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Smart Living

Smart Building & Home

Smart Transportation

Smart Energy (Renewable generation & storage)
Smart Water Management

Smart Waste Management (Recycling of waste)
Smart Education (e-Education)

Open Data
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Urban Mobility

Smart Governance (e-governance)

Smart Medical Facility (e-Medical)

Smart Communications

Smart Networks

Environmental Awareness (1.e. changing weather conditions)
Smart Disaster Management.

Metrics and performance indicators
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Rank

O] 10 0] (O] (O] -

Name

Elon
Musk

Jeff
Bezos

Bernard
Arnault

Bill
Gates

Mark
Zuckerberg

Larr
Pag%e

Sergey
Brin

Steve
Ballmer

Larry
Ellison

Warren
Buffett

VISUAL CAPITALIST C

The S100- Bllllon Club

10 Richest People on the Planet*®

Total NetWorth

$198B

$194B

$157B

$149B

$132B

$124B

$119B

$105B

$100B

$100B

Country

1 T I e

Industry

Technology

Technology

Consumer

Technology

Technology

Technology

Technology

Technology

Technology

Diversified

Source of Wealth

SPACEX
TESLA

amazon

LVMH

oS Y

B® Microsoft

FACEBOOK
Google
Google
B® Microsoft

ORACLE

BERKSHIRE
HAtnaway e

(aaus)

ionaires Inclex @
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Industry 1.0
ﬁ'] [lll
; l
: |
I‘%

:E
i
|

Key Change:

* Introduction of
Mechanical
Production

* Equipment driven by
Water and Stream
Power

oV

Manufactu

=

Key Change:

* Introduction of mass
Manufacturing

* Production lines
powered by Electric

Industry 3.0
i O)

4
Il

Key Change:

* Introduction of
Electronics, PLC
Devices, Robots
and IT to automate
Production

Energy

-

ring Revolution
2 ¢

Industry 4.0

Key Change:

* Introduction of Cyber-
Physical Systems and
loT driven by
Augmented Reality &
Real Time Intelligence

End of 18" Century

End of 19t Century

Y Y
>
Q4 of 20t" Century Start of 21" Century
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Cyber Physical Systems (CPS)

A cyber-physical system (CPS) is a system of collaborating computational elements controlling physical
entities.
It is a computer system in which a mechanism is controlled or monitored by computer-based algorithms.

Computing



https://en.wikipedia.org/wiki/Computer_system
https://en.wikipedia.org/wiki/Mechanism_(engineering)
https://en.wikipedia.org/wiki/Algorithm

Augmented Reality

A technology that superimposes a computer-generated image on a user’s view of the real world,
thus providing a composite view.




Real Time Intelligence

It is a concept describing the process of information about operations as they occur. Real time means
near to zero latency and access to information whenever it is required.

REAL-TIME ANALYTICS




Example: AUGMENTED MAINTENANCE

In October 2013, Volkswagen developedan
application for tablets and smartphones
named MARTA (Mobile Augmented Reality
Technical Assistance).

Thanks to data collected by onboard

electronics, the applicationallows:

» Instant identification of a problem via a
mixture of real images and virtual
information

* Help repair withtechnical explanations
and video simulations for each step

27



Example: Medical loT: 3D Imaging Technology

Evykona, a UK-based medical imaging company, developed a
Wound Measurement System

The system uses cameras and 3D imaging to photograph,
measure and map wound progression over time.

By observing changes in volume and tissue structure,
clinicians can evaluate wounds and the effectiveness of
treatment.

28


https://www.digi.com/customersuccesses/digi-module-enables-3d-imaging-wound-assessment

loT & Insustry 4.0

Over the Internet of Things, Cyber-physical systems communicate & cooperate with each other & humans in real

time.

* Did not exist in 2006: iPhone — iPad- 4G — Android — Instagram - WhatsApp

010101
11001
001

People Process Data Things

Connecting people Delivering the right Leveraging data Physical devices
in more relevant information to the into more useful and objects

and right person (or information for connected to the

valuable ways machine) at the decision making Internet and each
right time other for intelligent

decision making
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INTERNET OF THINGS: PERSPECTIVE

* Nights and Daytime

* Qutdoors
* Indoors
* Onthe Move

* Human to Human (H2H)
* Human to Thing (H2T)
* Thing to Thing (T2T)




loT Ecosystem

=
@ o Sense data

(real time),

é l w@E & trigger event

Customer/ Use device/ Smart device/

Worker take action (or Sensor
closed loop)

o Monetize data by: A
» Delivering services, >
notifications, and modified Connectivity
and device

products/offers
» Building customer relationships

+ Improving business operations
o Collect and
process data

Social Integration
Cloud or Fog
-

H # 7

Decision-
Data Storage Data Analysis Response

management

=

Service
provider

Provide data,
generate e
response




1. Sensor Technology

Physical

Pressure/Weight
Bend

Vibration

Impact

Hall Effect

Tilt

Temperature (+/-)

Gases

Carbon Monoxide —

co
Carbon Dioxide — CO 2
Oxygen—0 2

Methane—-CH 4
Hydrogen —H 2
Ammonia—NH 3

-'."'

Location

Antenna connector: UFL
External Antenna: 26dBi

Positional accuracy error:

<2.5m

Speed accuracy: < 0.01m/s

Agriculture

Solar Radiation - PAR
Ultraviolet Radiation -
uv

Trunk Diameter

Stem Diameter

Fruit Diameter
Anemometer

34



2. Cheap Mini Computers

Lily Tiny

Key Parameters

Flash: 8 Kbytes

Pin Count: 8

Max. Operating Freq: 20 MHz
CPU: 8-bit AVR

Max I/O Pins: 6

Ext Interrupts: 6

SPI: 1

12C: 1

http://www.atmel.com/devices/ATTINY

85.aspx?tab=parameters

35


http://www.atmel.com/devices/ATTINY85.aspx?tab=parameters

3. Low Power Connectivity

Bluetooth Smart (4.0)
(Up to 2 years with a single
Coin-cell battery)

36


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOalvMzHsccCFcLOgAodZ5wKDw&url=http://projetual.com.br/o-marketing-aliado-a-geolocalizacao/&ei=95TSVabOJMKdgwTnuKp4&bvm=bv.99804247,d.eXY&psig=AFQjCNFlmceIiJrPt-_KGgyeTET2kJbeMg&ust=1439950450651435
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLij85_IsccCFYLggAod24kLrw&url=http://www.seeedstudio.com/depot/Bluetooth-V40-HM11-BLE-Module-p-1803.html&ei=kZXSVYqREouqggTq1bOABg&bvm=bv.99804247,d.eXY&psig=AFQjCNH3hCPAhjt3efwueE6VTtbh3ei41Q&ust=1439950609571488
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCM3IhY3JsccCFcyhgAodtFMDKw&url=https://evothings.com/quick-guide-to-writing-mobile-ibeacon-applications-in-javascript/&ei=i5bSVY3XG8zDggS0p43YAg&bvm=bv.99804247,d.eXY&psig=AFQjCNEGSvTdqTyH-5KJ8IZZhZdsge-dSA&ust=1439950852970208

4. Capable Mobile Devices

NFC signal booster
AS3923

NXP
NFC controller

& Elpida (top wire bonded)

4 4Gb SRAM memory
. F440AAC
% Main processor Quad Core 1.5 GHz
“1(flip chip bottom)
s 128 GB Internal Memory
: 3 GB RAM
16 MP Camera
P L . 2160p@30fps video
B, i Bl = WiFI, GPS, BLE
1 A

AD7149 Wireless charger
P9022



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPr7tMbJsccCFYGJDQodTQQHCw&url=http://www.imedicalapps.com/2014/09/apple-watch-diabetes-care/&ei=A5fSVbruLoGTNs2InFg&bvm=bv.99804247,d.eXY&psig=AFQjCNGUfhPilvxSs9yHDvpgTtI_CAyKBQ&ust=1439950976849699
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIzXtc7JsccCFYjzgAodQqENxQ&url=http://www.samsung.com/dk/galaxys6edge-and-galaxys6/&ei=15bSVcKIDoOXgwSY_YmgBA&bvm=bv.99804247,d.eXY&psig=AFQjCNFprsL49f1-4lFZwcxTSiKsjN-W3Q&ust=1439950935545821

5. Power of the Cloud

') Google Cloud Platform

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

ebservices™

eeeeeeee
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https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOLS747LsccCFcTNgAodd4cC5g&url=http://googlecloudplatform.blogspot.com/2013/12/an-ode-to-sharkon.html&ei=qJjSVeLeCcSbgwT3joqwDg&bvm=bv.99804247,d.eXY&psig=AFQjCNEIwSxZFGRKvx77yuf8z9hH1vwnXA&ust=1439951381583476

loTS (loT Services) formula

299 ol 31 J S (5 s 1 Jlko

O’Reilly Enterprise loT 39



loTS (loT Services) formula

30 Ol adis gl eVl e solazw] 66X 5l 6yl0 (oS b aedlgin aulio»
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APPLICATIONS OF IOT

e Smart home

* Smart HealthCare = Smart Hospital , ePatient , eHealth , Wearable
Computers

* Smart Transportation
* Electric Energy Management
* Smart Agriculture

e Smart cities



INTERNET OF UNDERWATER THINGS

Satellite

Surface station
UDB-9000

B ...q..! P g

>

< .a:.-
oy L5 A

| s -
111 Iy -
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INTERNET OF UNDERGROUND THINGS

Mobile ,
Sink 75 {
PN |

. Terrestrial
-~y Relay
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Internet of Battlefield Things

® Video Camera

A\ Infrared Camera ( )
® Microphones “g, '1/

A—O !

"l.-
é/ X .
A

B

A)t!*

A ® , =
\._______‘&/




INTERNET OF NANOTHINGS

IEEE Wireless Communications Magazineg010.
eer) <— Over body
Nano-Things

Internet

Consumer
Electronic Devices

Nano-micro

: Nano-node interface - & “Other
{Lj Nano-router @Gateww Nano-Things"

- =~ Nano-link - Micro-link




APPLICATION OF 10T: SMART HOME

* Remote Monitorin
(Appliances)

o Safety:
When do the doors open/close?

* Energy Management: \
Turn off the lights/AC? =

* Maintenance:
Are the sinks/pipes leaking?
* Entertainment Control

IFA’2017




APPLICATION OF IOT: HEALTHCARE INDUSTRY

* Remote patient monitoring services
* Mobile health technology

 Telemedicine

* Medication Management

* Improved Clinical Care

* Employee workflow management and

* Inpatient monitoring

47



APPLICATION OF I0T: TRANSPORTATION

« Save lives and property

* Reduce emissions and

« Cut commuting time and effort

SAFETY EFFICIENCY SUSTAINABILITY

1.3 million dgad 2013 EU annual congestion Road transport 20% of -
2.4 million to'die 2030 cost 130 billion euro. EU total CO, emission

T P——
H * H g
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. -
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.
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L
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.

60 60) |

ROADSIDE INSTALLATIONS
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APPLICATION OF I0T: TRANSPORTATION

[* - -Systems- - -

(Multiple)

3G, 4G/ LTE
External

WiFi

Internal
WiFi

—_—

Bluetootk

e

LJ:1-]a}
sEEE
=== | Tethered \
l"“"

—. ) connection




Connected Tran

Connected
Aviation

Connected
Maritime

Connected
Roadway

Connected
Rail

Connected
Vehicle

Connected
Freight &
Logistics

N
o~
LN
oy
B

Connected \ 1

Mass
Transit
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Benefits of Smart Cities

* 25% for travel time

» 20% for water consumption

* 30% for crime rates

* 80% for energy consumption for street lighting

* 40% for waste collection costs

* 50% for energy consumption with smart building

54



Energy Management

Eneirgy Monitoring: 10T sensors can be used to monitor energy consumption in
real time..

HVAC Optimization: 10T sensors and analytics can be used to optimize heatin%,
ventilation, and air conditioning (HVAC) systems in supermarkets. This allows for
better temperature control and reduces energy waste.

ih?efri%eration Management: 10T sensors can be used to monitor temperature and
umidity .

Smart Lighting: |1oT-enabled lighting systems can automatically adjust Iighting
levels based on occupancy, time of day, and natural light levels. This helps reduce
energy consumption and costs while improving the customer experience.

55



Efficient Water and Energy Use

* Smart water and energy management systems, crucial in smart cities,
use loT sensors to monitor consumption and detect leaks, optimizing
the use of vital resources and reducing waste. Cities can thus better
manage their natural resources, moving towards sustainability and
self-sufficiency.

* These examples illustrate just a fraction of how 0T is redefining urban
infrastructure, creating a more efficient, sustainable, and livable
environment.



Efficient Water Management

* |oT devices equipped with sensors can monitor water flow and detect
leaks.

* By leveraging real-time data and advanced analytics, municipalities
can identify inefficiencies, automate water flow adjustments, and
prevent wastage.

* loT-driven smart water management systems promote sustainability,
enhance water conservation efforts, and contribute to preserving this
precious resource.



Smart Electricity Management

* loT-based electricity management systems offer real-time monitoring
and control of energy consumption in public buildings, streetlights,
and other municipal infrastructure.

* Energy meters enable accurate measurement and tracking of
electricity usage, facilitating the identification of energy-intensive
areas and enabling targeted conservation measures.

* By leveraging loT, municipalities can optimize electricity consumption,
reduce costs, and promote using renewable energy sources.



Smart Street Lighting

* The implementation of smart street lighting adjusts light intensity
according to actual street needs, reducing energy consumption and
enhancing public safety.

* These systems can be adjusted based on movement or specific
events, ensuring lighting where and when needed while minimizing
public spending.



Environmental Monitoring

* |oT enables comprehensive environmental monitoring, aiding
municipalities in tracking air quality, for example.

* By deploying networks of interconnected sensors, authorities can
gather accurate data and take proactive measures to mitigate
environmental hazards.

* This data-driven approach empowers municipalities to create
healthier, more sustainable living environments for their residents.



Remote Monitoring

* Timely maintenance notification

* Cost reduction by fixing small issues quickly

* Optimizing resource usage

* |dentifying utility outages or system inefficiencies

* Tracking appliance consumption

* Monitoring environmental conditions, like air and water quality
* Tracking pollution and hazard levels for timely interventions



Smart Traffic and Transport Management

* One of the most impactful fields of loT application in smart cities is
traffic management.

* Smart sensors and cameras analyze real-time vehicle flows,
optimizing traffic lights and routes to reduce congestion and improve
air quality.

e Connected public transportation systems not only enhance service
efficiency but also improve user experience by providing updated
information on schedules and real-time occupancy.



Smart Traffic Management

* Vehicle counts
* VVehicle speeds
e Road conditions

63



Smart Parking

* Congestion

* Driver frustration (52,52 ) and stress
* Vehicle emission

64



Public Safety

* Detect suspicious activity
* Monitor traffic patterns
* Address road hazards

65



Optimized Waste Collection

* |oT also revolutionizes waste collection through sensors that indicate
the fill level of containers, allowing for more efficient collection route
planning.

* This approach not only reduces the cost and frequency of collections
but also contributes to a cleaner and more pleasant city environment.



Waste Management

* Preventing overflows

* Minimizing unnecessary pickups

* Optimizing vehicle usage

e Reducing fuel consumption and costs
* Lowering labor costs

* Reducing landfill overflow

67



Public Transport

* Passenger movements

* Ticket sales

* Vehicle locations

* Environmental conditions

68
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d: set distance

to: initial time

t1 :final time
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Bus Line Status LTE Antennas (external or hidden), Security Webcams
Info LCD Monitor 2G and 3G compatible

Digital Signage
Advertisment g

Touchscreen
Info LCD Monitor

» Breaking news

LCD Monitor

* Meteo

* Newspapers

= Timetable

= Real time traffic
information

USB recharging station
for mobile phones
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