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o Ubli qutous Conmputing
— Net wor k
— Sensors, Gontext Awar eness and A
— M ni a uri zati on and Embedded Har dwar e

« M xed Redlity

— (Somehow) Seantess Connection bet ween t he
virtud and red (physicd) 2 AR ...
— Tang d e and drect int eracti on

« Probably usabl e ...Redly?
« Can everythng betang ble and drect?

e What kind of Services?



* Nebu aisaninteractive prgection
system designed toenrichthe
experience d ga ngto bed, deep ng
and waki ng up.

e It provides anintutive and naturd
way o physicadly partiapatingin a
vrtud experience through s nple
body novenments and gest ures.

« The a mwastocreate an a nosphere
Inthe bedroomthat encourages and
enhances rest, reflection,

versation, i nti macy, i mag nati on
“PA" [ ] [ J [ J [ ] [ ] [ ] [ J




e Pebhbl es

— Content is se ected by dacing a snmart
— ‘pebbl € intothe bedsi de pocket.

o — Each pebbl e correspondsto a
different topc or thene.

0
& ) — They change accord ngto day and
ti ne.

e (0 hers
— A ar mand time
— Messages
— Games



e Nebulaconsists o acaling prgector linked v a
thelnternet to a database o content.

e Once users have sdectedthe content for
prg ection, they can mani puaeit 9 nply by
ad usti ng their d eeping positions and I nteracti ng
wththar partner whilein bed.

« dncethedynamcs betweenindvduas are
random and unpredictab ¢ the flow of cont ent
created by the couple wll be uni que and specific
tothem

* Ingenerd, the caling prgection beconmeslivdier
as the partia pants becone nore active



« Ambient Intelligenceinthe bat hroom
- based on persond prderences, sat dfferent
applicaions on anirnteractive mrra dsp ay.

e Mrror: Dspay and pace o interaction

(Specid dsplay syssemto beinsertedinothe
Mrror)

— Shaver: hd pinginstruction on shav ng

— While brushing thar teeth, watch cartoon.

— Scale dspday wa ght and aher irfao




 Person and preference recognition
(eg by wa ght, ha ght)

e (G her neans o interactiuvty.
speech contrd, gesture recognition,
etc.

e Wrd ess connecti on:
Low power RF protocds (4 gBee)

e The hedth coach sub-system
Measurement and processing of o
dat a



Systemt hat combi nes and bul ds
upon the naotions o panoramc
| mage dspay, tiled d spay
systens, i mage- based moddi ng,
and i mmersive environments.

Better everyday graphical dsfday environnment, and 3Dtd e
| mmer si on capabilities that dlow d stant peopl etofed as
though they are toget her i n a shared offi ce space.



e Extract per-pxe depthinfor mati on

— For visib e surfaces in Gfice, such as walls, furniture, objects and
peopl e

— Data acquisition of a dstant ofice using a “sea” of seven
camer as

- Wsing thisdepthinfor mati on one couldthen d spl ay (prg ect)
| mages
onthe surfaces, render i mages of captured nodel s o the
surfaces, or
| nterpret changes inthe surfaces.

« Tracking of the local user’s eye positions

- Rendering the dynamc nodel o the remote scene based onthe
tracked
user’s positions; and astereo presentationto dsplay arenote
cdlaborator, al dynamcalyinred-ti me.

« Prgection Dsplay Techni ques
— Aut omatic and reconfigurabl e wde-area d splay wall.

I POISCIORSIMINN 0 " Ut o1 contud | ed, pan, Jilt, and zopm



« A prgector-based approach tovisuaizng re-creations o rea and
| magi nary sites.

« To achievere-creations that are both visually and spatidly redistic
and provi de users a strong sense of i mmersion as they wal k around t he
virtua site

« Use si nple white buildng bl ocks to build static physical nodel that
approxi mates the geonetry o the site, and prg ect dynamci nagery
ont ot he Wl ocks.

« ADVANTAGES
— very wdefidd of view
— red wal ki ng around,
— reduced sensitivtytotracking errors and systeml at enci es,
— aut o-st ereoscopi ¢ vi sl on,
— naturd addition of augmented virtudity,
— provision o haptics.









This wor k explores how a hybrid cdl ection of
I nput and output devi ces can be usedto
colaboratively expl ore virtual i nfor mation
spaces. W wll construct alarge
st er eoscopi ¢ pr g ecti on screen and t hen
devel op soft ware that wll enabl e handhel d
and tabl et PCsto drivethe displ ay and
serve asthe maininteractiontods. Inthis
way i nfor mation d spl ay can be spread
acr oss several dfferent devices enabling a .
m xture of private and publicdsplayina Shared Space, 1999
coll aborative setting The most appropriae
di spl ay can dso be used for dfferent types
of data—for exanpl e tabl et PCs for 2D

data d splay and stereo projectionfor 3D.




A multi pa nt awar eness and _
communi cation porta for connecti ng
renot e socid spaces

iComis a nediainstdlaionthat for ns a
bri dge bet ween dfferent locations. It
operatesin aconti nuous and background
mode, integrated wththe surround ng
space. The portd enabl es awar eness of
renot e actimty and pronotes a sense of
connecti on among those generatingit.

Its nor mal nodeis background, provi d ng
conti nuous ambi ent awar eness bet ween dl
stations, but at any ti ne it can be

transfor med into aforeground node for ad-
hoc te e neetings or casua interaction,
without the needto dd tdephones or wait
for connections to be establi shed.




House ninvesti gates how new
comput ati onal desi gn, fabricati on,
and sensi ng tool s can be usedto
creat e responsive, adaptable
environments that wll better
accommodat e conpl ex new
activities and ever-chang ng
technal og es.

Researchers are focused onthree
application areas: heath
(proactive environnments for
heathy living), energy (scal abl e
strateg es for Net 0 houses), and
mass cust om zati on (chassis/i nfill
for paces o living).



The Laser WAl l The magic car pet




M sua Quides for Musica Musi cal Navi gatri CS
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Augmented surfaces. 1998







| nt er acti on

— Props and Reconfigurahility

— Whol e body tracki ng and | ocati on tracki ng
— Context sensitive

— Pattern Recognition / Voi ce | nput

DO spl ay

- M Xlec?) Reality (Seam ess connecti on bet ween d spl ay and red
wor

— Srategcalylocated (A bitrary surfaces and odd | ocations)
— Obj ect centric

Applications and M sions
— Customzed
— Communi cation, Health, Educati on, Enhance a nosphere

Q her I ssues
— Usability. Thisisthe grand god!
— Hatform Can we use Wndows onthe Mrror?



Display blended wit &
Home interiocr

Custom configured Props,
PDA, Laptop, camera
tracked and recognized
object, etc

/
O |:| Family Table

Point of Gathering
Touch Screen
Control Large Display
Work with Props and PDA

People tracked and recognized




e 4~ 5 users (vs. 1 user Desktop)
« Not redlycdlaborative
 Shared physica space
o Tabl et op met aphor

— Hghtingfor therenote

— Woul d you pass the sdt ?

— Casud and decor ative



e Take me “out” tothe ball park ...
e« At home (“in”), wth dl the conf ort
« Continuty bet ween “out” and “i n”
— Aug menting the “out”
— Augnmenting the “in”
e Presence: Where am| ? L




e |nteraction

— Communi cation Protocd and System Soft war e

— Reconfigurabl e Props
e Indligent RF Swtch Devices (e g tap, press, breath, pressure, etc.)
* Embedded System Soft ware

— PDA Interface

— Touch screen Interface

— Whol e body It erface

e Sensing
— Network of Caneras (10 20 3D narker tracki ng)
— Tracki ng of whal e body
— Famly nmember recognition and | ocati on tracki ng

« S nmple Context Sensitivty
— Proxi mty
— ldentificati on

« D splay and Rendering

— Tabl e-top prg ection
— Obj ect augnmentation (blend honme withvirtua)



e Communicati on

Re not e presence
Health

Educati on
Enhance at nosphere (new home concept)



Custom configured Props,
PDA, Laptop, camera
tracked and recognized

Large Display Surface object, etc

é )
\

\

Family Table
Point of Gathering
Touch Screen
Control Large Display
Work with Props and PDA

Sensors and Projection &

People tracked and
recognized

—




« Assessing UWsahility
— What k nd of sensors and d sp ays?
— What arethe pri mtive tasks?
— What k nd of interaction sche me?
— Sort o a“Chicken and Egg” problem

« Hatform
— PDA needs one, and (dI phone has one

— So dotakdes ...and ot her for ms o ub qutous
computing o interact-alle d ement s






e Table dsplay: Rear prgectionfor now
« Hand/ H nger Tracki ng: Camer a based (Mar ker | ess)

e Prop Tracking (Possiby wth a marker)
« Head Tracki ng (Locati on only)

« Touch Screen

« OBl (or virtual buttons)

« Voice (Input and Qut put)

e S nmple Motion Gestures and Tabs

 Physica buttons

. PDﬁ Ca | Ehone| et C.









A disposer






« System Activation / Deactivation

—Eg S npetouch/ Expiat Login
Obj ect Manage nent

— Hles, |cons,

Regi on and Resource Management

D splay Functions: Cientationand 3ze
Devi ce Regi stration
« A phanumeric | nput
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camera

A N\ovement distance

W: size of object / Icon

>
~1m



« TouchS/ Hand-T
« Coserange — Drect Touch
e Far range —Hand T
« Ray or Hash (Snall fl ash)
« GbGo not needed
e 2 hand not redly needed

 TouchStouched by the prop)/ Prop-T
e Ilcon need to be size o prop bottom area
 Fop probably has a button dewv ce for find confir mati on
e Goserange — Drect Touch
e Far range —Hand T
o F@_y
e Hash (Smal | fl ash)
G0 nat needed / 2 hand not redly needed
e MiUtide people— multipl e props



- Mouse (G0 Go)
 \irtud workspace
 (d udes oper ati ng space (> mnust be exd uded from
oper ati ng space)
o rtud workspace will not work wthtouch screen or track ng
due toresd uti on

 TouchS/ Mouse = TouchS/ Prop

e TouchS ony
 Drect Touch dl the way
* Fobaby need GoGo > inconsistent (finger vs. cursaor)
* Likelarge vrtud space

« HAnd-T ony
« WI not work for d ose range interaction (occl usion)



« Bingto ne and put back
* (one sd ection
 Qoserange sd ection (Touch Screen by hand or by prop)
» Takes |l ong ti ne
* Locdize 1
* (one sd ection
* Button and go t hrough possi d e chaces

e Locdize 2
 (one sd ection
* Vo ce (put that there)



«Basic nenuis dready there > Goto Menu Sd ection (no nmenu
| nvocati on)

\Va ce

R op Button
e Needtothnk about conflict wth athers
e Second button
« Context dependent

Butt on (I ower right corner?)

Touch screen button
» Designat ed button
e Doubl etab?



- Vo ce

« Hop Button
e Needtothnk about conflict wth athers
e Second button
« Context dependent

. Butt on (I ower right cor ner?)
« Fdlows wth ny hand (touch screen only)
e Canit work wthrenote cursor?

e Touch screen button

« Fdlows ny hand or cursor
e Doubl etab?



- Vo ce
e (O up and down (right or | &t): Saytheitem
e Button and go t hrough possi d e cha ces

e Button
e (O up and down (right or | &t, ratate)
e Touch Screen Button (non sense)
 Touch screen drect sdect (see bd ow, nenufdlows hand)
 Hand OB

 TouchS
 \irtud nenu nove nment space
« Menu fdlows ny hand

e Hand-T
e Too hard -2 (one sd ection and Vo ce \Va ce



 Need Consistency wth Sel ecti onl

TouchS/ Hand- T (0K

TouchS (touched by the prop) / Rrop-T(OK

Mouse (0 Go): not good (nonlinear mappi ng makes it dfficut)

TouchS ony: Human Factors prob em

Hand- T ony: QGcd usi on probl em

Bingto me and put back: TouchS (~ vrtud space)

2 hands: Rotation



Input Devices / Sensors

Home Automation Touch Screen, Props, Keyboard, Mouse,

Gestures, Camera, PSD

I

!

Application Manager

- File/App Manager (Ta

bletop Metaphor)

- Sensor/Device Server

- Network Server

- Basic Applications

!

Display/Augmetation

Projection, TV, DVD, Sound
System, Lighting, Thermal, Air-
conditioning, etc.

!

Computers, PDA, Tablet,
Mobile Phone




e Just bulda Xwndow manager!
e Qur own Xw ndows like system(for fuureflex hlity)

_ .= —
r X Client ) X Client
X Client Toolkit X WM. Toolkit
X Lib X Lib X Lib X Li‘b
X Window (TCP/IP) )—H X Window | |
T CPU2
X Server
Device Driver

— ‘ _~ CPU1



- Wsabilityisi nportant! But overl ooked

o Assessi ng usablityis dfficut
e Dewvices
o Miti noddity
 Physicd constrans
 Peop e problem

e N\eedto beintegraedinothe deve opmentd
pl atfor m

o Wsablityinthelarge (Table - Livng Room - Home
29



