaptors
I Data Management
A Data indexing
A Metadata, data storage and retrieval
I Data Processing
A Missing data estimation
A Redundancy filtering, pre-s or t i n g é
I Data Analysis
A Reasoning mechanisms
A Data fusion
I Applications

Friday, 03 November 2017
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Data Sources

Friday, 03 November 2017
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Data Source taxonomy

I Physical sensor deployments
AFixed Sensing
AMobile sensor nodes

I Mobile crowd sensing
AParticipatory sensing
AOnline social networks

Data >ources

Friday, 03 November 2017
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Physical Sensor Deployments

I Fixed Sensing

Friday, 03 November 2017

A Fixed installations i static location configuration of deployed sensors

A O&M data ~ continuous time series, resolution dependent upon sampling rate
A Typical deployments in urban areas, smart homes, ITS solutions

A Structured data, typically in JSON/CSV/XML formats

A Examples:
A London Air Quality Network (www.londonair.org.uk/London)
I Air pollution sensors: CO, NO2, O3, PM10, PM2.5, SO2

I Data sampled every 15 minutes

I 4 location types: roadside, suburban, urban background, industrial

I APIs for accessing data in XML or JSON; historical downloads in CSV
A Smart Santander (http://maps.smartsantander.eu/)

I Environmental monitoring: temperature, CO, noise, light

I Traffic monitoring: traffic volume, road occupancy, vehicle speed, queue length

I Agricul ture monitoring: moi sture, tempe
AWat er Distribution Networ ksé
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Physical Sensor Deployments (2)

I Mobile Sensing
A 0&M data ~ typically frequently updated, timestamped and structured (FUTS) data
A Each sampling data point associated with a distinct location tag
A Data typically accessible in a known structured format

A Not obtained at successive, equally-spaced time points
A Typical deployments for urban monitoring

A Opportunity for large-scale environmental monitoring

A Structured data, typically in JSON/CSV/XML formats

A Examples:

T Smart Santander
» http://maps.smartsantander.eu/

» Sensors attached to public {

vehicles id":v31es,
"latitude™:"43.464900",

» Environmental monitoring: "longitude":"-3.824330",

» temperature, CO, noise, light "title":"bus3165",
i Madrid "image":"http:\/\/lira.tlmat.unican.es\/SmartSantander\/map\/images\/taxi.png",
. "content":"<div class="ggeogft-info-window'\n style='font-family:

» PO”en Sensors on pUb“C bUSGS sans-serif; font-size: 10px;width: 200px; height: 18em ; overflow-y: auto;’
><table width='100%' border='0'>\n <tr>\n <td valign='top'><h2 style=
'coloxr: #5080el'>NODE 3165<\/h2>Last update: 2016-12-05 16:35:00<br>Altitude:
23.0 p<br>Speed: 0 Km\/h<br>Course: 0<br>Odometer: 303027 Km<br>CO: 0.10
mg\/m2<br>Particles: 0.38 mg\/m3<br>Ozone + N02: 79.00 ug\/m3<br>Humidity:
14.00%<\/td>\n <td valign='top'><\/td>\n <\/tr>\n<\/table><\/div>",
"tags":"BUS"

} Image courtesy: Smart Santander testbed; http://maps.smartsantander.eu

NODE 3165

Last update: 2016-12-05 16:35:00
Altitude: 23.0 m

Spead: 0 Km/h

Course: 0

Odometer: 302027 Km

CO: 0.10 mgim2

Particles: 0.25 mg/m2

Ozone + ND2: 78.00 ug/m3
Humidity: 14.00%

Friday, 03 November 2017
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Mobile crowd sensing

I Participatory Sensing
ASmartphone accompanied citizens forming sensing networks for local
knowledge gathering

Alnvolves explicit participation
AMade possible through dedicated apps or hardware carried by citizens

AExamples:
I Congested road and traffic incident detection
» Arduino boards in cars: speed and position of the car D
» Environmental monitoring: temperature, CO, noise, light ~

I Melbourne: noise heatmaps of city

» Complement noise data from fixed sensors, perceptions of noise
and urban sounds

Friday, 03 November 2017
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Mobile crowd sensing (2)

I Online social networks
A Immediacy of social network messages: rich source of city-information
A Data amenable to mining
A Can provide semantic context to physical sensing data
A Examples: n
I Twitter
» 140 character tweets ﬁ
» Wide adoption T 500 million users worldwide
» Both streaming and RESTful API
» User perception of pollution, representation term mining for traffic incidents
I Foursquare
» Location-based social network
» Users check-in to a venue
» Data: time, type, user detalls, venue details (name, location, category)

» Modality and format allows direct manipulation through statistical methods and
Integration with (numeric) physical sensing data

FOURSQUARE

Friday, 03 November 2017
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Data Modelling

Friday, 03 November 2017
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Semantics for IoT Resources, data

I Semantics: machine-processible metadata (tagging)
I Semantic languages
A Web Ontology Language (OWL), Resource Description Framework (RDF)
I Structured, common platform for Things and data representation [Data Modelling]
I Achieving: ontologies fol
A Resource model
i Gateway, sensors, processing resources
A Entity model /" Semantic
i Physical world objects /\get etthings
I Features of interest for each entity ,,
A Service model Lo L
i 10T services and interfaces BalclobinlC
A Observation and Measurment (O&M) data |
i Machine interpretation of relationships and hierarchies "¢t

of thmgs Common App. Protocol

Common Nwk. Protocol

Global Interoperability

Connect things to | Connect things to | Share Things &

Image ref: Jara et al. Semantic web of things: An analysis of the application semantics for the iot .
& & y Pb Internet the Web compose services

moving towards the iot convergence. Int. J. Web Grid Serv., 10(2/3):244—272, April 2014

Friday, 03 November 2017
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Role of Metadata

I Semantic tagging

I Machine-interpretable data annotation and resource descriptions
I Re-usable ontologies

I Resource description framework(s)

I Structured data, structured query

Friday, 03 November 2017
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Metadata and Semantics

I To describe:

AContent

A Context

AResources

AEntities and features of interest
I To create:

APerception

A Situation awareness
I To support

AAutomated processes for management of resources and decision
making

Friday, 03 November 2017
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Entity Model

= = == | I dbpedia Ontology

|
' |<dbpedla URl > !
| CoatURI D> 1 LT - |

hasGloballdentifier

TimeRange w

LhasStartTime:time

hasEndTime: time

hasOwner

( Entity \ hasAvailabilityTime
hasType: URI

hasLocalldentifier: URI
hasMName: string

hasA isMobile: boolean L

U(DomainAttribute,
TemporalFeature,

DateRange w

hasStartDate: date
hasEndDate: date
hasAvailabilityDate

Location) \
( DomainAttribute ( Location W r TemporalFeature ]
haslLongitude: float
hasAttributeName: string haslLatitude: float hasTimeZone: URI
hasAttributeType: URI hasAltitude: decimal

hasValueContainer
hasLocalLocation

r ValueContainer ]

hasGloballLocation \
value literal — }} L e e e - - Y - = e

. Geonames Ontology : 1 Location Ontfology :
ValueMetadata W . !
ocMetadata ( :_Qeo featureURI > 1 :
metadatavalue: literad | “‘ ’ I I -A
metadataType: URI J \‘\d/'/ o

Internet of Things - Architecture

Refer to publication [1] for details

Friday, 03 November 2017 23
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Entity Model Instance
: dbpedia Ontology |
I < http://dbpedia.org/resource/University_of_Surrey >
|
L L a
r 3
; : ) hasGloballdentifier
AmbientTempAttribute
hasAttributeType: http://purl.oclc.org/NET/ssnx/qu/dim#Temperature hasA (DomainAttribute)
hasAttributeName: “ambient temperature”
J
hasValueContainer [ RoomU38 \

( ValueContainer ]

hasType: http://www.owl-ontologies.com/LocationModel.owl#Room
hasLocalldentifier: http://www.owl-ontologies.com/LocationModel.owl#U38
hasName: “U38”

value: 17
isMobile: false
hasMetadata \ -/
hasA (Location) R‘
( UoM w ( BaBuildinglLocation w
metadataType: http://purl.oclc.org/NET/ssnx/qu/dim#TemperatureUnit :astopf't;qeéiogigzﬂrﬂr
metadataValue: http://www.qudt.org/qudt/owl/1.0.0/unit/Instances.html#DegreeCelsius hzzATtiltEds: 45-

haslLocallLocation _ . )
alLlocation -

............................... R SN £
: Location Ontology I : GeoNames Ontology : \“\5’) IOT—A

http://_http://surrey.ac.uk/ontologies/ ! A\ \
1 ] =
ST —— Q@ationr\noda.owma,qaund@ < hitpi//sws.geonames.0rg/2647793 >

Internet of Things - Architecture




Resource Model and instance

[ = = = == e e = = = — -

Geonames Ontology

r

1 I

I I

geo:URI i
I

hasGlobalLocation

1
Location Ontology 1

1
ClocURI D |
CloslRI D |

hasLocalLocation

) 1
: Location Ontology |

INSTITUTE FOR COMMUNICATION SYSTEMS

5G INNOVATION CENTRE

Location

-

J

haslongitude: float
haslLatitude: float
hasAltitude: float

. 'y
hasResourcelocation

cardinality=0 or 1

-

Resource

\

hasResourcelD: URI
hasName: string
hasTimeZone: URI
hasTag: string

cardinality>=1
hasType

isExposedThroughService
cardinality>=1

[ ResourceType ]

F 3

<<instanceOf>>

http://surrey.ac.uk/ontologies/
| LocationModel.owl#BABuUilding
| IS L - PSP S DA R

hasLocallLocation /_/_
I GeoNames Ontology

|
( BaBuildingLocation w | Cgeo:2647793>

hasGlobalLocation

!

hasLongitude: -0.589444
haslLatitude: 51.23536
hasAltitude: 45.0

hasResourcelLocation

s

U38_Temp_Sensor_Resource

hasResourcelD: U328 temp_sensor

hasName: tempsensor_room38

hasTimeZone: http://www.w3.0rg/2006/timezone-world#ZTZ
hasTag: temperature sensor room 38 BA_Building

isExposedThroughService

I
Actuator :

Friday, 03 November 2017
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IoT Service model

Groundin

Model

Profile

r======-=""r==-=-=-===
11
11

I L

........................

Physical
Locations

iiiiiiiiiiiiiiiiiiiiii

loT Resources

Platform,
Networking

.......................

Friday, 03 November 2017
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IoT Service model: Profile

| Profile |
SN~

N\ O
- oS T logicalL.
hasloTResource = . ogicalLocation
eolocation 2
(ObjectProperty) (OgjectProperty) (ObjectProperty)
I | \
| \ \
[ v A
+ [w9584 _pos: Point] (Ioc:SpatialThing)
- - - = - I o - ~
. ' ~
hasloTResourceFeature hasloTResourcelD hasloTResourceType
(ObjectProperty) (DataTypeProperty) (DataTypeProperty)

\ v v

(IOTRQSOU rceFeatu rej
-~

P N e
o’ \ =
hasFeatureOperation hasResourceFeatureType hasResourceFeaturelD
(ObjectProperty) (DataTypeProperty) (DataTypeProperty)
| | |
| | |
v v v
[ResourceFeatureOperationJ xsd:anyURI
/ e ~ T~ -~
' ~ S~
accessibleThrough \\\ S
ObjectPropert . S~
(Obj ' PertY) hasFeatureOperationType hasFeatureOperationName
I (DataTypeProperty) (DataTypeProperty)

v X v
( REsTComponent | [35T.est ¥

Friday, 03 November 2017
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10T Service model: Grounding

—— -—— -~ ~.
serviceDocument =~ FasDeploymentRequurement hasRESTResource
(DataTypeProperty) (ObjectProperty) (ObjectProperty)

/ d xsd:anyURI
, . v (o)
[ xsd :anyURI] ( ServiceResourceRequirement] RESTResource

7 ad RO URI
/ RESTResourceName hasRESTComponent (DataTypeProperty)
,/ (DataTypeProperty) (ObjectProperty)
requires | |
(Objectl:roperty) : : subproperty of
[lotest platform: Resource Vl + *
Things [ RESTComponent] R AL
I —-—
--""-"-- -~ \ \\.:.-‘-""-- 4
——— - \ ~No S~ e I
is defined as - - ' ~ T~ |
any of hasRESTParameter hasR_ESTResponse hasRESTComponentName hasMethod -~ accessURI
(Ob]ectProperty) (ObjectProperty) (DataTypeProperty) (DataTypeProperty) (DataTypeProperty)

/ \ \ |
(uotest-platfcrm NetworkCapabnlltyj ’ subproperty of \\ 1‘

\
RESTParameterj | RESTResponse | l < *
hasServiceParameter

—»  (ObjectProperty)
|

subproperty of

v
[SewiceParameter]
hasSemanticType =~ 7 ~<
(DataTypeProperty) / ~.

- hasName hasDataType

“&
- -_(DataTypeProperty) (DataTypeProperty)"'-b-
(adistring) I3 T.est 3¢

Friday, 03 November 2017
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IoT Service model Instance

51.243385 o wgsB4_posiiat WGs34_posilong —p 0968723

(xsd:float) - / {=sd:float)
[TS5005€ervice: TempSensor_geoLocation| [LocationMadel:Ba_20_02 -0.5HA725 51,243385
* TempSensor (xsd:float) {xsd:float)
I (literal) [LocationModel:BA_SecondFloor | 4
IoT3: hasIﬂTResuurceGec-Lucatmn I0T3:hasloTResourcelogicallocation J.“ [
status — /' 584 pos:long  wgsB4_pos:lat
(wsd:string) R'"“"---___ T0T2: hasToTResourcelD wg /_po i Pt
- — , -

— - T

| 7s500Service: TSS00Service_loTResourced | [oT2:logicallocation [ TS500Service: TS500Service_Location

T Ld v 10T2:gealocation
[TS5005ervice: status_ToTResourceFeature_0 | ToT2:hasloTResource —

T55005ervice: TS5005ervice_Profile |

b3
16T2: hasResourceFeaturelD  10T2:hasloTResourceFaature —

) r
I0T2: hasFeatureQperation ]uTZ . plresenlﬁ
Vi
|T55Dﬂsewlc& TESDUSerwIcel
,-f’ _———
IUTZTWPF'G"*S ]uT2:asﬁouat;!-a%h_q_____q—“-——____________————______
X ¥ T T IoT2: servicelD T loT2iserviceName
TS5005ervice:gel TS500TemperatureData_ResourceFeatureOperation_0 |T551:|05E‘I’VICE:TSSGGISEWICE_GFDUMIHQ| | IOT4:EEE|uiIdil'|g| |DT2:dEEEthEI:|B‘,r : .
- Y, b
I - \ I
: - kY ” 0140242067 5796 TS5005arvice
/ \\ o [T55008ervice: TS5005ervice_Model | fliceraly iliteral)
s N IuT2:haiREETREicurce 10T2:serviceDocument I|
e ™ t,.f" * [oT2:hasOperation
loT2:hasFeatureCperationNarme %, [T55005ervice: TS5005ervice RESTR.EEDLIH:ED' http:/flocalhost: BOS0/ otest/application_ wad v
if T — {lireral) TEE00Service T55005ervice_Operation
getTS500Temperaturelata IoT2=accessibleThrough e -
(xsd:string) 16T2:hasRESTComponent  10T2:RESTResourceName
- T
| TS500Service: TSS00Service_RESTResourcel_Componentd | esbuildingsimtempTS500-iot-TemperatureSensor
— ~ (literal)
IDTZ:hquE\tI;I:J-EIr IoT2:hasRESTResponse __-IDTE:EDCEEEI:LP‘[ I1:|T2:hasREETCcmpuﬂTﬂdamE
v Ty ""--_*
QetTS500TemperaturaData TS500Service: TSEMService RESTResource(_Feature( | I‘-‘.esponsenl http://10.112.34,33: 9000/ /eebuildingsimtempTS500/  eebuildingsimtempTS500-iot-
(literal} —— - —_ int/TemperatureSensor/value TemperatureSensor-value
IoT2:hasSemanticType \\ i (lireral) {literal)
thasse iETyp ToT2:hasName I6T2:hasDataType ’# ' est *
| \ ' 1]
v v 4

Refer to pubhcatlon [3] fOI‘ detalls http:/fpurl.oclc.org/NET fssnx/cf/cf-feature # Temperature SmartSensorStatus application/xml
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IoT Models: Summary

I Distinct repositories for metadata and
data

I Metadata
ALess frequency of update
I Data
Afrequently updated, timestamped
and structured

Anot obtained at successive,, com—...,
equally-spaced time points —

virtualises

v}
|

B ¢ -isExposed Through-

providesAccessTo isHoscfadOn

: q
7genera ces_ T o -

Refer to publication [4] for a survey of WoT ontologies

Friday, 03 November 2017
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Data Storage and Retrieval
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Data Indexing, Storage, and Retrieval Framework
i Data Parser ‘g )
A Parse and transform from > Indexing
JSON, CSV, or other data = component Lo
I Data Record Mapping § I[;na?abasleGB
A Map parsed data to 3 Geohash
format doefined by B == P e <
Ontology Schema 2
I Spatial Indexing Component = JSgCN_/fSV j
A Geohash-Grid Tree 3 @”p:g Dataparser) -
AIndex spatial parameters \g o )

of data records
I Time-Series Database (InfluxDB)

A Store O&M data

Refer to publication [6] for details.

&

Smart Objects

Friday, 03 November 2017
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Data Indexing, Storage, and Retrieval Framework

Virtualisation Indexing & Storage Query Control
. 4 )
i Data Records
A a data record is a 5-tuple of the HH
iaCt-i _ | Results Refi t
form [<object-id>, [<tag , Virtual Object Schema . 0&M { esults Refinemen %
key>:<tag-v al ue > é ( O. . n ) ] ’ Time-Series Database
<field-key>=<field-
[<field-key ,fle|d ( Data Rescord TSDB Query
value>e(1..n)], <|geoMeash>| - et
<unix-nano-timestamp>] it s G ‘
I Considered Query N ﬁ%
A A query asking for observation Data Parser Hﬂ Query Analysis
and measurement (O&M) data i i
based on spatial and temporal (e e
constraints
=R e
e ' | Query Interface H
«
o S
\ J
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A Brief Overview of Geohash

Latitude and Longitude

1 40.8,-74.0

Binary/decimal representation

1 0110010111 00101 10111

1 12 23 5 23 26

Geohash string

I dr5ru

[1] Geohash. Available: http://en.wikipedia.org/wiki/Geohash

L& i T
~ Upper

&
= JWesi Side Manhattan € g
United States
cOo Ks

wo ' pper |

OK AR

As
Long ™
Island City d
3 > - -
............................. " =
= - i 2 Zg \illage A
9018 20,180
90,1 90,180 01’01\ 011\1 1101 11T11
! 1 o1|uo \8?10 1100 \ﬂLo
\ ]
\ 0001 \oﬂn Top1 kﬁ
1 t \K i
ooLo %’mu 1000 | 1 Lo

-90,-180

Decimal| @ 1| 2| 3| 4 5 & 7| & 910/11{12({13 14|15

Based32| O/ 1 2| 3| 4| 5/ &6 7| 8 9 bl c| d

[4+]
—
a

Decimal |16 17 18|19 202122 /23|24 25|26 |27 |26 29 30 31

Base32| h| j| klm| n| p| q| r s t u| v|w| x y| z

[2] Paule. (2013). Visualizing Geohash. Available: http://www.bigdatamodeling.org/2013/01/intuife®hash.html
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Data Parsing and Mapping

Tag-key Field-key | Field-value

Indexing Component mydb vo_3021 geohash eztpn45wn humidity 0.64
tpn45 i
ezipn W"T InfluxDB Storage Mechanism
{ nidn_ "2071 n’ Parse

"latitude": "43.430007",
"longitude": "-3.949993",
"title": "bus3021",
"image":
"http://lira.timat.unican.es/SmartSantander/iconos/tus.png",

"content": "<div class='googft-info-window'\n style='font-
family: sans-serif; font-size: 10px;width: 200px; height: 18em ;
overflow-y: auto;'><table width='100%' border='0">\n <tr>\n
<td valign="top'>

<h2 style='color: #5080e1'>NODE 3021</h2>Last update: 2015-
01-02 17:33:19<br>Particles: 0.89 mg/m3<br>Humidity: 64.00%
</td>\n <td valign="top'></td>\n </tr>\n</table></div>",
{"tflgs"I "BUS"} InfluxDB

vo 3021

geohash particles humidity time latitude longitude

eztpn45wn 0.89 0.64 1420219999s 43.430007 -3.949993

é é é é é é

Raw data from SmartSantander (JSON)
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Spatial Index: Geohash-Grid Tree

Level O
Root Node
I NOde Level 1 73,
A Geohash string - d
. . . . . 7/ e @ @ A > -
A Spatial grid (2 pairs of {latitude, longitude})[~— - ,
A A list of stored VO_IDs (leaf node) cee :
- _)Other Nodes Node e at
(Maximum 32 Child nodes) level 1
v .
1 Features Intermediate Levels 1\ > eztr312fj1: Decol
A Unbalanced tree el 8 ey s
. . ! VO_ID 4 -
A Fixed helght j/ eztr32jn » vo_ID5 Node eztr32jn at
. . . . . Hi VO_ID7
A Insertion without changing existing tree structure 2 ez:rjzzf_i "o 05 level 8
. 7 €Zlroz)
A No need to split node e oo
Other Leaf Nodes VO:ID 33
VO_ID 44
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Data Retrieval Components and Steps
I Query Interface Indexing & Storage Query Control
A Get query
I Query Analysis ‘

O&M

Results Refinement %
Time-Series Database

A Analyze query

A Send request with spatial constraints to
indexing component to get matched IDs

TSDB Query ‘
Rewriting

Indexing Component
I Query Rewriting

A Rewrite query with matched IDs and o m%l% _
other constraints eﬂ Query Analysis ‘

T Results Refinement

A Refine returned data from database into

a proper format for display on query ‘

interface ; Query Interface ’—'

Friday, 03 November 2017
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Spatial Index: Performance measurements

Geohash-Grid Tree Comparing to R Tree Point Query at Dense Area

e=——PR-Tree e===Geohash-Grid Tree
e - . . 0025
I Insertion does not change eX|St|ng tree structure 2 P
£ 0.020 // N
o
< 0.015 ——
<} / — o — L ——
.. : : : : E 0010
I Fast indexing creation time " 7
2 0.005
o
%0.000 T T T T T T T T T T T T T T T T T T T T 1
& O O O O O O O O O O O O O O O O o o o o o
X : : 8888888888888 8883888 8 8
I Better query response time in dense areas TH oM OMWOWOWOWOS I OWO WO W O
HHNNMMQ‘Q‘LOLOKDLOI\I\OOOOCDCDS
Number of Indexed Items
Tree Creation Time For Each Dataset (milliseconds)
7 Range Query at Dense Area
c
§150 e=—=R-Tree e===Geohash-Grid Tree
L
E 100 5.000
= z
© £ 4.000 —
g 50 87 /
= < 3.000
o [¢5]
S o - £ 2.000
2 $8888388888888s8888888s = i
g © 59 9 9 9 9 599 9 g g5 Qg g g g o Qg 8 1.000 - e e
- — n © n O n O 1N O N O n O n O 1N O 1n o unu o o
I - N N NN T NN O O NN 0 00 00 O o
i %0.000 T T T T T T T T T T T T T T T T T 1
Number of Data Records in Each Dataset & 888888888888 888888 8 8 8
© S 999899999599 993895999
- n O Nn O Nn O Nn O N O n O Nn O Nn O .n O un o
\—I\—INNMMQ‘Q‘LOLOKDLOI\I\OOOOONCDS

H R-Tree M Geohash-Grid-Tree

Number of Indexed Items
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Performance measurements

8
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Data Analysis
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Case Study I: Smart Campus 1 loT
testbed
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Semantic Reasoning for Association Analysis

I Associations along thematic-spatial-temporal axes

A Thematic (feature) match i utilising domain Spatial temporal and
ont ol ogies that capture vir
and | oT Serviceds input/out =2 "~ i
A Spatial match i utilising location ontologies that XX: ZCK.
model logical locations with properties such as

dcontai nso & 4
A Temporal match i utilising temporal aspects of I
entities which have a temporal aspect, such as
meeting rooms with the | 0T S c%“@voﬂmefeﬁ
observation_schedule © o7 senice
. . . . Domain ontologies and
I Dynamic association inference through Rules
A Rules that incrementally reason on feature, spatial aspects
and time
I Provision for semantic queries on derived
. -
associations (ém IOT a
Refer to publication [2] for details. \‘,&\9,/ KGO TRlgs ~ Arohitsetire
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|
Smart Campus ! Resources

I Driven with semantic models describing

A Entities
A Campus buildings, floors and rooms Semantic
Models

A Location model capturing indoor locations -
A Rooms, corridoors etc. with their

— . Semantic
Ej resource
repository

proximity, containment relationships Ass?:":;m
A Resources \ psocion
A Temperature, light sensors it i
AloT services (nowledge

e - pest
' ru Rule Manager .
A Access interface to 10T resources and 'ef— ° Dispatcher

their O&M data

I Dynamic thematic-spatial-temporal association
Inference soeced

Nodes

KShared association results

»

=

-

_‘l IOT_A o _ <— Triple Store update
W et nmes  Refer to publication [2] for details.
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Smart Campus: SWRL rules for thematic-spatial associations

Rule-1:

srv.Service(?s)” srv:hasOutput(?s, ?out)” em:Entity(?et)” em:hasA(?et, ?da)”
em: hasAttri buteType(?da, ?2atype)

sqwrl:groupBy(?sr, ?s)” sgwrl:makeSet(?se, ?atype)” s q wr |

sqwrl:intersection(?in, ?sr, ?se)” sqgwrl:size(?n, ?in) ~ swrlb:greaferThan(?n,O)

Y assoc: sameFeatureAs(?s, ?

Rule-2:

et)

assoc:.sameFeatureAs(?s, ?et)” srv:hasServiceArea(?s, ?sa)” em:Entity(?et)”
, 2?2l oc
sqwrl:groupBy(?rsa, ?s)” sgwrl:makeSet(?eloc, ?loc)” sqwrl:groupBy(?eloc,

em:hasA(?et,?l)”" em: hasLocal Locati on(

?2et) e

sqwrl:intersection(?in, ?rsa, ?eloc)” sqwrl:size(?n, ?in) ~
swrl b: greater Than(?n, 0) Y
Rule-3:

? |

asSsSocC.

s As

assoc:sameFeatureAs(?s, ?et)” srv:hasServiceArea(?s, ?sa)” em:Entity(?et)”
em:hasA(?et, ?I)” em:hasLocalLocation(?l, ?loc)” loc:givesAccessTo(?sa, ?loc)

Y assoc:i sAssociatedWith(?s,

Rule-4:

?2et)

assoc:sameFeatureAs(?s, ?et)” srv:hasServiceArea(?s, ?sa)” em:Entity(?et)"
em:hasA(?et, ?I)” em:hasLocalLocation(?l, ?loc)” loc:isAdjacentTo(?sa, ?loc)

Y assoc:i sAssociatedWith(?s,

Refer to publication [2] for details.
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?2et)

Property name Dhwmsai m Range
€ S U pescription
groupB
Contains Place Place

Allows a place to contain other places (e a floor oonit a0 ming Some
MOWITES |

izAdjacentTo Place Place
Models that two places are separated by some boundaries
inkEast Place Place
inWWest Place Place
inMNorth Place Place
inSouth Place Place

Refi nement of isAdjacentTo including the cardinal direction(s) of a
place relatively to another

givesAocessTo Place Place
Means that a door exists in the boundary separating two places
Comnectng them

isIncludedin Place Place
Inverse property of ‘oontains’
i=PrivatefisPublicis%e mi Private Place Bowsl eam

Alloaws to know if 3 place can be used or nob when comiputing
associations

) loT-A

Internet of Things - Architecture

44
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Smart Campus: Online platform

szw Home About User Guide Register Lookup Update Delete 2 Discowver

Locate

Sense2Web - A Linked Data Platform for the Internet of Things

£
[ map [ sateliite [ Hybrid |
-m l_r_ [ Send @
E Sensor description URI:
5 %ﬂ“’“"fﬂu Fox { http:#fee surrey. ac. ukfoostisenseifsimplesensord3223a-86bea-0123-2123 %6
B § R Sensor type:
i http:#/dbpedia. org/fresource/Temperature_sensar
Location URI (local antology): 19\’4_, !
http:ffnrenw. ee. surrey. ac. ukfccsi/senseiflocationOntology. owl#Suilding_BE M
Linked-data location URL: %
http:#/dbpedia. org/resource/University_of Surrey = r.
Linked-data tag: ',
+y Park http:fienew. ontology portal. orghWardet#AM30-103344935
Regigter Lﬂﬂkup Update o Get resource description in (tat) (eeal) (rdf)
v\fi Fair
& Sensor status is:
3
]
r . 0
| — Waod Street
Wood
[S Broadstrest
“- E‘,‘fmm:n . b
- ’.. - — g @ v Merrow
CLIg BT
" 'I- 4 of Surey | 2 - d
{ | _-.,-’ Surrey é’ A3100
T B
Research Park é"l .chm w’“\
Locate Delete o |
: &
FOWERED BY ef b Whita Ln
Google = Farte® % Map data ©2010 Tele Atias - Terns of Use

Sense2Web supports flexible and interoperable [oT concept descriptions. Sense2Web associates different [oT concept ontologies to domain data and other resources on the Web.

Cks @ 10T-A 7 B SRR 2

gyt il Thaiohs e ot v |

Ref: T. Elsaleh et al. Sense2Web Linked Data Platform; http://iot.ee.surrey.ac.uk/s2w/. Details in reference [1]

Friday, 03 November 2017



http://iot.ee.surrey.ac.uk/s2w/

INSTITUTE FOR COMMUNICATION SYSTEMS UNIVERSITY OF

5G INNOVATION CENTRE ' 5 ¢ SURREY
Smart Campus: Meeting venue guidance

-
l ! l l | Nick L <loumaros@gmail.com>
by Google

Test Meeting
1 pvwpa
Meeting Title g -
: 3 Staff <visitorguidance@gmail.com> 1 Maiou 2014 - 4:18 p.p.
iCore Weekly Meeting Andvrqcm-ﬂ;:?og: Staﬁggsitorguidance@gmail com> "
Mpog: Nikos Korompos <loumaros@gmail. com= h
Meeting Description

Please join us to the weekly meeting this Dear Nikos Korompos Visitor Check In Browse the internet

Wednesday
: This mail is to invite to a meeting at the University of Surrey on 05/16/2014.

The time for the meeting is 04:02

Meeting Date
124 Please find attached a QR code which you will need to scan at the entrance of the

Méeting Thiie building so as to easily locate your meeting venue

24
Test Meeting.png
1K

Participants Selected: 2

Personal Info

Nikos

Name: Nikos
Surname:  Georgeas

Georgeas
Guidance Info
n.georgeas@aekfc.gr
Room Number:
Floor Number.
Meeting Time:

<)

- Add Participant ‘ (] Remove Participant

o O =

Please go Upstairs.

(4
iCore

Empowering loT through Cognitive Technologies

Friday, 03 November 2017 46
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Case Study lI: Recycling FMCG
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Semantic modelling of Smart tags

I Smart tags for:
I lce cream packaging
A QR code
I Unique identifier for each ice cream

A Time temperature indicator (TTI) label

Aindicator of the quality of the ice cream
based on its cold chain

Airreversible thermochromic ink that will
change its colour after exposure to a
temperature above -10 CAfor more than
30 minutes

Friday, 03 November 2017
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Semantic modelling of Smart tags

I Representation of both
A printed electronics (e.g. NFC) and
A passive printed 2D tags such as datamatrix and QR codes (encoded using
dynamic inks)
I that can be read by scanners
I Semantic model for SmartTags capturing:

A reactions to chemical/physical conditions [e.g. Inks could be thermochromic,
hydrochromic or fluorescent Vvisiblel]i
temperature/humidity/light within defined ranges]

A reaction state (reversible/permanent)

A status (activated/expired/not-expired)

Alinks to required decoding mechanism

Alinks to recorded measurements, including context data (location, time etc.)

0 TS, |

Friday, 03 November 2017
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Semantic Analysis for FMCG

/

7~

i System provides point-of-recycling information @ the e implementing a system tht provices

information on how to recycle every consumer packaged

for every consumer packaged good (CPG) good (CPG) and rewards the citizen who recycles. Tracking
. _ _ the FMCG lifecycle and obtaining valuable consumer
I Allows tracking of the FMCG lifecycle behaviour information.
I Enables cold chain visible quality indicator i o croom wiots [N P st and il
) . . e [ T
| Semantic modelling can enable: e
A Detection of erroneous QR code scan i (T vl o o e lens ah e h o o can
best temperature to eat the ice cream the products they buy, consume and recycle in
m e aS u re m e ntS (Temperature Indicator reversible ink). the correct recycling containers and banks.

A Generic, enhanced recommendations on Vade. 20Me o
(nearest and relevant) recycling points

Memory Everywhere

Friday, 03 November 2017
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Case Study lll: Cyber-Physical-Social
(CPS) data analysis, fusion
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CPS Data Fusion
I Social data source: ;:j
A Recorded Foursquare check-ins in Patras, '
Greece for 3 months
I 100 Days between July to September 2012
I Created a rid of Alistening -
foursquare API every 30 minutes L2
i Each Iistening post queries API to retrieve [ Measurements taken during single 24-hour periods
names of businesses within their range, current | B Measurements taken during an entire week
check-ins and total check-ins. From this data X Air quality monitoring station

the number of users who checked-in within the
last 30 minutes can be calculated

T 282 venues recorded of which 249 checked into
I Average of 145.82 Check-ins per day

I Physical world data: Traffic and Air Quality

A Network of 29 stations where measurements
taken

A Blue stations where traffic measurements taken , S
over single 24-hour period, Pink stations where " ‘
traffic measurements taken over 7 day period

A X marks the air quality monitoring station.

A Air pollution measurements provided by the
Eubl_lc repository of the Hellenic Ministry of
nvironment, Energy and Climate Change

Refer to publication [7] for details.
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CPS Data Fusion

Correlated Air Quality (NO and CO) and Traffic data during a single 24 hour period (2
stations were over 1'week) with Foursquare check-in data

Correlation found between diurnal Foursquare check-ins, traffic volume, NOx and CO

pollutants
120 Diurnal NOx pollutant levels 700
Sunday ---x-- Wednesday —s<— Saturday o
600 |- Monday — ¢~ Thursday ....... Average ¥iihe
— — Tuesday — A~ Friday / \
E 500
= 2
S 400
Sunday ---3<-- Wednesday —>¢— Saturday E
W ——— e Monday — @~ Thursday ....... Average || -]
— — Tuesday — A~ Friday = 300
11111111111111111111111 <<
1234567 8 910111213 1415161718 19 20 21 22 23 200 3‘
(a) Hour of day S
Diurnal CO pollutant levels 3 N
1.8 - 100 -
unday ---3-- Wednesday —>¢— Saturday .
P Ty T Ry e - P
1.4 '.\\\ 0||""||||||111||||||||
1 012345678 9 101112 131415161718 19 20 21 22 23
g Hour of day
= 1
é 0.8
0.6
0.4
0 ‘; é :‘i 1‘1 é ;i l7 g ]9110111 1121‘3 1I41‘51161l71‘8 1192]0211 212 2‘3
(b) Hour of day
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I Multilevel categories of check-ins used
to better understand peoples diurnal
patterns

Awas used to compare activity
popularity, activity times and
compare venues

Aonly a few venues take up the
majority of checkins (Top 20% of
venues take up 69.2% of checkins).

Appearances

Friday, 03 November 2017

2500

2000

—_
[
(=]
o

-
(=]
(=3
=]

500

I —— Cafés

—Bars & Nightlife
-»—Shops & Services
|| —*—Food X

—o— Arts & Entertainment
—=- Qutdoor

Category Legend

Cafés
Café, coffee place, Internet café

Bars & Nightlife
Bar, wine bar, nightclub

Food
Fast food, ice cream shop, Greek restaurant

Hour of day

Outdoors
Plaza, marina, park

Shops & Services
Clothing store, electronics store, bookstore

Arts and Entertainment
Movie theater, theater, music venue
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CPS Data Analysis: City Rhythms

I Foursquare check-ins recorded in

e o ® o
London and New York s ;
A>2 months in 2016; 39414 check-ins ™ 2.0 o
(London) and 98726 (NY) N s T @ -
A Unique users: B
i NYi 7363 2% o oo
i London i 4417 00, 4" 050
AVenues: Lo @ m % @
i NY i 25100 " @@:’0 o o@r®
i London i 10853 D0 00° P0g
©9o .Q..,VQQOQ
° oo O
o Vg,
i vy - TR

Acknowledgement: Alex Grace, “Analysing Social Network Data to Reveal
City Demographics: Mining Social Networks For A City’s Typical Diurnal dford
Movement Patterns”, BEng final year project report, University of Surrey, 2017.

Resgate

Heatmap of Foursquare venues in London
Friday, 03 November 2017
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CPS Data Analysis: City Rhythms

UNIVERSITY OF
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3000

2500

2000

1500

Unique User Count

1000
500

0

-55
535 L49—47—45—43-4 1-39.37 35.33

Acknowledgement: Alex Grace, “Analysing Social
Network Data to Reveal City Demographics: Mining
Social Networks For A City’s Typical Diurnal
Movement Patterns”, BEng final year project report,
University of Surrey, 2017.
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loT Applications
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Urban Intell

igence
® . = ©
al _

Smart thermostat Noise heatmaps
Smart lighting Characterisation of urban
Assisted Living neighbourhoods
Event/venue recommendations
Event detection
Electric vehicle charging
Smart traffic lights E Pollu.tlor} mapping and
Indivi i . : _
HEIVICHAT HHD DIATIAS = h e) (5 environment conditions

H NO, ()
Al 2 PM10
Intelligent Transportation System (ITS) Environment Monitoring

Refer to publication [5] for details.
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Open Research Issues

I Cross-space data fusion:

A Mobile crowd sensed and physical sensor data are multimodal and in
different scales of measure

A Physical sensor data in interval or ratio scale
A Open datasets in nominal scale (qualitative classifications)

I Need intelligent methods to convert mobile crowd sensed data into ratio
scale for efficient integration with physical sensor data

I Reasoning methods: typically deductive
A Extend to probabilistic reasoning to handle uncertain situations
A Learning in dynamic or evolving environments
I Detect changes in environment to trigger adaptive strategies

Friday, 03 November 2017
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