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Internet of Things (loT)

The Internet of Things (loT) is the network of
physical objects—devices, vehicles, buildings and
other items embedded with electronics, software,
sensors, and network connectivity—that enables
these objects to collect and exchange data.




History

As of 2016, the vision of the Internet of things has evolved due to a
convergence of multiple technologies, including ubiquitous wireless
communication, real-time analytics, machine learning, commodity
sensors, and embedded systems.

The concept of a network of smart devices was discussed as early as
1982, with a modified Coke machine at Carnegie Mellon University
becoming the first Internet-connected appliance, able to report its
inventory and whether newly loaded drinks were cold.

Mark Weiser's seminal 1991 paper on ubiquitous computing, "The
Computer of the 21st Century"”, as well as academic venues such as
UbiComp and PerCom produced the contemporary vision of loT.



History

In 1994 Reza Raji described the concept in IEEE Spectrum as "[moving]
small packets of data to a large set of nodes, so as to integrate and
automate everything from home appliances to entire factories'.

Between 1993 and 1996 several companies proposed solutions like
Microsoft's at Work or Novell's NEST. However, only in 1999 did the field
start gathering momentum. Bill Joy envisioned Device to Device (D2D)
communication as part of his "Six Webs" framework, presented at the
World Economic Forum at Davos in 1999.

The concept of the Internet of things became popular in 1999, through the
Auto-ID Center at MIT and related market-analysis publications.
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Characteristics (1): Connectivity
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Characteristics (2): Things
-
Anything that is designed to be connected
O Complex devices that contain sensors
O Simple sensors that communicate

Compact Semiconductor-Based Design

O Sensing materials can be

Wireless Module

attached to devices, items,

humans, or animails




Characteristics (3): Data

Data is the glue of the Internet of Things, the first
step towards action and intelligence.




Characteristics (4): Communication

Devices get connected so they can communicate
data and this data can be analyzed.
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Characteristics (5): Intelligence

Two types of intelligence
O Intelligence as in the sensing capabilities in loT devices

O Intelligence gathered from data anoly’rics (also artificial
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Characteristics (6): Action

The consequence of intelligence.

This can be manual action, action based upon
debates regarding phenomena (for instance in
climate change decisions) and automation, often the
most important piece.




Characteristics (7): Ecosystem
T
The place of the Internet of Things from a
perspective of other technologies, communities,
goals and the picture in which the Internet of Things
fits.

The Internet of Everything dimension, the platform
dimension and the need for solid partnerships.
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Technological and
social aspects
related to loT

* Impacts and Acceptance of Users
Change in the societal organization
Democratization and control of the

Social .
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loT infrastructure
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Smart technology — Definition 1

Smart technology (includes physical and logical applications
in all formats) that is capable of adapting automatically
to modify its behavior to fit the environment.

The technology senses things using sensors to collect and
analyze data to perform some action.

The technology is also capable of learning, which is using its
experience to improve performance, anticipating, thinking
and reasoning about what to do next.



Smart technology — Definition 2

Technology that has sensors,
data storage, and wireless
access to collect and transmit
data about the environment

These smart devices provide
data to the user

More data collection and less
automation




Smart Home

A smart home involves the control and automation of
lighting, heating, ventilation, air conditioning,
appliances, and security.

Modern systems generally consist of switches and
sensors connected to a central hub sometimes called a
"gateway" from which the system is controlled with a
user interface.

O A wall-mounted terminal, mobile phone software, tablet
computer, or a web interface.
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History

Early home automation began with labor-saving machines. Self-contained
electric or gas powered home appliances became viable in the 19200s with
the introduction of electric power distribution and led to the introduction
of washing machines (1904), water heaters (1889), refrigerators, sewing
machines, dishwashers, and clothes dryers.

In 1975, the first general purpose home automation network technology,
X10, was developed.

By 1978, X10 products included a 16 channel command console, a lamp
module, and an appliance module. Soon after came the wall switch module
and the first X10 timer.

By 2012, in the United States, according to ABI Research, 1.5 million home
automation systems were installed.



Generations of home automation
e
First generation

O wireless technology with proxy server, e.g., Zigbee
automation

Second generation

O artificial intelligence controls electrical devices, e.g., Amazon
Echo;

Third generation

O robot buddy who interacts with humans, e.g., Robot Rovio,
Roomba.



Applications and Technologies
T

Heating, ventilation and Leak detection
air conditioning (HVAC) Indoor positioning
Lighting control system systems
Occupancy-aware Home automation for
control system the elderly and
Smart grid integration disabled

Pet Care

Security



Occupancy Sensor
-

A key aspect to smart homes Infrared sensors

Is occupancy sensors 0 Heat difference

An occupancy sensor is an detection, measuring
indoor motion detecting infrared radiation
devices used to detect the Environmental
presence of a person to Sensors
automatically control lights O Temperature,

or temperature or ventilation humidity and CO?2

systems. sensors



Heating, ventilation and air conditioning (HVAC)
N
-1 Simple and friendly
user interface to
monitor and control
home HVAC systems
over the internet

O Temperature reporting

O Humidity control



Lighting Control System

-1 A system for
controlling all of the
home’s lighting from o
single panel or user
interface

0 Voice commands

0 Motion sensors



Occupancy-Aware Control System

A system that monitors and controls the environment

based on changes

O Motion and sound

O Temperature, humidity
O Air quality

(CO, gas leaks,
mold spores, smoke)

Need for real nme occupancy estimation
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Smart Grid Integration

Appliance control and

integration with the

smart grid

O For example, using
power from the solar
panel output in the

middle of the day to
run washing machines.




Security

A household security
system integrated with a
home automation system
can provide additional
services

O Remote surveillance of

security cameras over the
Internet

o Central locking of all
perimeter doors and
windows




Leak Detection System
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Indoor positioning systems

Locate objects or people
inside a building using
radio waves, magnetic
fields, acoustic signals,
or other sensory
information collected by
mobile devices

O Precisely determine

someone’s position based
on their mobile device




Home Automation for the Elderly and Disabled

Remote Monitoring
Medication reminders
Daily medical testing

Remote medical
consultation

Security




Pet Care
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The Power Grid (1)

The grid refers to the
electric grid, a network
of transmission lines,
substations, transformers
and more that deliver
electricity from the
power plant to your
home or business.




The Power Grid (2)

Our current electric grid
was built in the 1890s

Improvements were made
with new technology

However, it is based on the
distribution model using
centralized power
generation




A New Type of Grid (1)

— o I
- To move forward, we
need a new kind of
electric grid to address
growing needs

O Fossil fuels are limited
O Much energy is wasted

O Large scale power
generation stations are
not sustainable




A New Type of Grid (2)

The smart grid allows
someone to buy (use) or
sell (contribute) electricity
to the grid

Customer use micro-
power generation

O Solar panels

o0 Windmills

0 Waterwheels




A New Type of Grid (2)
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Smart Grids (1)

A smart grid is an electrical
grid which includes a
variety of operational and
energy measures including
smart meters, smart
appliances, renewable
energy resources, and
energy efficient resources
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Smart Grids (2)
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Smart Grids (3)

Rolling out smart grid
technology requires o
fundamental re-
engineering of the
electricity services
industry

O Resource intensive (time
and finance)



Smart Grids (4)

The Smart grid represents an unprecedented
opportunity to move the energy industry into a new
era of reliability, availability, and efficiency that
will contribute to our economic and environmental
health.




Smart Grid Benefits (1)

More efficient transmission of electricity
Quuicker restoration of electricity after power outages

Reduced operations and management costs for utilities,
which will lower power costs for consumers

GENERATION TRANSMISSION DISTRIBUTION



Smart Grid Benefits (2)
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Reduced peak demand, which
will also help lower electricity
rates

Increased integration of
large-scale renewable energy
systems

Better integration of
customer-owner power
generation systems, including
renewable energy systems




Resiliency

Today, an electricity disruption such as a blackout can have a
domino effect—a series of failures that can affect banking,
communications, traffic, and security.

A smarter grid will add resiliency to our electric power system and
make it better prepared to address emergencies such as

O Severe storms

O Earthquakes

O Large solar flares
O Terrorist attacks
O Human error




Smart Grid History (1)

Smart grid technologies emerged from earlier
attempts at using electronic control, metering, and
monitoring.

In the 1980s, automatic meter reading was used for
monitoring loads from large customers, and evolved
into the Advanced Metering Infrastructure of the
1990s, whose meters could store how electricity was
used at different times of the day.



Smart Grid History (2)

Beginning in 2000, ltaly's Telegestore Project was the first to
network large numbers (27 million) of homes using smart
meters connected via low bandwidth power line
communication.

Monitoring and synchronization of wide area networks were
revolutionized in the early 1990s when the Bonneville Power
Administration expanded its smart grid research with
prototype sensors that are capable of very rapid analysis
of anomalies in electricity quality over very large
geographic areas.



Smart Grid History (3)

Other countries are rapidly integrating this technology
— China started having a comprehensive national

WAMS when the past 5-year economic plan completed
in 201 2.

The earliest deployments of smart grids include the
ltalian system Telegestore (2005), the mesh network of
Austin, Texas (since 2003), and the smart grid in
Boulder, Colorado (2008).



