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Thing

Ask google : where is my keys.?

Where are my kids?



History



What’s the Internet of Things

▪ History
1997, “The Internet of Things” is the seventh in the series of ITU

Internet Reports originally launched in 1997 under the title

“Challenges to the Network”.

1999, Auto-ID Center founded in MIT – Keven Ashton 2003, EPC

Global founded in MIT

2005, Four important technologies of the internet of things was

proposed in WSIS conference.

2008, First international conference of internet of things: The IOT

2008 was held at Zurich.



IoT Timeline



What’s the Internet of Things

▪ Definition

(1)The Internet of Things, also called The Internet of
Objects, refers to a wireless network between objects,
usually the network will be wireless and
self- configuring, such as household appliances.

------Wikipedia

(2) By embedding short-range mobile transceivers into a

wide array of additional gadgets and everyday items,

enabling new forms of communication between people

and things, and between things themselves.

------WSIS 2005



What’s the Internet of Things

▪ Definition

(3) The term "Internet of Things" has come to

and researchdescribe a number of technologies
disciplines that enable the Internet to reach out
into
the real world of physical objects.

------IoT 2008

(4) “Things having identities and virtual
personalities operating in smart spaces using
intelligent interfaces to connect and
communicate within social, environmental, and
user contexts”.

-------IoT in 2020



Driver of IoT connectivity



What’s the Internet of Things

From any time ,any place connectivity for

anyone, we will now have connectivity for

anything!

EX: UK Gov





IoT Perspective

Ericsson

2003 2011 2020

Humans 6,3B 7B 7,6B

Devices 500M 12,5B 50B



Perspective



Why Internet of Things

Dynamic control of industry and daily life

Resource efficiency –energy conservation

Improve the resource utilization ratio

Better relationship between human and nature

Pollutiion and disaster avoidance.

Forming an intellectual entity by integrating
human society and physical systems



Why Internet of Things (ii)

Universal transport & internetworking

Accessibility & Usability?

Acts as technologies integrator



Businesses perspective of IoT

The driver of all this connectivity is essentially

the desire to “add value” to products or 

services

e.g: $100 handset turns to $600 smartdevice –

connected to internet

Cisco study

Businesses Additional profit Potential of using internet

613B 50%

14,4 trilions net profit for the coming two decades



The IoT value chain



The application of IoT(1)

Network

Biosensor taken by people

Equipment in public placeHouse

Regional Office

Virtual EnvironmentTransportation Vehicle

Vertical Market Solutions



The application of IoT(1)



The application of IoT(5)

Scenario: Intelligent Home



The application of IoT(2)

Scenario: shopping

(2) When shopping in the market, the

goods will introduce themselves.

(1) When entering the doors, scanners

will identify the tags on her clothing.

(4) When paying for the goods, the

microchip of the credit card will

communicate with checkout reader.

(3) When moving the goods, the reader

will tell the staff to put a new one.



The application of IoT(4)
Scenario: Health Care

illustration below from Sierra Wireless describes how a health

care provider could theoretically use real time data collected

from hospitals, wearable devices, home health monitoring

devices, and elsewhere to provide better service

illustration of a solution

allowing for remote monitoring

of bedside diagnostics, which

is just one application for the

Internet of Things within the

health care environment



The application of IoT(6)

Scenario: Transportation

+200 variables on each truck

5% market penetration



State of the Art of IoT

RFID Sensor Smart Tech Nano Tech

To identify

and track

the data of

things

To collect

and process

the data to

detect the

changes in

the physical

status of

things

To enhance

the power of

the network by

devolving

processing

capabilities to

different part

of the network.

To make the

smaller and

smaller

things have

the ability to

connect and

interact.

Enabling Technologies



Sensor technology

Sensors are the magic of IoT

▪The ability to detect changes in the physical

status of things is

essential for recording changes in the

environment.

▪Wireless sensor technology play a pivotal role in

bridging the gap between the physical and virtual

worlds, and enabling things to respond to changes

in their physical environment. Sensors collect data

from their environment, generating information

and raising awareness about context.

▪Sensor Market includes : Micro-

electromechanical systems (MEMS) - based

sensors, optical sensors, ambient light sensors,

gesture sensors, proximity sensors, touch

sensors, fingerprint sensors and more



State of the Art of IoT

1

MIT Auto-ID Lab &

EPC Global.

Stanford University

Georgia Institute of

Technology

Cambridge Univ

3

Nokia SAP

IBM

GOOGLE

AMBIENT

Metro Group

Siemens

Sun

Cisco GE

EPFL & ETH Zurich

Information and

Communication

Systems Research

Group

Chemnitz University

of Technology

VSR Group

Research groups
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State of the Art of IoT



Education – Partnership – Solutions  

Information Security
Office of Budget and Finance



The IoT Hype (2015)



Hype vs. Fact

2011: NFC Payment, Internet TV

2012: BYOD, 3D Printing

2013: Wearable UI, Gamification, Consumer 3D printing

2014: NLP, IoT



The IoT Concept



Example 1

Cupcake Conveyor —

Yes, an actual cupcake 

ATM that Davis called a 

“confectionery 3D printer.” 

There are Sprinkles’ 

cupcakes ATMs in several 

cities in the United States, 

including Beverly Hills, 

Chicago, New York and 

Atlanta.

http://www.sprinkles.com/cupcake-atm



Example 2

Smart Loos —

Found in Heathrow’s 

Terminal 2, these smart 

loos have embedded 

sensors that track people’s 

movement and bathroom 

flow, and can alert 

maintenance crews if 

there’s a problem

London’s Heathrow Airport 



Let’s think of the similarities



Driving Forces of IoT

1. Sensor Technology – Tiny, Cheap, Variety

2. Cheap Miniature Computers

3. Low Power Connectivity

4. Capable Mobile Devices

5. Power of the Cloud



1. Sensor Technology

Accelerometer
(4mm diameter)

Pulse Sensor
$25

Force Sensor
(0.1N – 10N)

https://www.sparkfun.com/

https://www.adafruit.com/

https://www.sparkfun.com/
https://www.adafruit.com/
https://www.adafruit.com/


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
I2C: 1

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

Guess the Price?

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

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

Quad Core 1.5 GHz
128 GB Internal Memory
3 GB RAM
16 MP Camera
2160p@30fps video
WiFI, GPS, BLE 

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

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


ABCD’s of IoT

Applications Big Data Analytics

Connectivity and Communication Devices – that are smart!

Photos – Libelium, Google Image Search



Applications

Ubiquitous Computing Applications

Cyber Physical Systems (CPS) Applications

Smart and Connected Health



Big Data Analytics

Map-Reduce

Frequent Item-sets

Similarity

Clustering

Dimension Reduction

Streaming Data



Connectivity

M2M

Wireless Sensor Networks

IPv6 and 6LowPAN

Bluetooth LE and ZigBee

WiFi and LTE



Devices and Platforms

Mobile Systems

Sensor Systems

Wearables

Energy Harvesting

Security and Privacy



IoT in the Research 

Community

Mobile Systems (MobiSys, MobiCom)

Sensor Systems (SenSys, IPSN)

Real-Time Systems (RTSS, RTAS)

Human-Computer Interaction (CHI)

Applications (UbiComp, PerCom)

ML/Data Mining (ICML, KDD)

… and more



Internal Use

July 2014 News

IEEE Spectrum used 12 different

metrics to compare programming

language popularity and use.

Data sources include Google

CareerBuilder, and Github.

The Right Language for
the Task

4

8



What is the Internet of

Things?

Edge

Nodes

Exploratory

Analysis

Data Aggregator
Deploy analytics

to aggregator

Deploy algorithms to

nodes/devices

Internal

Use
4

9



Key Industries

▪ Aerospace and

Defense

▪ Automotive

▪ Biotech and

Pharmaceutical

▪ Communications

▪ Education

▪ Electronics and

Semiconductors

▪ Energy Production

▪ Financial Services

▪ Industrial Automation

and Machinery

5

0



Markets Driving IoT

5

1

▪ Smart Cities

▪ Connected Cars

▪ Smart Meters

▪ Retail

▪ Wearables

– Healthcare

– Personal

technology

▪ Industrial IoT

– M2M

▪ Smart

Agriculture



1

5

Market Situation

▪ IoT growing at 30% CAGR today

– Multiple independent sources

▪ McKinsey Study 2015

– IoT will be an 11.1 Trillion Dollar Market by 2025

– On average,40 percent of the total value that can be

unlocked requires different IoT systems to work together.

– Most IoT data collected today are not used, and the data that

are used are not fully exploited

▪ Nucleus Research 2016
– Advanced analytics customers experience 2.2 times more

ROI than traditional BI customers

– Customers should be able to at least pilot an IoT solution

within 9 months for a respectable payback period.

➢ Analytics is key to getting value of IoT system

➢ Prototyping is hard



Challenges of IoT

5

3

▪ Complex systems

– Hard to get started

▪ No single vendor solutions

▪ Multiple expertise required to

build a system

– Firmware

– Communications

– Web/ IT

– Data Science

▪ Lack of consolidation on

Industry Standards



IoT Challenges

• Embedded development is

challenging

• Increasing algorithmic

complexity

•

Need connectivity to cloud

resources
• Streaming data management

and storage

• Availability of complex analysis

as services

• Ability to turn results into

actions

• Advanced analysis

algorithms

• Tools for deployment and

connectivity



What is ThingSpeak?

▪ Free online data aggregation

platform
– Typically used to collect data

from sensors

(“Things”)

– Provides instant visualization of

the data

– Popular for people

experimenting in IoT

– Has more than 50,000 users

▪ Can be used to analyze data
– New MATLAB integration allows

users to run scheduled MATLAB

code on data coming into

ThingSpeak

▪ Can be used to act on data
– E.g. Tweet a message when the

temperature

in your backyard reaches 32 degrees

5

5



Who is ThingSpeak for today?

▪ Makers

▪ EDU

▪ Engineers

prototyping

https://thingspea

k.com/

5

6

https://thingspeak.com/


Objectives

▪Measure, explore, discover

weather patterns

▪Provide niche weather service

Solution

▪Arduino station with weather

sensors

▪Cloud-based aggregation and

analysis

▪Full example available at

makerzone.mathworks.com

Example 1: Monitoring
Weather

5

7

http://makerzone.mathworks.com/


Objectives

▪Measure, explore, discover traffic

patterns

▪Provide live local traffic

information service

Solution

▪RaspberryPi + webcam

▪Automated deployment of

vision

algorithms on embedded

sensor

▪Full example available at

makerzone.mathworks.com

Example 2: Monitoring Traffic

5

8

http://makerzone.mathworks.com/


2
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Internal

Use

IoT Solutions Examples

Edge Nodes
Exploratory Analysis

•Historical analytics

•Algorithm development

Data

Aggregator



2
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Customer Study: BuildingIQ

Predictive Energy

Optimization
Opportunity

•Real-time, cloud-based system for

commercial building

owners to reduce energy consumption of

HVAC operation

Analytics Use

•Data: 3 to 12 months of data from power

meters, thermometers, and pressure

sensors, as well as weather and energy cost,

comprising billions of data points

•Machine learning: SVM regression,

Gaussian mixture models, k-means

clustering

•Optimization: multi-objective, constrained

Benefit

•Typical energy consumption reduced 15-



2

6

Customer Study: iSonea

Cloud and Embedded

Analytics
Opportunity

•Develop an acoustic respiratory

monitoring system

for wheeze detection and asthma

management

Analytics in cloud and embedded

•Captures 30 seconds of windpipe

sound and processes the data locally to

clean up and reduce ambient noise

•Invokes spectral processing and

pattern-detection analytics for wheeze

detection on iSonea server in the cloud

•Provides feedback to the patient on

their smartphone

Benefit
• Eliminates error-prone self-reporting

and visits to the doctor



Example

DEMO: pick and

place robot

2

9
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Internal

Use

Different modeling

approaches
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Simulink
Run on target hardware

▪ With a click, your

model runs on target

hardware

▪ Supported target

hardware:

new – R2013a:

Raspberry Pi®

new – R2013a: Gumstix®

Overo®

–R2012b: PandaBoard

–R2012a: Arduino®,

LEGO® MINDSTORMS®

NXT and

BeagleBoard

Run Simulink models on low-

cost target hardware

Raspberry

Pi ®

ne

w

PandaBo

ard

Arduin

o®

LEGO®

MINDSTORMS® NXT

BeagleBo

ard

Gumstix®

Overo®

new

6

4



Machine Learning is

Everywhere

▪ Image

Recognition

▪ Speech

Recognition

▪ Stock

Prediction

▪ Medical

Diagnosis

▪ Data Analytics

▪ Robotics

▪ and more…

[TBD]

6

5
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Sensor devices are becoming widely available

- Programmable devices
- Off-the-shelf gadgets/tools
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More “Things” are being connected

Home/daily-life devices

Business and 

Public infrastructure

Health-care

…
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People Connecting to Things

Motion sensor

Motion sensor

Motion sensor

ECG sensor

Internet



70

Things Connecting to Things

- Complex and heterogeneous 

resources and networks 
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Wireless Sensor Networks 

(WSN)

Sink
node

Gateway

Core network
e.g. InternetGateway

End-user

Computer services

- The networks typically run Low Power Devices

- Consist of one or more sensors, could be different type of sensors (or actuators)
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How are the networks changing?

Extensions

More nodes, more connections, IPv6, 6LowPan,...

Any TIME, Any PLACE + Any THING

M2M, IoT

Billions of interconnected devices,

Everybody connected.

Expansions

Broadband

Enhancements

Smart networks

Data-centric and content-oriented networking 

Context-aware (autonomous) systems



73
7373

Future Networks



74
74

“Thing” connected to the internet

Image Courtesy: : CISCO



Internet of Things (IoT)

Extending the current Internet and providing connection, 

communication, and inter-networking between devices 

and physical objects, or "Things," is a growing trend that 

is often referred to as the Internet of Things. 

“The technologies and solutions that enable integration of 

real world data and services into the current information 

networking technologies are often described under the 

umbrella term of the Internet of Things (IoT)”

75



Why should I learn about IoT? 

Business trend

Emerging technologies

Growing IoT Services and Application

76



Opportunities

77
Source: http://blog.trentonsystems.com/internet-of-things-crosses-business-personal-boundaries/



Technology trend

78



Market growth

“According to a study conducted by Frost & Sullivan in 2011, the global RFID 

market of $3 billion to $4 billion (in 2009) will grow by twelve percent per 

year through 2016 and reach a volume of approximately $6.5 billion to 

almost $9 billion.”

80 percent of all households in the European Union are expected to have 

intelligent power meters by 2020. 

A building’s energy management can then be monitored and administered 

remotely via a smartphone or a PC. Market experts predict that this global 

market, which represented $5.3 billion in 2010. 

In February 2012 the Chinese government therefore decided to set up a fund of 

approximately $775 million to support this field in the next five years. It will 

grow to $11 billion by 2015.

This sector is expected to grow to $116 billion by 2015, according to a report 
published by the Xinhua News Agency in late 2010.

79
Source: Siemens, http://www.siemens.com/innovation/apps/pof_microsite/_pof-fall-2012/_html_en/facts-and-forecasts-growth-market-of-the-future.html



Smart product sales

80
Source: Siemens, http://www.siemens.com/innovation/apps/pof_microsite/_pof-fall-2012/_html_en/facts-and-forecasts-growth-market-of-the-future.html



Internet Connected devices

81
Source: Siemens, http://www.siemens.com/innovation/apps/pof_microsite/_pof-fall-2012/_html_en/facts-and-forecasts-growth-market-of-the-future.html



Global Data Generation

82

- Everyday around 20 quintillion (10^18) bytes of data are 

produced (Source: http://www-

01.ibm.com/software/data/bigdata/). 

- This data includes textual content (unstructured, semi-

structured, structured) to multimedia content (images, 

video and audio), on a variety of platforms (enterprise, 

social media, and sensors). 

http://www-01.ibm.com/software/data/bigdata/
http://www-01.ibm.com/software/data/bigdata/


Data Generation

83



The challenge of IoT

Total challenge of IOT

1.Technological Standardization in most areas are still

remain fragmented.

2.managing and fostering rapid innovation is a challenge

for governments

3.privacy and security 4.Absence of governance

5.Vulnerability to internet attack



The challenge of IoT

How to convincing users that the IoT technology will
protect their data and privacy when tracking

Potential Solutions

Legal &
Regulatory

Technical
Control

Social Ethic
Market

Self-regulation



The challenge of IoT

Solution of the main challenge: Education and Information

Central aspects for the success of the upcomming IoT

▪ Capacity building programs

▪ Breadth and depth engines

▪ Strategic communication Plan

▪ Opportunities Vs Threats of the IoT



The challenge of IoT

Solution of the main challenge: Legislation

Two approaches :

▪ The real law

▪ The Cyberlaw

Lack of legal instruments
1. Privacy

2. Intellectual property rights

3. Security

4. Data Protection

5. Cybercrime



The challenge of IoT

Limitation of IoT

The application of IoT in extreme situations are still not tested

(outer space, very hot or cold area)

Standardization and Interoperability

Legal instruments

Technical limitation in some cases



Future of IOT

Traffic Issue

Production

Daily Life

Logistics

Retailing

Resource
& Power
Control



Future of IOT

There are three core sectors of the IoT :

• enterprise,

• home, and

• government,

with the Enterprise Internet of Things (EIoT) being the
largest of the three. By 2019, the EIoT sector is

for nearly 40% or 9.1 billionestimated to account

devices



Future of IOT

Size considerations

The Internet of objects would encode 50 to 100 trillion objects, and be able to follow

the movement of those objects. Human beings in surveyed urban environments are

each surrounded by 1000 to 5000 trackable objects

Space considerations

Internet of Things, things are able to take actions on their own initiative, this human-

centric mediation role is eliminated, and the time-space context that we as humans

take for granted must be given a central role in this information ecosystem. Just as

standards play a key role in the Internet and the Web, geospatial standards will play a

key role in the Internet of Things

Criticism and controversies

While many technologists tout the Internet of Things as a step towards a better world,

scholars and social observers have doubts about the promises of the ubiquitous 

computing revolution

Privacy, autonomy and control

http://en.wikipedia.org/wiki/Ubiquitous_computing
http://en.wikipedia.org/wiki/Ubiquitous_computing


Future of the IoT

Peter-Paul Verbeek, a professor of philosophy of technology, Netherlands,

writes that technology already influences our moral decision making, which in

turns affects human agency, privacy and autonomy. He cautions against viewing

technology merely as a human tool and advocates instead to consider it as an

active agent.

Justin Brookman, of the Center for Democracy and Technology, expressed

concern regarding the impact of IoT on consumer privacy, saying that "There are

some people in the commercial space who say, ‘Oh, big data — well, let’s collect 

everything, keep it around forever, we’ll pay for somebody to think about security 

later.’ The question is whether we want to have some sort of policy framework in 

place to limit that

Editorials at WIRED have also expressed concern, one stating 'What you’re 

about to lose is your privacy. Actually, it’s worse than that. You aren’t just going to 

lose your privacy, you’re going to have to watch the very concept of privacy be 

rewritten under your nose

http://en.wikipedia.org/wiki/Center_for_Democracy_and_Technology
http://en.wikipedia.org/wiki/WIRED


With IoT, you dont need to go

online because your

environment is already there

serving you….

So if we dont need to be

online than IoT will eliminate

the Internet online



Internet of Things Module

94
Image courtesy: Wilgengebroed
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