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: What is Ubiquitous Computing?
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: What is Ubiquitous Computing?

ubiq-ui-tous @) adj \yi-bi-kwa-tas\

: existing or being everywhere at the same time : constantly
encountered : WIDESPREAD <a ubiquitous fashion>

- ubiq-ui-tous-ly adverd
— ubiq-ui-tous-ness noun

&’ See ubiquitous defined for English-language learners »
See ubiquitous defined for kids »

Examples of UBIQUITOUS

* The company's advertisements are ubiguitous.

* <by that time cell phones had become ubiguitous, and
people had long ceased to be impressed by the sight of
one>

* Hot dogs are the ideal road trip food—inexpensive,
portable, ubiquitous. —Paul Lucas, Saveur, June/July 2008

[+]more :
www.merriam-webster.com
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: The origins of Ubicomp as a academic discipline
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/Zero Wave

« Computerless Computing
 1930-1940
« Computers are theoretical technology
« Church and Turing establish fundamental

limits on computability



http://www.wired.co.uk/news/archive/2010-08/11/p-vs-np-solved
http://www.wired.co.uk/news/archive/2010-08/11/p-vs-np-solved

First Wave

« Main Frame Computing
« 1960-1970
« Massive computers to do

simple data processing
« Few computers in the world
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Second Wave

« Desktop Computing
e 1980-1990

« Business applications drive
usage

« One computer per desk

« Computers connected in
intranets to a massive global
network

All wired
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http://www.flickr.com/photos/williamhook/486320803/in/photostream/
http://www.flickr.com/photos/williamhook/486320803/in/photostream/

: History

(0
Third Wave

« Ubiquitous Computing
« 2000 - present |
« Information creation, access, communication

drive usage
« Multiple computers per environment/person
« WANSs, LANs, PANs, ad-hoc networking, wireless
« Computers disappearing
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http://www.flickr.com/photos/williamhook/486320803/in/photostream/
http://www.flickr.com/photos/williamhook/486320803/in/photostream/

: Ubicomp is about people’s relationship to computers

First Wave

POOOO®OE
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: Ubicomp is about people’s relationship to computers

Second Wave
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: Ubicomp is about people’s relationship to computers

Third Wave
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Virtual Reality

Virtual lNorlds

Mirror L\/orlds
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Augmented Reality

Virtual Reality

ar photo, vr photo, green photo

Virtual lNorlds

Mirror L\/orlds
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http://en.wikipedia.org/wiki/File:Wikitude_World_Browser_@Salzburg_Old_Town.jpg
http://en.wikipedia.org/wiki/File:Wikitude_World_Browser_@Salzburg_Old_Town.jpg
http://www.flickr.com/photos/caseorganic/3493601806/in/photostream/
http://www.flickr.com/photos/caseorganic/3493601806/in/photostream/
http://www.flickr.com/photos/liqueur/4729801653/in/photostream/
http://www.flickr.com/photos/liqueur/4729801653/in/photostream/

Ubicomp is about people’s relationship to computers

o virtual reality
« humans enter the computers world

« ubiquitous computing
« computers enter the human’s world
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Challenges to HCl Assumptions

« What do we imagine when we think of a
computer?

« “The most profound technologies
are those that disappear.” Weiser

« 1990’s: this was not our imagined computer!
« Single User -> groups -> organizations

« Desktop -> mobile phone -> sensors

« Computing in place -> mobile computing

« Wired -> wireless -> cloud

Wednesday, November 21, 12



Synonyms

« Ubiquitous Computing

« Pervasive Computing

« Mobile Computing

« Sensor Networks

e (sort of) Human-Computer Interaction
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Variations in Ubicomp

« Embedded Systems
« Cars
 Airplanes
« Smart Control
« Specialized
« ASICs
e Real-time
« High reliability
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Variations in Ubicomp

« New devices

« Hi-tech

e Silicone-based

e gadgets
« PDASs
« Cellphones (keitai)
« mp3 players
o active displays
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Variations in Ubicomp

e New Infrastructure

« Connecting the existing physical
world to a computational scaffold

 ordinary objects re-envisioned
« adding computation to the physical
« adding people to computation

« Mechanical Turk
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UBICOMP HCI:Dix,et.al

Ubiquitous Computing

« Any computing technology that permits human
interaction away from a single workstation

 Implications for
« Technology defining the interactive experience
« Applications or uses
« Underlying theories of interaction
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UBICOMP HCI:Dix,et.al

Technology: Scales of devices

« Weiser proposed
« Inch
« Foot
« Yard

« Implications for device size as well as relationship
to people

Wednesday, November 21, 12



Technology: Scales of devices

« Inch
« smart phones

« PARCTAB
e Voice Recorders

o Individuals own many
of them and they can all communicate with each
other and environment.
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UBICOMP HCI:Dix,et.al

Technology: Scales of devices

e Foot
« Notebooks
. tablets
o digital paper

 Individual owns several but not
assumed to be always with them.
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Scales of devices

e Yard
« electronic whiteboards
« plasma displays
« smart bulletin boards

 Buildings or institutions own them
and lots of people share them.
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UBICOMP HCI:Dix,et.al

Technology: Redefining the Interaction Experience

o Implicit input
« Sensor-based input

 Extends traditional explicit input (e.g., keyboard
and mouse)

« Towards “awareness”
« Use of recognition technologies

o Introduces ambiguity because recognizers are not
perfect

« Probabilistic interaction is a new paradigm
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UBICOMP HCI:Dix,et.al

Technology: Different inputs

« Large-Screen Touch
« MS Surface

o http://www.metacafe.com/watch/618189/
microsoft surface computing the power/

o http://www.youtube.com/watch?v=CZrr7AZ9nCY
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http://www.metacafe.com/watch/618189/microsoft_surface_computing_the_power/
http://www.metacafe.com/watch/618189/microsoft_surface_computing_the_power/
http://www.metacafe.com/watch/618189/microsoft_surface_computing_the_power/
http://www.metacafe.com/watch/618189/microsoft_surface_computing_the_power/
http://www.youtube.com/watch?v=CZrr7AZ9nCY
http://www.youtube.com/watch?v=CZrr7AZ9nCY

Overview Images

AAERAEES E8EN (R R RN

A ]

Top of the LSB

SEasEwES o

GPS Connector

Atmel ATmega128L
Microprocessor

Gyroscope

2x Li-lon Battery
Connectors

USB Port

Camera Connector

Charger Power Plug

(TR ET NN IS

< 18
Tl R

T
f
Ml e d
. @

e

Bottom of the LSB

Proximity range sensor:
Infrared (IR) receiver

IR emitter (below
receiver to right)

Touch sensitivity:
Screen bezel

On sides & back of
device

Tilt sensor:

Inside device, in plane
of the display

2-axis linear
accelerometer

EgeEs SgEEaa8

Magnetometers

Magnetometer ASIC

Real-time
Clock

Gyroscopes

Advanced
Connectors

Power Button

Wednesday, November 21, 12



GENERAL

BODY

DISPLAY

SOUND

MEMORY

DATA

CAMERA

2G Network

3G Network

4G Network

SIM
Announced
Status

Dimensions

Weight
Type

Size
Multitouch
Protection
Alert types

Loudspeaker

3.5mm jack
Card slot
Internal
GPRS
EDGE
Speed

WLAN
Bluetooth
USB
Primary

Features

Video

Secondary

GSM 850/900/1800/1900 - GSM A1428
CDMA 800/1900/2100 - CDMA A1429
HSDPA 850 /900 /1900 /2100 - GSM A1428
CDMA2000 1xEV-DO - CDMA A1429

LTE 700 MHz Class 17 /1700 /2100 - GSM A1428 or
LTE 850/1800/2100 - GSM A1429

LTE 700/850/1800/1900/2100 - CDMA A1429
Nano-SIM
2012, September
Available. Released 2012, September
123.8x586x7.6 mm (4.87 x2.31x0.30in)

k1 129 (3.95 02)
LED-backlit IPS TFT, capacitive touchscreen, 16M colo
640 x 1136 pixels, 4.0 inches (=326 ppi pixel density)
Yes
Corning Gorilla Glass, oleophobic coating
Vibration, proprietary ringtones
Yes
Yes
No
16/32/64 GB storage, 1 GB RAM
Yes
Yes
DC-HSDPA, 42 Mbps; HSDPA, 21 Mbps; HSUPA, 5.
Mbps, LTE, 100 Mbps; Rev. A, up to 3.1 Mbps
Wi-Fi 802.11 a/b/g/n, dual-band, Wi-Fi hotspot
Yes, v4.0 with A2DP
Yes, v2.0
8 MP, 3264x2448 pixels, autofocus, LED flash, check
quality

Simultaneous HD video and image recording, touch
focus, geo-tagging, face detection, panorama, HDR

Yes, 1080p@30fps, LED video light, video stabilization,
geo-tagging, check quality

Yes, 1.2 MP, 720p@30fps, face detection, FaceTime
over Wi-Fi or Cellular

FEATURES

MISC

TESTS

0Ss
Chipset
CPU

GPU
Sensors
Messaging

Browser
Radio
GPS
Java
Colors

Stand-by
Talk time
Music play
SARUS
SAREU
Price group

Display

Loudspeaker
Audio quality

Camera
Battery life

i0OS 6

Apple A6

Dual-core 1.2 GHz

PowerVR SGX 543MP3 (triple-core graphics)
Accelerometer, gyro, proximity, compass

iMessage, SMS (threaded view), MMS, Email, Push
Email

HTML (Safari)

No

Yes, with A-GPS support and GLONASS
No

Black/Slate, White/Silver

- Active noise cancellation with dedicated mic
- Siri natural language commands and dictation
- iCloud cloud service

- Twitter and Facebook integration

- TV-out

- Maps

- iBooks PDF reader

- Audio/video player/editor

- Organizer

- Document viewer

- Image viewer/editor

- Voice memo/dial/command

- Predictive text input

Standard battery, Li-Po 1440 mAh (5.45 Wh)
Upto 225 h (2G)/Up to 225 h (3G)
Upto8h (2G)/Upto 8 h (3G)
Uptod40h
1.18 W/kg (head) 1.18 W/kg (body)
0.95 Wikg (head) 0.90 W/kg (body)
W Y O O O O Y YD
Contrast ratio: 1320:1 (nominal) / 3.997:1 (sunlight)
Voice 66dB / Noise 66dB / Ring 67dB
Noise -91.3dB / Crosstalk -76.5dB
Photo / Video
Endurance rating 51h
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http://www.gsmarena.com/apple_iphone_5-4910.php
http://www.gsmarena.com/apple_iphone_5-4910.php
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http://www.gsmarena.com/apple_iphone_5-4910.php
http://www.gsmarena.com/apple_iphone_5-4910.php

Screen

4.7" diagonal

1280 x 768 pixel resolution (320 ppi)
WXGA IPS

Corning® Gorilla® Glass 2

Dimensions

e 1339x68.7x9.T mm
e 139g
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http://www.gsmarena.com/apple_iphone_5-4910.php
http://www.gsmarena.com/apple_iphone_5-4910.php

Cameras

e 8 MP (main)
e 1.3 MP (front)
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http://www.gsmarena.com/apple_iphone_5-4910.php
http://www.gsmarena.com/apple_iphone_5-4910.php

Connectivity

o WIiFi 802.11 a/b/g/n

e Bluetooth

e NFC (Android Beam)

¢ Unlocked GSM/UMTS/HSPA+4

 GSM/EDGE/GPRS (850, 900, 1800,
1900 MHz)

e 3G (850, 900, 1700, 1900, 2100 MHz)
e HSPA+ 42
e Wireless charging

¢ SlimPort HDMI
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http://www.gsmarena.com/apple_iphone_5-4910.php
http://www.gsmarena.com/apple_iphone_5-4910.php

Processor and memory

e 8GB or 16GB (actual formatted
capacity will be less)

e 2GBRAM

e Qualcomm Snapdragon™ S4 Pro
CPU
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http://www.gsmarena.com/apple_iphone_5-4910.php
http://www.gsmarena.com/apple_iphone_5-4910.php

Features

e Android 4.2 (Jelly Bean)
e Accelerometer

e GPS

e Gyroscope

e Barometer

e Microphone

e Ambient light

e Compass
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http://www.gsmarena.com/apple_iphone_5-4910.php
http://www.gsmarena.com/apple_iphone_5-4910.php

Technology: Different inputs

o Textile Interface Swatchbook

o http://www.youtube.com/watch?v=NKWWaéBvUts
o http://www.youtube.com/watch?v=ValtképXiHY
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http://www.youtube.com/watch?v=NKWWa6BvUts
http://www.youtube.com/watch?v=NKWWa6BvUts
http://www.youtube.com/watch?v=Valtk6pXiHY
http://www.youtube.com/watch?v=Valtk6pXiHY

UBICOMP HCI:Dix,et.al

Technology: Different outputs

« More than eye-grabbing raster displays

« Ambient: use features of the physical environment to
sighal information

 Peripheral: designed to be in the background
« Examples:

« Dangling String

« Osaka Ferris Wheel

e IMAage

‘ - e —————— e— 1t
: ’ PO U ———— - -
- . - .
T -
- - a LTI o0e
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http://www.flickr.com/photos/80651083@N00/5146622156/sizes/l/in/photostream/
http://www.flickr.com/photos/80651083@N00/5146622156/sizes/l/in/photostream/
http://www.flickr.com/photos/80651083@N00/5146622156/sizes/l/in/photostream/
http://www.flickr.com/photos/80651083@N00/5146622156/sizes/l/in/photostream/

Technology: Merging Physical and Digital

Worlds
« How can we remove the CAMERA
barrier?
« Actions on physical objects PROJECTOR

have meaning electronically, |
and vice versa |

« Output from electronic world
superimposed on physical

Worla WORKSPACE

Microbiology Tray and Pipette Tracking as a
Proactive Tangible User Interface, Hile et.al.
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UBICOMP HCI:Dix,et.al

Application Themes

« Context-aware computing

« Sensed phenomena facilitate easier interaction
« Automated capture and access

o Live experiences stored for future access
« Toward continuous interaction

« Everyday activities have no clear begin-end
conditions
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UBICOMP HCI:Dix,et.al

New Opportunities for Theory

« Knowledge in the world

« Ubicomp places more emphasis on the physical world
« Activity theory

« Goals and actions fluidly adjust to physical state of world
« Situated action and distributed cognition

« Emphasizes improvisational/opportunistic behavior
versus planned actions

« Ethnography
« Deep descriptive understanding of activities in context

Wednesday, November 21, 12



UBICOMP HCI:Dix,et.al

Simultaneous Multi-Scale Input and Output

« Screens
« Of many sizes
« Distributed in space, but coordinated

« Nokia Morph Concept
o http://www.youtube.com/watch?v=I[X-gTobCJHs
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http://www.youtube.com/watch?v=IX-gTobCJHs
http://www.youtube.com/watch?v=IX-gTobCJHs

UBICOMP

RFID (now “NFC")

4 R « Radio Frequency IDentification tags
« are small, durable, cheap
« have no batteries

« are designed to replace barcodes
« GUID
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UBICOMP

RFID (now “NFC”)

g y

4
|
D -.."l_-:?"s,l

« Radio Frequency IDentification tags
« are small, durable, cheap
« have no batteries

« are designed to replace barcodes
« GUID

Who are you?
] >> ID # 1287678087889343
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RFID
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« The biggest challenges for technology
engineering in UBICOMP:

« Creating reusable libraries

« Creating reusable patterns
« Creating reusable infrastructure
« That work in more than one deployment
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: Ubicomp is about people’s relationship to computers

Third Wave
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: Ubicomp is about people’s relationship to computers

Third Wave

How are we going to manage all of these devices?
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Who is going to manage all of these devices?

Who is going to manage the infrastructure when the
computers enter the human’s world?
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Who is going to manage all of these devices?

Who is going to manage the infrastructure when the
computers enter the human’s world?

The professionals!
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Who is going to manage all of these devices?

Who is going to manage the infrastructure when the
computers enter the human’s world?

The professionals!

Enter cloud computing....

Wednesday, November 21, 12



Cloud computing
is several
{visions, architectures, infrastructures}
that transform computing from a
{capital investment, product}
Into a

{utility, service}

Wednesday, November 21, 12



Cloud computing
is several
{visions, architectures, infrastructures}
that transform computing from a
{capital investment, product}
Into a

{utility, service}
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http://www.bombayharbor.com
http://www.bombayharbor.com
http://www.bombayharbor.com

Why now? What has changed?

Connectivity

Smart phones
System Virtualization
Security Threats

Sentient browser applications
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Why now? What has changed?

e Connectivity

e Smart phones
e System Virtualization

e Security Threats

e Sentient browser applications
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Average Connection Speed
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Average Peak Connection Speed
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Which country has the fastest mobile broadband?
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Which country has the fastest mobile broadband?

Greece
(5.3 mbps average)
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Which country has the fastest mobile broadband?

Greece
(5.3 mbps average)

Austria
(23.4 mbps highest average peak connection speed)
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Which country has the fastest mobile broadband?

Greece
(5.3 mbps average)

Austria
(23.4 mbps highest average peak connection speed)

“average connection speeds increased by
more than 100% year-over-year at 22 mobile
providers”

-akamai
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Why now? What has changed?

Connectivity

Smart phones
System Virtualization
Security Threats

Sentient browser applications
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Why now? What has changed?

e Connectivity

e System Virtualization

e Security Threats

e Sentient browser applications
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The mobile penetration divide

In some parts of Africa, five people share the same phone. In Italy, almost
every adult has at least two mobile devices. How penetration varies by region,
data represents the average number of people per SIM card subscription in 2010°.

Europe: 0.8 Arab States: 1.3 (1S%: 0.8

U

W < P

o.} F‘

P
4

iff

The Americas: 1.1 Africa: 2.4 Asia & Pacific: 1.5

blog.nokia.com |
SOURCE: International Telecommunications Union (http://www.itu.int) (()I ]V(\ [’S(]l ]()I ]S

Notes: 1. Estimate 2. Commonwealth of Independent States
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The mobile penetration divide

In some parts of Africa, five people share the same phone. In Italy, almost
every adult has at least two mobile devices. How penetration varies by region,
data represents the average number of people per SIM card subscription in 2010°.

Europe: 0.8 Arab States: 1.3 (1S%: 0.8

Wednesday, November 21, 12




Wednesday, November 21, 12



