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Background

* Ph.D., Yale University (computer science, 1978)

« J.D., Duquesne University (law, 1981)

« Carnegie Mellon computer science faculty (1975 - )
— Institute for Software Research

— Language Technologies Institute

* Director, Universal Library

* Director, Master's Program in eBusiness Technology
 Visiting Professor, University of Hong Kong (2001- )
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The Internet of Things
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People Connected to Things
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Things Connected to Things
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|OT + Internet of People

Friend of a Friend
(FOAF)

Physical Graph
much larger than
the Social Graph
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Smart Home

« Home automation expected to grow to US$50B by 2018
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Smart Manufacturing
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* Dynamic plant configuration, readiness
* Dynamic product configuration
* Dynamic inventory minimization

Customer

Smart Grid
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Smart City Infrastructure
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How RFID Works

Tag enters RF field Antenna
RF signal powers tag

Tag transmits ID, plus data
Reader captures data

Reader sends data to computer
Computer determines action
Computer instructs reader
Reader transmits data to tag

Tag

Computer e
RFID

Reader

SOURCE: PHILIPS
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Radio Frequency ID (RFID)
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Retail Applications
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Hitachi p-chip

0.4 mm square

128-bit storage

Range: 1 foot

Embedded antenna

Small enough to put in currency

SOURCE: HITACHI
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Euro Banknotes

« European Central Bank announced plans to implant
RFID tags in banknotes

+ Uses
— Anti-counterfeiting
— Tracking money flows
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Hitachi RFID “Powder”

* 1/64 the size of a u-chip!

HUMAN __,
HAIR

SOURCE: SCIENTIFIC AMERICAN
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Electronic Product Code (ePC)

“ + 1732050807 = ePC
8 Il 01234/ 99999 \
/ \
Company Code  Product Code Unique Serial Number

« Extension of barcode
* Every item in the world has a distinct serial number

« Capacity for 200 billion serial numbers per item (on a
96-bit tag)
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* Food expiration
* Payments

* Legal documents
* Tax stamps
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Smartphone as Sensor

SOURCE: THEODOROS MICHALAREAS
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The Internet of Food

« Smart appliances, smart pantry

Smart crockpot DropKitchen Smart Scale

Pantelligent frying pan Qu"'ky Egg Minder
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Smart Refrigerator Data Model



The Internet of Sports

Smart run:
personalized,
realtime
coaching
Smart ball: records
speed and rpm
X-Cell: Measures Speed cell: on-shoe
quickness, reaction sensor records
speed, intensity of speed, distance
play, jump height and stride rate

and heart rate
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The Internet of Health

Proteus Pill Consumption Continuous blood

. AgaMatrix .
Tracking Glucometer chemistry patch

Wireless EEG Sotera Visi-Mobile iRhythm cardiac sensor
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Intelligent Pharmaceuticals

EKG ETC. ON
SMARTPHONE

INGESTIBLE
RFID PILL

SKIN PATCH
RECEIVER

IMPLANTABLE ELECTRONICS
AT SUB-MILLIMETER SCALE
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Vehicles as Computing Platforms

Weight, power, memory not
limiting

Vehicles as sensor
platforms

— GPS, video, pollution,
radar, road conditions

Onboard data processing
(reduces server and
communication load)

Local vehicular ad hoc
cloud

food and gas
info.

regulating
entrance to the
highway

SOURCE: MARIO GERLA
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Sensors for Safe Driving

Vehicle type: Cadillac XLR

Curb weight: 3,547 Ibs
Speed: 65 mph

Vehicle type: Cadillac XLR Acceleration: - 5Sm/sec?2

Curb weight: 3,547 Ibs Coefficient of friction: .65

| Speed: 75 mph e et e 1o e =JRIN N SR
- Acceleration: + 20m/sec”2 o S e g e o :
Coefficient of friction: .65
Driver Attention: Yes.

a2 e WO R B SR A " Vehicle type: Cadillac XLR
B o R RS I B ST e G L AR L R S BT e ; Curb welght 3,547 Ibs
a Acceleratlon. - 20m/sec”2
Coefficient of friction: .65
Driver Attention: No

' -i‘
o

Vehicle type Cadillac XLR IR el
= Curb weight: 3,547 Ibs b
7 Speed: 75 mph
' Acceleration: + 10m/sec”2
* Coefficient of friction: .65
Driver Attention: Yes




The Connected Car

SOURCE: NATIONAL MUSEUM OF EMERGING SCIENCE AND INNOVATION
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Internet of Everything

« Cisco: 99.4% of things that should be connected aren’t
* Prediction: 200-800 Billion Devices in 10 years

SOURCE: HARBOR RESEARCH
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Beacons

 Transmitters that communicate with smart devices
« Connecting store offers with passers-by
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Beacons

Send out a low energy Bluetooth signal every second
Signal range varies from 2-500 meters

Signal contains a unique coded string which is usually
the device ID. Billions of beacons have unique codes

Plug in to wall or USB port of computer or battery-
operated device

(Not technically NFC because of longer range)
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loT “Empowering People in Their Daily Life”
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Tope 10 Industries Investing in Sensors

SOURCE: PRICEWATERHOUSECOOPERS
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