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S

15t “City revolution”

People

Palace

Plane functional integration
Physical
space

Physical space compression for overcoming
time/distance limitation

Physical
space

Increase physical space segmentation and

productivity of space
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Background: 3" Revolution

Electronic
Space

Physical
Space

Physical activity and functionality to digitalize/Web

Transform of physical space into computer space for overcoming
limitation of time and space
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Background: 4™ Revolution

Electronic
Space

Anything
Anynetwork

!’( Anytime, Anywherg
= Any device i

Hyperspac
(3rd space ﬁ
Road, brldge
Physical tunnel C —<1_ Clothes, shoes
space

R efrlgerator
Cup, flowerpot Animal, plant, etc. washing machine, etc.

Intelligent objects by invisible computer

U-chips are transplanted into artificial or natural material, supplies, etc. for
interoperation between the electronic and physical space

S
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http://www.quicknet.com/products/mip.htm

> -
Embedded Virtuality Embodied Virtuality
(Virtual Reality) (Ubiquitous Computing)

Focus on digital content service  Psychical (real life) direct computing service
via individual computer at user location
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Key Technology

Physical Environments

HCI

CPI| (Sense,  HCI HCI
CPI (Compete)

Adapt) (Cooperate

— e — oy,

\ %
implicit HCI ]

v v Context- v ¥ .
{ Autonomous ][ Aware ]{Intelllgent UbiComp

[ Distributed ) System
CT \

— e = = = = o

o = Em mm = = —

ICT
Virtual Environment
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The Internet of Things

B The Internet of Things is the networking and applications concept
of connecting EVERYTHING to the Internet

B \What does this mean? @
twork
» Things enable applications —

» Things hold context to exchange
« Things have connectivity
Mobile
telephony
Computer
networking

Embedded
systems
Ubiquitous
computing
Mobile
computing

« Things have IP address Smart Objects and the

Internet of Things
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Requirements

B Cost-effectiveness

* Resource constrained wireless devices
« Low energy consumption

B Eagsy installation and maintenance
» Large scale networks(many devices and /or large area)
 Distributed vs. centralized channel access

B Reliable and on-time information delivery
» Determinism on channel access
* Robustness against channel impairments and network faults
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B Perspective of M2M/loT standardization
e Technical direction of the 10T and M2M standardization

(virtually/Conceptual)

1
ML Y0

26 The Interfet
Ty 5 of‘l’hlngs: >

Standardized
technical aspects

(Physical/Specifically)
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S

(IP-based networks to interface device data to a cloud or
middleware platform)

(Integration of device and sensor data with big data, analytics
and other enterprise applications )

IoT

Merging Point
(Remote device access)

M2M (Point-to-point communications using embedded hardware
: :
RBEHIECTRES: AereSHEIARORAN SCSS O 7

(Targeted at point solutions in service managemertt-

applications, where the data are not integrated with enterprise
N _ , app||cat|ons to He|p Improve overa” Busmess per?ormances 9



Organization for Standardization

B oneM2M
« M2M Global Partnership for Standardization

BETSI TC M2M (SmartM2M)

 Independent sub-communications network/End-to-End M2M is service target

« MZ2M service requirements, functional structure, interface specification
standardization

B 3GPP SA1/SA2 MT CMachine Type Communication)

* Mobile network perspective
 MTC service requirements

B [EEE 802.16’s M2M Task Group

» System requirements for M2M in Wireless MAN/Reference Architecture/Air
Interface Specification
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Organization for Standardization

B WIMAX Forum

* WIMAX network perspective
« M2M standardization in progress on the requirements

B IETF 6LOWPAN/CoRE/ROLL (Constrained RESTful Environments;

) Routing Over Low power and Lossy networks;
» |Pv6 over LAN/CoAP/Routing,... Constrained Application Protocol)

B [TU-T IoT-GSI/JJCA-loT

» Creating a standard for 10T reference model

B ITU-T FG-M2M

* M2M technology standardization for service layer

m\W3C

« Semantic web technology
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oneM2M Release

-
B Global Partnership developing standards for M2M and 10T initial

release
» Sophia Antipolis, France, Aug. 7, 2014

B Released standard documents

 oneM2M Functional Architecture Baseline Draft

« oneM2M Requirements Technical Specification

» 0neM2M Security Solutions

* 0oneM2M Service Layer Protocol Core Specification

» Management Enablement (OMA)

» Management Enablement (BBF)

» Constrained Application(CoAP) Protocol Binding Technical Specification
« HTTP Protocol Binding Technical Specification

 Definitions and Acronyms
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oneM2M Release

B oneM2M Functional Architecture Baseline Draft

» oneM2M functional architecture focuses on the service layer aspects and takes
underlying network-independent view of the end-to-end services

» Underlying network is used for the transport of data and potentially for other

services
Application
, Layer .
Common Services
Layer
Network Services
‘ Layer

< oneM2M layered model >
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oneM2M Release

* Functional Architecture
v AE
Application Entity

v CSE
Common Services Entity

v  NSE
Network Service Entity AE
v Mca

Reference Point for M2M Communication
with AE

v Mcc oS Mec |
Reference Point for M2M Communication '
with CSE

v Mcc'

Reference Point for M2M Communication
with CSE of different M2M Service NSE
Provider

v Mch

Reference Point for M2M Communication
with external charging server

v Mcn

Reference Point for M2M Communication
with NSE

Field Domain Infrastructure Domain

AE

—+— Mca Mca —+— Mca

To Infrastructure
Domain of other
Service Provider

CSE

~T~ Mcn

NSE
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oneM2M Release

« Common Services Functions

v/ Common Service Layer in M2M system
v Provide services to other CSE via Mcc
v Provide services to the AE via Mca

Application
Entity (AE)

—1— Mca Reference Point

~ ")
Common Services Entity (CSE)
([ Application and ( Communication | [ N ( ) h
___Management \__Delivery Handling J \ P LI \. g
( ( & N ( ) ( Network Service )
Discovery M roup t Location Exposure/Service
q L anagemen ) \ y, \___Ex+Triggering _J —|—
[’ g N F Senfits Bhad &‘ [ Sibenivi i ) Mcc Reference Point
N . ervice Charging ubscription an
Reglstradon ] ety ) Accounting Notification
. N (. Y .

=T— Mcn Reference Point

Underlying Network
Service Entity (NSE)
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oneM2M Release

* Relationships among oneM2M entities

Infrastructure
Node (IN) -
5 o an
Mcc’  |nfrastructure

l oo m 1 I:nozdh: g';?‘:lrg

o I Mca Providers
Infrastructure IN-CSE i Mcn
domain
Field - - - - i - - - T
domain sl I
Middle McS| | mee Middle
Mca | Mcc Node (MN) | —— Node (MN)
Mca !Mca
|MN-CSE - } MN-CSE| | ,
5 "Mcn Mce : "' Mcn
; s
Application Application i Application : Application
Dedicated Service . Dedicated rera Service
Node Node ; Node —f—,.. i —T— Mcc Node
(ADN) (ASN) ; (ADN) i (ASN)
i !
| IADN-AEl i I [aDN-AE] | |
| [asn-ag] ; ; | ASN-AE
Mca I [ Mca
! !
“H ASN-CSE ; ! ASN-CSE [}
: Mcn ; i : Mcn
1 H | 1
i i i i
Il H L L
Non- Non- Non- Non-
oneM2M oneM2M oneM2M oneM2M
device device device device
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oneM2M Release

B oneM2M Requirements Technical Specification

 Informative functional role model and normative technical requirements for oneM2M

M2M Common
e el Service

Underlying
Network LA

Connectivity Services

Network Operators

< Functional roles in M2M >
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oneM2M Release

B oneM2M Security Solutions
» Defines security solutions applicable within the M2M system

Security Services

Security Functions Layer

Identification
and
Authentication

Authorization

Identity
Management

Security
Association

Sensitive Data
Handling

Security
Administration

Secure Environment Abstraction Layer (not specified in the present document)

Secure Environments Layer

Secure Environment n

Sensitive Data Sensitive Functions

< Security architecture >
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oneM2M Release

Y -
B oneM2M Service Layer Protocol Core Specification

» Specifies the communication protocol(s) for oneM2M compliant Systems, M2M
Applications, and/or other M2MSystems

» Specifies the common data formats, interfaces and message sequences to support
reference points(s) defined by oneM2M

< Primitive overview >
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oneM2M schedule for loT

B oneM2M show case

* Dec. 2014
» Proof and preview of application, platform, etc based on oneM2M standard

B TTA & loT-Week Korea

* Nov. 2014

 14™ Technical Plenary in Korea
» Source - TTA press release (http://www.tta.or.kr)

(LWM2M:

- management functionality over sensor or cellular networks
- transfer service data from the network to devices

- extend to meet the requirements of most any application)
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Internet of Things — Platform

B IoT Platforms

Platform

Company

Interface

IMX53QSB Freescale Linux, Android Ethernet ARM Coretex A8

SimpleLinks TI Linux, Android WiFi MSP430
Hitex NXP FreeRTOS Ethernet ARM Cortex M4&MO

OM 13031

RZ Raven Atmel Embedded C 6LOWPAN AVR Atmega 1284P
Beaglebone TI Linux, Android Etherent ARM Coretex A8
Raspberry Pi Boradcom Linux Ethernet Arm1l

Embedded

ARM mbed NXP C/CH+ Ethernet ARM Coretex-M3

Arduino Uno Atmel Arduino Etherent, WiFi,

Cellular

AVR ATmega328

Ubiquitous Computing Technology Research Institute
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Internet of Things — Industry.

B loT Companies

. . Device
Company Feature Application Service Collaborator
. Smarter Planet Service Strategy
IBM MQTT, Inforsphere bigdata platform, Message | e o Tragfic. Finance, Distribution, Libelium
processing platform for MessageSight-1oT . . .
Public security, City management,etc)
Cisco Smart solution for ‘smart city Barcelona’, Smart+Connected Communicaties Service
Drava Networks RuBAN IoE platform Strategy
Oracle Jaya + DB loT Platform; One Box platform Supports B2B, B2C, P2P Freescale
with Freescale
Google Search, cloud, Bigdata technology Promoting home services
LogMeln Provide cloud-based 10T service; support . .
(Xively) various HW platform Integration with open loT HW platform ARM mbed
Thingspeak Support Thingspeak-based community Device monitor and control via Tweeter, ioBridge
platform and ecosystem
Everything Provide WoT platform by connecting things Integration with SNS, ERP, CRM etc
and web
ThingWrox Fast_serwcg d‘?"e_'OF’"?e”t. using model-based M2M/IoT service platform based on B2B,
service design; visualization
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loT Platform Infrastructure (1)

(.................-.................................................................>

Internet

.

Data Analysis (I
oT Data Platform)

Internet
Mashup

(1oT Data Platform)

>

<
g — g
@ ’.“> i_ "’ @

Internet - Internet
Connectivity

Gateway Platform &
(loT Gateway)
@ Internet.
v i
<
DI S 1

Device Platform
(loT Device)

Device Platform
(IoT Device)

Device Platform
(IoT Device)
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Internet
Semantic & Interoperability Knowledge (lo
(loT Data Platform) T Data Platform)
A
9 sosooocoooonooocoonoooncooama >
g — g
' e - o
8 > F . (8
Internet :'. o . Internet
R Connectivity .
s (loT Connectivity Platform) %
: v
@ H “ Gateway Platform
Internet 9 (IoT Gateway)
% Internet A
B v
>
CIITLITEIT S

Device Platform
(loT Device)

Device Platform
(IoT Device)

E JELTEERED 2

(.....................................................-.-............................>

Internet

Device Platform
(IoT Device)




loT Platform Infrastructure (2)

Category

Open HW
Platform

Function

Things are created in open HW
platform

Status

* Arduino, Respberry Pi, Galileo

Vision

* Open HW allowing easy
development

* Applicable for various
creative loT product

Device Platform

Device Operating System
Device Service Platform

* Lightweight OS such as TinyOS, Contiki,
nanoQplus etc.
* Ultralight / Ultra low power OS for wearable

» Customized ultralight/ultra
lowpowerOS Release

(GW, Things) device * loT infrastructure of
« 10T of network devices (Cisco: Fog Computing) network equipment
* Closed/ vertical platform - open platform
. » Telecommunication company centric .
Thmg_s Things Connection, Control, Open M2M platform Standardized open platform
Connection Management. Openness . Global C based 10T Platf * Global Company-based
Platform g P ° ?_ ompany-based 1o a orm loT Platform
» Specific 10T company open Platform (xively
ect.)
_ . Commermallzatlon_ of 10T data analytics platform - Expansion of public data
Things Data of Global corporation
. . . . . platform
Things Data Openness/Connectivity/Search * Linked data by applying semantic technology to .C " ith alobal
Platform /Analytics loT onnection with globa

* Things data connectivity platform(I1BM
etc.)

search engine platform such
as Google

Ubiquitous Computing Technology Research Institute
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loT Platform

-

IoT device and common service

: b

§ P moBIUS

$ ¢ Mraon

=S

i O & VwM
AllJoyn. ARM

N —N acuE

5 A T

T epp ¢ ioBridge

o Withings 9¢ &iake.

S, (lntel) Cj’

2 . alleh

=

| OO o Y

ARDUINO

IoT device functionality and connectivity

Ubiquitous Computing Technology Research Institute
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Semantic-based connectivity
and intelligence serivce

ThingWerx Cagle

ORACLE]

IFTTT

Web-based connectivity

25



loT Platform

B Arduino

» Implement various things by connecting sensors and actuators on a single board
based on open source

[Arduino shield] [Intel Galileo pin-compatible]

B Raspberry PI(UK)

 Single board computers promoting the education of basic computer science in school

— e — — — — — — — — —

|\Wearable device combining 3D
printing technique with Pi |
Technology |

Ubiquitous Computing Technology Research Institute 26
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loT Platform

B Cisco (Fog)

« Extend the cloud network device based on Fog computing concept

Traditional Computing Model loT Computing Model

(Terminal-mainframe, Client-server, Web) (Data Volume, Security, Resiliency, Latency)

&89 DATACENTER/CLOUD e 48D DATACENTER/CLOUD D

10x

ENDPOINT DEVICE
e

B Oracle + Freescale(Java Solution & oneBox)

» Freescale : Development of 10T Gateway based on chip technology
(with Oracle solutions)
» Oracle : Provide loT service development platform based on Java solution

— oo
orm (L1-tased o

APPUICATIONS

¢ ¢ ¢
L java = Java ORACLE
JAVA CARD JAVA EMBEDDED

ORACLE ORACLE ORACLE ORACLE
PUSION MDLEWARE FUSION APLICATIONS
|
O e |© )
ORACLE EVENT ORACLE
JAVA EMBEDDED PROCESSING T DATABASE
ORACLE ORACLE

BERKELEY DB BERKELEY DB

Ubiquitous Computing Technology Research Institute 27
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loT Platform

Y -
B ARM + Sensinode

 ARM: By taking over Sensinode, retain open solution based on All IP

Internet of Things = 10"
Smart Energy .

7 % Connected Home

& <«—s Lighting Control

T 6LowPaN

Healthcare

Security

NanoServices

End-to-end IP and Web Services

B AllJoyn(Qualcomm)

» Qualcomn starts AllSeen aliance leading open source things connection platform

p-Qblogtbsmind cotRL A ' ' J Dy n ™

AllJoyn enables ad hoc, proximity based, peer-to-peer,
bearer agnostic networking between devices and applications

Ubiquitous Computing Technology Research Institute 28
4 SungKyunKwan University



loT Platform

B SensorCloud (LORD Microstrain)

 Integration of various sensor devices based on Open API
Wireless Strain, Stress & Vibration
g o_so_s - -
A o L SensorCloud™
Wireless Environmental, Temp, and Power S = 3 £l
= _— S i - < s'::\::‘rn(;?fu‘: Math Engine, Alerts, oo
._-.., e ' = E 5 - S0 i !4£ - = E-E‘ managlement of your
: OGN W W ! sensor network with
Wireless Energy Harvesting i - 4 v mb Bk B Mobile - Unlimited storage
s ) ‘ + Automated alert
- . ,._:-,g“" li. o A | m,,mdmﬂ -R:p?:l:a:a :iseuarization
Inertial Location and Orieatation I T -
& S e —— =% ] = —
[

Solution: MessageSight(Connectivity), InforSphere(Data
Integration/Management/BigData) etc.

« Acquire cloud technology via M&A of Cloudant

ata Administration Deplwms

K = g ity
¥ sert/carfa Ry cas Semnes
- R
= EfPe | e O 8 ®
By St Oriver apps) W o0

Ubiquitous Computing Technology Research Institute
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* Acomplete M2M data integration and app development platform
* Cloud-based service infrastructure

« Support scalability and security, and integration with enterprise applications & systems

« Powerful open source API

« Standard-based message queue technology for integration

» Preconfigured application e.g. location tracking, and customized applications

» Provides an agent for connectivity of devices

» Axeda AnyDevice codec server handles protocol to install, configure and use M2M devices which
have Axeda agent or Axeda wireless protocol capability

Security Services
Certified security: 1SO 27001, EU Safe Harbor, N3

. Monitor system activity with full audit log
_'_.. Integration Framework Cloud Dellvery Policy Server for end-user access control SCalability and Reliability
- 2-way cloud-to-cloud High performance with System scalable to process
communications global reach ‘ billions of transactions daily
- - . r
- ‘3

Axeda

Application Services
- Open API
- Groovy scripting
i O tandards- initi
engine Drengstancarcs:. Lower initial costs and TCO Proven management of 100s of
o Scale as fastand as much thousands of Assets
= Authentication,

Aélvrr‘li‘ni;t'rati-dn

sssssss

i = thorization, and as you need f
- Built-inmessage bkl ;%:urai?y via y Data backup, failover, recovery,
queue HTTP Painless system and restore
upgrades and
% ———— updates
loT Connectivity loT Data Management ' Device & Asset Management
= Open device communication - Efficient machine data - Alssettraclgfipg & monitoring,
= Intelligent secure agents for collection and storage o oscarions
internet, cellularand satellite - Complex event processing Device provisioning &
y configuration
= Protocol translation - Configurable business rules "
- = Remote service, access
= Embedded agent toolkits - Location-based services, Resoitine Branalvtice
- 1 il
= Leastcostrouting geofences P 2 W

- Content/software distribution Adm|n|5trat|on

Manage users, roles, groups,
asset models, timers, actions, rules

Device Lifecycle Management
Provision devices
Monitor health of device

Deploy and update custom applications

Easily browse, search and bulk update
connected products

Update software / firmware
Troubleshoot issues
Manage SIMs, billing, usage

Ubiquitous Computing Technology Research Institute 30
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Digl, Etherios

-
» Device cloud connects devices with open APIs, toolkit for custom solution
v" Connect devices with open APIs

v" Toolkit to build custom loT solutions
v" Visualization and business intelligence

« Social Machine
v" Connected product solution on Salesforce AppExchange

v' Connect product to core business process (e.g. ERP,CRM) "= e

v" Raw machine date into actionable business information DU o oevices m
v Remote monitoring of machine =0 Boooiii.m -
v" Preventive repair and maintenance -

eeeeeeeeeeeee

v" Increase efficient

Engage with

° Gateways Connect Widely Deployed Channel

Assets & Customers

« Communication modules ]/ \ @

 Solutions e.g. IDigi Energy , IDigi Tank

in Real-Time

&
<

' h‘
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» Consortium of companies

* Projects include

v Kura: a set of Java and OSGi services
that are most commonly required for
loT gateways, including 1/O services,
Data Services, Cloud Services,
Newtorking, etc

v Mihini, written in the Lua script
language, provides low-level
connectivity management, Paho,
communication M2M devices

v Koneki, development environment

v OMA-DM, a simulator for device

-—

(™ his
[
I properties, events, services
management r"‘l ________ ‘
SmartHome framework for smart home | -
. : . ' e : Open ToT application
SO|U'[IOFI : - ‘ : frameworks and services
oyen oot

transport, encoding, policies

 Eclipse SCADA solution for connecting N
different industry devices i

A R R NS RSN NS BN BN S N N N S S S S S S S S S S S S S -
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Thingsquare

» Contiki, OS for low power, memory constrained, connected devices
 Things(devices) equipped with Thingsquare Mist OS | Sontii operating

Node Management

» Things for low-power wireless mesh network — § . ?1 ff_i
« Things Code, An IDE for applications § ,_§ 5 g 2 § ‘E
« Connected consumer products AR ENIRRIRRIE
*  Wireless industrial monitoring solutions | il °|| | [ B |

1 | { {3

Things
The Thingsquare
fimware.connects Things cornact to the Thingsquare cloud

amhiry =
Al i = via the lntarmeat

The Cloud

Ubiquitous Computing Technology Research Institute 37
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Xively(Pachube)

* Public cloud for loT

« Tools for building and managing connected things

« Consists of Libraries(SDK), Cloud Platform, WebApplication

« Xively can be applied to various fields

« Supports various hardware, platforms, languages

* Provides all the things for the development, deployment, management of loT

Xively Data Hierarchy

DATA SERVICES
ime-Series Archiving

Device
Product Template Metadata

Device u : Metadata

Ubiquitous Computing Technology Research Institute 38
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Arrayent

« Connect Things to Smartphone and web apps.
« Scalable to millions of devices

* Major part of platform hosted at Connect Cloud
v’ Connect agent
v" Connect cloud
v Mobile framework
v' Data analytics

B
;--

The Arrayent Connect Platform

ol 1o

Enterprise Apps Consumer Apps
Arrayent Data Analytics Arrayent Mobile Framework

~
N\,

D

W

Systen? Data Mart & App g Templates
Analysis rd Engine

L' Arrayent ConnectCloud |

~ )
Rules Engine* Web Service Ene?;;aS:::ices
 [eatures -f.- ® = C?b
v Device Virtualization
- & Management Virtualization A Alert Engine
v Alert Engine
v' Over-the-Air (OTA) Firmware Updates G- Tl g e @ e
v Low Latency N 7
v Legacy Product Support Arrayent Connect Agent
v Rich, Scalable Storage @ Bl DT @ 5-‘5:2;]
v Low-Cost Hardware Support 8 S "
v" API Abstraction | ! L
v' Data Mart services @) o: L
39
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loT Application - Environmental Monitefings
Y -
B TST is awireless products manufacturer for smart applications,
M2M and loT world :
[ TST

« Assist environmental protection by monitoring air
or water quality, atmospheric or soil conditions, 5
earthquake and tsunami % S RO TR

19

Pluviometers (rain gauge) -

Anemometers (windmeter) e %
Flow water meters SIEREA CaTon s i
Temperature and ground sensors
Humidity and ground sensors

Ground electrical conductivity sensors
Plant’s leaf humidity sensors

Sap flow sensors

Level sensors

PH sensors

Gas sensors (CO, CO2, NO2...)

AN N NN N Y U N N NN

Ubiquitous Computing Technology Research Institute 36
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10T Application - Infrastructure Managément
> - |

B Monitoring and controlling operations of urban and rural
Infrastructures such as bridges, railway tracks, on- and offshore-
wind-farms. TST provides TSmarT communication platform.

 Street Lighting I!EH TST
« Smart Parking

 Supervision of water canalization
« Air quality measurement
 Interactive communication with citizens

Wireless remote control system to manage the traffic lights at train crossings
in Bilbao harbor.

Ferromagnetic sensors detecting the
presence of vehicles parked over them

Ubiquitous Computing Technology Research Institute 37
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SCUBE: Chamomile

Chamomie Core

Theg Daviin
Mareger  Nasager Serser

Support Devices

KET1 MDS Bap KETI
(Ethernet, Wifi) 138) (46) Raspberry Fi Beaglebone CoAM
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loT Platform: KETI

BCUBE: Lavender & -

wpan

LCUEBE: Mint RCUBE: Rosemary

CoAP

CoA Service Platform

ECUBE: Chamomile

Ubiquitous Computing Technology Research Institute 39
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loT Platform: Intel Edison

) H Software License T
Intel® Edison Technology | | res
R e l.'E' as5e 1 S 0 f‘t ware s ta C k Branded or Licensad Binary | On Die Sllicon based AOM
gg?ttaéril.lppﬂrt Edison Cloud Services Portal ?l'll.?;‘;:du )
Cloud Device Registration  User Profile
Arduing” IDE
Flash® Tools

T [ ons | o | | Conmmant

angier Support in Kerne
USE Gadget

Trusted Boot ROM
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loT Platform: Intel Edison

Intel® Edison Developer Options

Coming late Sept. Coming mid 40 (subject to changs]
|
I I |
Arduino® Java script Embedded Visual MCU
Developer Developer Developer Programming Developer
Cloud loT Kit & Mashery*
Arduino® IDE Intel XDK Eclipse Whyliodrin® )
IDE " " "
Win l’f Mac® Will'f Mﬂclf Lirux® Winlf Mac* I Lirumx® weh Win .-"l-llﬂl: .I'ILII'II..II
Programming || apdyinp* Sketch i
Language Ct++ Javascript (Node JS) | €/ C++/Python J:'s“‘::m CJCe+
Toolsf duing® Librari el ) .
Libraries Arduino® Libraries Intel XDK 155 Wyliodrin MCU SDK
05/ ]
Boot Image Yocto Linux® 1.6 RTOS
| | | ||
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Smart Grid

Enabling real-time energy optimization
Measurements

Automated controls plant optimization
Health and safety management

IEEE 802.15.4, Zigbee, UHF RFID and SubG (433MHz) RF technologies

Ubiquitous Computing Technology Research Institute
) SungKyunKwan University

B Network control and management of manufacturing equipment,
asset and situation management, or manufacturing process control

AD\-\NTECH Enabling an Intelligent Planet




#Ayla Networks

Si— i

Smart Meter
A communication
gateway between
the Smart Grid
and the home.

Ubiquitous Computing Technology Research Institute
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Geothermal
Heat Pumps
Reduces HVAC and
water heating energy

requirements by 30%.

Home Energy Manager
The central nervous system
for the net zero energy home
helps homeowners optimize
energy consumption

energy of a conventional
electric water heater.

B |oT devices integrated into all forms of energy consuming devices
(switches, power outlets, bulbs, televisions, etc.)

Solar Photovotaic

3 KW to 4 kW solor array
on the roof to meet energy
requirements of the home.

Small Wind
Supplementary renewable
generation.

Energy Efficient Lighting
High efficiency CFL, LED and
OLED lighting.

Demand Response Appliances
High efficiency Energy Star Appliances shed
load from the grid and help consumers save

money during peak demand.
Energy Storage
Battery storage for backup
Uses less than half the power and peak loads.
GE Water Filtration magination at work
Filters, conditions and monitors
home water usage.




loT devices enable remote health monitoring for blood pressure
and heart rate, and emergency notification
MD T,

Sensor node —
electronics eb-base vt
ysician,
Internet trans. Monfiorng Cones
i Loved Ones,
CCU Social Network
box \
Y via internet f——]
Data trans- ¥ HOME AUTOMATION
Expansion
TELEHEALTH Capabilities
ISM/GSM Smart Plugs
"lla i, =
2 vy, Imks Smart Appliances
5‘“"“* Safety/Security
MICS link 3 7 N
(1* trans. link} = o 5 Lighting Control
A > Local Display
Mediical Envl - 868 MHz RF BT HDP BT SPP BTLE USB PHDC
: I m ||} Ox | | Blood Glucose Thermometer | | Blood Pressure @ @

Meter Monitor

Long distance information transmission
(2" transmission link)

. Freescale Technology = <€—» Wired Connection  4--%» Wireless Connection
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loT Application - Transport systems

B Integration of communications, control, and information
processing across various transportation systems i.e the vehicle,
the infrastructure, and the driver or user, electronic toll collection
systems

Digi TransPort VC7400
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") SungKyunKwan University



lot Application - Building.and Home Autom
L il
B Home automation system \CES [ -

& I i l___,

History & Analytics
Engine

* to control
v'heating 3
v'lighting iyt e
v'ventilation i
v'air conditioning C e )
v'appliances @ ® .w # T A 0.

User Account & Service
Provisioning Engine

~

v’communication systems « 8 @ @ ! v ¥ C]

v’entertainment
(High Bandwidth, High Power, High Cost Devices  WiFi & Ethernet

v’home security devices PubNub &, E _ tmnussrio
* to improve e i

PC ~~—n SmarfTV
v convenience P — -

v'comfort e

~

\_ Bndge/dongleu \, J
v'energy efficiency — — )
. f ‘_'u ________________________ z 2 B
"""" = i 802154/J t-IP / Zigh HAILL
\/ SeCUI‘Ity Liphiing sefches e o - enne ig ee\ - e
e - )(Health
- Home monitring Electricity ‘ Climate control/ garden, ...)
tering and tworks
W @ (  fire) (r:; t:?“r;lng an . sensor nef
\_Narrow Band, Low Power, Low Cost Devices )
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loT Services - Harvestgeek

Article Detail
Company Harvestgeek
Method of Wi-Fi
Communications
Product BaseStation, SensorStation
Component

Mobility Support

Application area

Service
Characteristic

Use case

No

Farming

» Webcloud for farm monitoring and control
* Developed in open source

* Case 1: Monitoring farm condition

- Measure farming environment (Humidity,
acidity, temperature); real-time check on
Web

 Case 2: Automatic operation of machine
- If condition is met, farm machines are
triggered (fan, light)

g base
Harvest . S ' Temp 155

alg o Y HE
& o [T

Ubiquitous Computing Technology Research Institute
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automation

My Device @

Control

K A

% #

Web interface

. Push *
J, e
¥ il
'_‘_f_'__'_:,:,‘: Lux
et I l | Q
T

Harvest Cloud a e

o gy 7..1r’1

=

A

’ ol Harvest
-7 ﬂ .4, Base Station

SENFOr
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loT Services - Withings

Article Detail
Company Withings
Method of Bluetooth4.0, Wi-Fi 802.11b/g/n(Some),
Communications  Ethernet(Some)
Product Health condition check devices
Component

Mobility Support

Application area

Service
Characteristic

Use case

OS/Android, Partner app are available(open
API)

Health care

* Cloud service provides data lookup and
share

* Application push upon the occurrence of
some events

* Case 1 : Measure weight or BMI
- Measure and share the weight change
when diet is started

* Case 2 : Real-time baby monitoring
- Monitor baby condition(24 time),
if problem occurs, alarm using an
application

6 SungKyunKwan University
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(@ soovmeora 17

fitnesspal X

tactio

TargetWeight

Open API

Provided T

Wi-Fi)

E»{\ & Withings )

N

||

Developer Center

Data Moni
toring

Withings Device

4—“

Hay

Connection\@‘//

(Bluetooth,

48



loT Services - Waspmote & Meshlium &
~ -

Article Detail
Company Libelium
Method of Bluetooth, 3G/GRPS, Zigbee, Wi-Fi
Communications
Product Open source hardware(Waspmote, Meshlium)
Component

Mobility Support

Application area

Service
Characteristic

Use case

No

All area

* After installation, provide OTAP(Wireless
programming)
* Provide gateway to send the sensor data to
external cloud

 Case 1 : Smart water project in Valencia
- Monitor and measure the environment of
river(PH,DO)

* Case 2 : Smart parking

- Install Waspmote in the parking area, and
then monitor parking lot in real-time and
air-condition service using Meshlium

Ubiquitous Computing Technology Research Institute
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\%@

N

)

\:‘a.

Meshlium
(Router) . —_

Ethernet
I | J P7ANN

Wlfl WWW > 3Connection Options

ZlgBee |
@ 3G/GPRS

@

\%@ A

Install Sensor, programming
(Over-The-Air-Provisioning)

Sensor Traffic condition
(Bluetooth)
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loT Services - Spark

Article Detalil
Company Spark Devices
Method of Wi-Fi 802.11 b/g
Communications
Product Cloud Mobile Platform(Real-time Data
Component transmission), Spark Core Chipset, Shield

Support Mobile

Application area

Service
Characteristic

Use case

iOS / Android

All areas

* Attached Spark Core and Shield onto things

* Install/Programming available after wireless
connection to Spark Core

 Chipset is cheap and compatible with
Arduino

e Case 1: Wireless motion awareness
- Send SMS if wireless motion sensor
recognizes an object

¢ Case 2: Robot control
- Control robot to which a core is attached

Ubiquitous Computing Technology Research Institute

»Y) SungKyunKwan University

e

The Spark Core

Operate Devices

Spark Flash
(install Core on Wireless) (Programming core on Wireless) ~attached Core

Smart Config
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loT Services - NanoService

Article Detail
Company Sensinode -> M&A by ARM(13.08)
Method of IP (6LoOWPAN to Cellular)
Communications
Product Closed M2M platform
Component (Web Application, REST APIs, Device

Mobility Support

Application area

Service
Characteristic

Use case

Libraries)
No

Smart Energy, Connected Home, Healthcare
etc

* Provide M2M Embedded Web service
based on 6LoWPAN and CoAP

» Web Application Reference for each M2M
Market Segments

¢ Case 1: Connected home
- Control home appliances using web
browser

* Case 2: Lightening
- Control and monitor streetlamp using web
browser (including firmware)

Admin App

Config 1 Browse
Monitor

NSP Java SDK

Reference Apps

Connected Street
Home Lighting

NSP Java SDK

Web Apps

i

o
- ".;L
L g

Full Web Services (HTTP) t

REST APIs

NanoService Platform
Resource Directory, Eventing, Cache, Proxy

NanoServices (COAP/HTTP)

Device(Things)

Device App

NSDLAPI I -

[
oDTLS - -

NanoService Device Libary NanoService End-points

NanoService Architecture Platform Component
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loT Services - ThingSpeak

Article Detail E’ hingHTTP ‘
-ThingSpeak: ThingTwe? welo services

Compan ioBridge .

al 2 Link Devices ThmchTTP-Ir

Method of IP based(Ethernet, Wi-Fi, Cellular) Data collect weetContro
Communications 'H\ -3 ThinkSpeak (PR

(
Product Libraries(SDK), Cloud Platform, WEB f\gS | Cloud React apps

Component Application React

Mobility Support  No \ .
other things

Application area All areas

Service ¢ Provide OPEN Source APIs Chamels » Channel 3 S W 0 U
Characterstic * Support Arduino o s i Q g
» Control and monitor device via Tweeter e

* Share data channel
* Support time zone and localization

e 3156 » Edit

Theeg Tweed ThigHTTP

Dewce 3156
Adduno v

Use case *Case 1: Tweeter mash-u i @ \,/ I I :
: p serviceson :
temperature ; st —
- If the room is very hot, a message is sent to |
user by Tweeter : |

TavolControl

Update Device

Data search, share APP-Device register
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loT Services - Open.Sen.se

Article Detail
Company Sen.se
Method of IP based(Ethernet, Wi-Fi, Cellular)
Communications
Product Libraries(SDK), Cloud Platform, WEB
Component Application

Mobility Support

Application area

Service
Characteristic

Use case

No

All areas

* Process sensor data as web application
- Process, Trigger, Visualize

* Support Arduino

+ Allow manual data input

* Various data mash-up

*Case 1: Withings weight - weather data mash-

up

- Available to check the relation between
weight/energy consumption and weather

You add Channels that Applications process your  You visualize (and maybe

send or receive data data and use it to do all

share) your data on your

to/from Sen.se Senseboard

sorts of things

.
| 3
i
iy
L
4
3
i

\
>
using mash-up Withings weight machine
and weather data obtained by Sense Register Devices Data Mash-up using Application
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loT Services - Paraimpu

Article Detail
Company CRS4
Method of IP based(Ethernet, Wi-Fi, Cellular)
Communications
Product Libraries(SDK), Cloud Platform, WEB
Component Application

Mobility Support

Application area

Service
Characteristic

Use case

No

All areas

* Provide connection between things, services
* Allow to share the things

* Support various 3rd party(Arduino, Xively
etc)

* Case 1: Foursquare + Gmail

- Send information on the restaurant to the
Gmail account, if people mark it ‘Good’ in
Fourquare

* Case 2: Arduino + water switch
- If sensor recognizes the land is dry,
open the water.

Sensors

Actuators

Connections B

6 SungKyunKwan University
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Add new Sensor [?] Sensors Actuators Your Connections
r‘ Paroung
Ub ol ¢ g, Rues, w0
ABLC e Source JSONGanertor
JS0NGenerator Sinikc Genenc TESTAChuah
- - R ' sl cRas: HODRed “
Add new Actuator (?] Ownee: Ao Pt Owner- Arorio Pres
PANATE[7] PUBLC 7] . . '
PRE L@ 0w @ = o i
el A U Mﬁmu’;-; , Ourar: Antorso Prtus Sirk: GenencTESTAStust
| PRVATE [7] PRNITE [ s woppen

Sensor/Actuator select

Connection create
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Examples of 10T Services

* n.thing, Smart plant services

Web Application

Mcobile Application

mmmmmmmmm N )

@ Smart TY Application

nthing

Intarnet of things / M2
vl o
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Examples of 10T Services:

-
* Beam Brush % Livescribe Sky Wifi Smartpen

3% Sphero, robotic ball

SMART —— |
FISHFINDER sy
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‘ SungKyunKwan University



Examples of 10T Services

* Nike Fuelband, Fitbit etc. device for fitness % fibit Aria Wifi Smart Scale

< Smart Toaster

. @
-~ B

.LGHome( ¢

Clean rooms before you
return home?

————
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loT Home & City

B Smart Home

= Provide various functions
» household appliances control
* lighting control
 curtain control
* remote telephone control
 indoor and outdoor remote control
* Dburglar alarm
* environment monitoring
« HVAC control
* programmable timing control

Optimize the way people live and help people
arrange time, improving the safety and
cutting the energy cost
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loT Home & City Growth

Smart Home Growth

= In 10 years 30% of broadband households will
have a smart system

= Approximately 65% of households will have
multiple systems by 2017

35%

5%

0%

© 2012 Strategy Analytics

a5% Breakdown of Annual Revenue by Smart Home Product Category: WE

(% Annual Revenue; Hardware, Services and Installation)

2012:53.18 2017:510.28

| Top to Battom = Chart Left to Right

® "Smart” Appliance Controller Value

& Rer bled Entertai
Control Systems
O Professionally Monitored IP-Security

O 0ther Smart Hardware
DOHealthcare Systems & Services
= Self-Monitoring Market Value
B Whole-home Control

u Integrated Entertainment Control
Systems

2012 2017

Ubiquitous Computing Technology Research Institute
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Net Households with "Smart" Systems: Western Europe
(Number vs. % ALL HHs & BB HHs) Households

60 100%;
Net Households
with 541
Smart Systems m Total # HHs with Smart Systems .t 90%
50 ~4— % BB HHs

@~ % ALL HHs

40

20

10

2012 2013 2014 2015 2016 0m7 2018 2019 2020 2021 2022

© 2012 Strategy Analytics

By 2017, revenues > US$10 billion

Professionally installed integrated entertainment
and smart home
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loT Home & City Domain

B Application domains

Smart home/office Smart retail Smart city Smartagriculture/forest ~ Smart water Smart transportation
Network size ~ Small Small Medium Medium/large Large Large
Users Very few,fam-  Few,community ~ Many, policy makers,  Few, landowners, Few, government Large, general public
ily members level general public policy makers
Energy Rechargeable ~ Rechargeable Rechargeable battery,  Energy harvesting Energy harvesting Rechargeable battery,
battery battery energy harvesting Energy harvesting
Internet Wifi, 3G,4GLTE ~ Wifi, 3G, 4GLTE  Wifi, 3G, 4G LTE Wii, satellite Satellite communication, ~ Wifi, satellite
connectivity backbone backbone backbone communication microwave links communication
Datamanagement Local server Local server Shared server Local server, shared server Shared server Shared server
[oT devices RFID, WSN RFID, WSN RFID, WSN WSN Single sensors RFID, WSN; single sensors
Bandwidth Small Small Large Medium Medium Medium/large
requirement
Example Aware SAPfuture retail ~ Smart Santander SiSViA GBROOS A few trial
testbeds home center citySense SEMAT implementations

Ubiquitous Computing Technology Research Institute
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loT Home & City Applications

B Smart City — A Combination of Vertical Solutions

» Smart Transportation & Public Transport
« Smart Ticketing
* Signage
* Geo-Services
« Communication Gateways

 Public Safety & Security
« Surveillance & Security
* Emergency Services
* Public Infrastructure

« Smart Well-being

* Healthcare

* Elderly living
« Smart Energy / Smart Grid
« Smart Building
« Smart Water Management
« Smart Retail
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loT Home & City Infographi

B Libelium Smart World Infographic

- Sensors for Smart Cities, Internet of Things and beyond

Libelium Smart World
Electromagnetic Levels

Detect iPhane and Ar Measurem: energy radisted
general any device which by cell s:atons and and WiF: routers.
Bluetooth intertaces.

Air Pollution
Control of CO, emissions of &
& by cors and texk g ' "
i P eter Access Co Traffic Congestion
Forest Fire Detect,on Montonng of vehicies bad- pacestran

 to optimize driving and walking

Wine Quality Enhancing

Moniering chl moisture and 1 wk 3vav~ el
in vineyards

grapes and vitve heaith

Offspring Care

ns monitoring in high performance
d helds

Structural Health

Smart Parking
3 of parking %

Quality of Sh|pment Conditions Water Quality
Study of water ers ard the
03 for fauna and aligibilty for dnniaole
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Smart Roads

Warning messages and
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oenar habits, preferences,
components for them

Noise Urban Maps
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C 20045 10 rebl ime.

and pressure vanatons slong pees.
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Item Location
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loT Home & City SaaS

B Sensing-as-a-Service Model

Sensors Communications “Enterprise” / Service Provider Platform Customers
H - H Application Developers T TTTTTTTT i
I 1
i . 3 i -
! i ! i
! i ! i
! i ! i
i ' i :
1 1
i § | kg il
3 : H - i e :
I 41 1 1 I 1
1 1 1 I
i ] i i i i @ i
: P - e E Ve
i ; i i i 7 ¢ @
: - P - :
: 1 I Enterprise & !
1 1 1 i . lfe]
| Sensors & Sensor Ownels | Sensor Gateways | | Service ExtendedSenvicer | ! Consumers |
! 1 ! 1 ! Provider Provider 1 H 1
illeamramonny. et — I ! ! H I H I
gy -I | s s o ] g S - - —————— - 1 - ————l -
ol T 4 B
7’ - ~
S 2 t\ ,7 \\\ ’,,/ (: I7
7 \_/ N ¥
+  Anydevices that can be * |OT Gateway players +  Common Middleware +  Smart cities
integrated with . Localized analytics . Smart environment
Gateway . Aggregate analytics . Smart water
. Sensor owners:- . Creating an 10T eco- . Smart metering
. Personal and system . Security & emergencies
Private *  Creation of new +  Retail
. Private business models . Logistics
Organizations . Harnessing the Power . Industrial control
. Public of Application . Smart agriculture
Organizations Developers . Smart animal farming
. Commercial . Home automation
Sensor Data . eHealth
Providers
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Stream Processing

B loT Stream Processing

Data collections and
processing within the
networks

" Network-enabled

&’
) iDewciej - ) .
Jsj 5 =

Data
streams

Network
services/storage
and processing
units

Query/acces
s

to raw data
Or

ngher Ievel

' NetWork enabled I
; Devices
S WN @ @
LN 1P
g = -
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Streaming Data Processing

B \What is stream data processing

» Method of making audio, video and other multimedia available in real-time over
the Internet or corporate intranets

» Streaming ensures no download wait

B \Why is stream processing important?

« Large scale data cannot be easily stored because of their volume, and accurate
analysis is no simple matter

 With stream processing technology, you can continuously analyze massive volumes
of your data in memory to take action in real-time
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Streaming Computation Model

Synopsis in Memory

Data Streams I

Processing
Engine AnTver

Decision Making

|
- \ Stream (Approximate)
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Stream Processing in IoT Environment

B \What are needed for loT?

analyze the arriving sensor and device data in real-time

provide comparisons against the trend data by joining the real-time data with
historical, stored data

provide real-time dashboards and alerts for visualization

provide continuous streaming integration with operational systems for process
automation

stream the data through the existing Hadoop and data warehouse platforms

Essentially, stream processing is to the Internet of Things, what Big Data and Hadoop
has been to the Internet

M. Compton et al, "The SSN Ontology of the W3C Semantic Sensor Network Incubator Group", Journal of Web Semantics, 2012.
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Stream Annotation

B Real-Time Stream Annotation Framework

Semantic Annotation

aq
2 o
p 5
W o Semantic Annotation g
Domaim g_.-'} :‘; - o
Enowledge ‘E (=] M E
E (a] Semantic Transformation i Py
[ia] 4H
(3 w d =
el d -
o a
5 1  E
— & Virtualisation e o
z a w
E' Hoa = &
Stream oo . Resource Management a @
Datastora E"_ E r E
aQr e o
E Data Wrapper and 'j
+ j L
. Source Adaptation 2
Scraper AFPI
¥ i =
Social _—— Statie
Hedia Information
Btreams
Streams Sources
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Stream Annotation Ontology

B Stream Annotation Ontology

Sensor Data on
the Semantic Web

prov: waaﬂ&nerat&dB;r ,f # LA

-\.,,
-
s

_‘..- .-"
- |I' s
&

&
- - Fl & W
- " a &
o # r
ymbolic Tiecewlse
Segment Aggregate Aggregate
Approximatiop \pproximatiop

The SAO allows representation of aggregated stream data and temporal characteristics,
based on the SSN ontology and Timeline ontology.
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Ontology for SSN

B Existing models - e.g. W3C SSN Ontology

Deployment R e deploymeanrocesPar‘t only System OperatingRestriction i
" = hasSubsystem only, some  hasSurvivalRange only i
F Pl [ G - H - 1
[ DeploymentRelatedProcess ]4’ it . == ’[ sunivalRangs ]- : !
hasDeployment only AT L R = - I
e==—-=-==i—g===% System [--=====----__ i F[O P ]_ .
_____________ “ - ) T TTrreT peratingRange [ 1+!
Deployment [€52r~ o em only 5 7§ hasOperatingRange only H
e i
: deployedOnPlatform only v Process : ::
I 1 1
| inDeployment only ; Device - E?_Slnpm only - 1
: < | . I e [ l i
PlatformSite : ’zanPEatform 0n|y Device Process : :3
S X e 1l
S i i
Platform  [4~ GitachedSystem only Output hasOutput only, some ; :3
1!
I\
Data Skeleton : 1
implements some 1 :;
--—z===3==--PF Sensor ==z ------=a____ ; i
g T e Sensing | i!}
hasValue some__ | . _ v~ ~ “sensingMethodUsed only I :i
- P Y 1
- " i 1
Y [ SensingDevice ] . s observes only 1
[ ObservationValue ] ----------------- 2 g 1!
isProxyFor only T e il
ST ol B e 1Y
1 20 4 3 R - i i : :
*\ sincludesEvent some r s ,’:ol:;s’ervedProperty onlyz = ! IsPropertyOf soms !
] A S Paae
observationResult only’y observedBy only _.==z7%% ’, JhasProperty only, some i :
: ..--i'i;_'-;'_'-:‘:::: _________________ Lo s I:
it featureOfinterest only !r >[ FeatureOfinterest ] : :
7 + 1
£. |
MeasuringCapability / i i Const;aiﬂ!B.’ock ! : I
hasMeasurementCapability onlyv' forProperty onlyt i_ : : :
- -i'l nCondlhon only inCondition only | N
[ MeasurementCapability } il o Sl >| Condition I‘ ——————————— rTTT !
b e e et e e e :
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Stream Information Model

B Information Model

wasaAttributedTo

( prov:iAgent )
wasAssoclateds I )
with wasDerived

used prﬂv:Entlty ! J From

DUL:Information __4: DUL:Entity j
Entity

wasInformedsy v = e "
[ IoTest:QualityOf J IoTest:QualityOf ]
C( prov: H"'-'-l“rltl" ba Serviece Information

wasGen&rﬂtedBy .

L]
L]
h.

prov:used

...r"‘_""-.
saﬂ StrsamEvsnt) sao: Streamﬂatﬂ ) (sau:StraamﬂnalysisJ

T

prov: wasG&neratedEy
gao:subevent

Describing a stream annotation work flow using the Stream Annotation Ontology (SAO)
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B \What 1s Storm?

* Free and open source distributed real-time computation system
« Easy and simple to reliably process unbounded streams of data

» Real-time processing, while Hadoop batch processing
» Used with any programming language

t Zookeeper J

Chintis ] (T zoeer | ()

@ L Zookeeper J

_u

< Storm Architecture >
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B Concepts

e Streams
— Unbounded sequence of tuples

e Spout
— Source of Stream
— E.g. Read from Twitter streaming API

 Bolts

— Processes input streams and produces new
streams

— E.qg. Functions, Filters, Aggregation, Joins

» Topologies
— Network of spouts and bolts

Ubiquitous Computing Technology Research Institute
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Tuple

Tuple Tuple Tuple Tuple Tuple Tuple

Tuple =

Tuple
1=3
Tuple Tuple T“P
Tuple
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L=]
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B Noise is induced to data observation:

« Harsh environment
« Sensor uncertainty
« Transmission jitter...

Y. =X,+N,, forallseS

B Markov random fields (MRF)

Observable node variables

Hidden node variables

* Analyze spatial & contextual dependencies

of physical phenomena
* Restore data from noised data

5 & &8 B B B B
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The alarm signaled
to the fire
authorities

Data are sent to
the monitoring
tool over the TCP

Fire workers are sent to
area in case of an alarm is
S triggered

Monitoring tool

20

(b) Y=X+N

© ad

Precipitation and wind
speed data are taken from
meteorological service
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] 40

Data are
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Technology Reach

TECHNOLOGY ROADMAP: THE INTERNET OF THINGS

Software agents and
advanced sensor
fusion

Miniaturization, power-
efficient electronics, and
available spectrum

Teleoperation and
telepresence: Ability to
monitor and control

distant object
Ability of devices located AT ORRER Physical-World

indoors to receive Web

geolocation signals Locating people and
everyday objects

Cost reduction leading Ubiquitous Positioning

to diffusion into 2nd
wave of applications

Surveillance, security,
healthcare, transport,
food safety, document

Demand for expedited management

logistics Vertical-Market Applications

RFID tags for
facilitating routing,
inventorying, and loss

prevention Supply-Chain Helpers

2000 2010 2020 Time

Source: SRI Consulting Business Intelligence
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