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Cutl1 ne

e | ab Overview

® Sel ected Research Prg ects
° I[nteractive Todsfo Augnented Redity ‘“Xray vus on”

e HandVu. Hand gestures for nobile conputing

® Photoredistic Red-Ti me ARIn Unprepared
Environnents

® Multi-Hash | mag ng
® Facid Expression Anays s 7
e Constra nt-Based I nteraction with RNA Md ecu es- -

® Concl usions




The Four Byes Lab

| ® Researchinthe Four “‘1”’s df Imagi ng,
| nt er acti on, and | nnovative | nterf aces

2000/ 01 Matthew Turk startsthe ‘1-l ab”

2002/ 03 Tobias Hollerer ja ns, newl ab space,
new nanme

2004 Hrst PhD Student G aduates (Mat hi as
KAl sch)

2004/ 05 M siting Prof essors/ Researchers
June- Ho Y,
Hyoung Gon K m
Is o Rakkoal a nen




The Four Byes Lab

e Current 3ze
® 2 Per manent Faculty

®2 Mdting Facuty

® 1 Post-doctord Researcher
e/ Ph.0D Sudents

/4 Masters Sudents

® 3 Undergraduat e Researchers




The Four Byes Lab

~20 Research Prg ectsin

* Computer s on Met hods &
Applications

® Perceptua & Muti noda Interfaces
e 3D I mag ng and Int er acti on

® Augnented Readity

* Mohile HO




Four Eyes Lab: CGenera Motivation

Provi de better, nore conpelling HCI techno og es
Inavariety o | nportant computi ng environments
* Desktop, immersive VR

* Mobile ubqutous, AR

..and for avariety o applicati on areas
* Sciences, entertannment, dgtd art, vsudization, ...

| nvesti gate fundament a 1ssues i n devel op ng
robust, real-ti e, wor ki ng technol ogi es for
| nt eractive syst ems




Aug ment ed Real ity

2 pres

t

1) Bendsred and virtua, inrea environmen

2) Real-ti neinteractive
3) Registeredin 3-D




Mobil e Aug ment ed
Real ity ‘ _ !
oo e

* QOverlayinfor mati on \
anywher e, anyti ne L L | W AR

* Many application areas
* Tourism journadism architecture construction,

mai nt enance, repar, mlitary, traning ned dne,

enterta nment, ...

* Genera purpose situated U for wearable conputers

* Nawvi gationa ads, communi cation a ds, persona
situated i rfor mation DB, generd U for appliances




X- Ray M sionin AR

Architecturd Anatony Aug ment ed Reality

M sudi zation for Lapar oscopi c
Fei ner, \\ebster, K ueger, Sur gery
Maclntyre, & Keler, 1995

Fuchs, Liv ngston, Raskar,
Kdler, Sate




Mor e Mot vati on

W White (S lllinds U, NASA
Johnson Space Cent er)

X- Ray Wndow. Portabl e
M sualization onthe
| it er nati onal Space S ation,

Techn cd &etch, S GGRAPH® 04

X Ray Wndow Rendering d | SS Destiny Modul e with
Col or- Coded Sowage and Equ pnent Conmponents




Tanged
Lesxaton A

Location 2 i
Lslnchon 4

Drect Dsplay Methods

Targel
Locafan 1
Chogircion 2

Resdvng Mitide Qoo uded Layersin Augnented Redity
Livingston, Svan, Gabbard, Hilerer, Hx Juier, Balla, B own,

| SMAR * 03




Tang blelnteraction wth
Occl uded | nfrastr uct ur e

Provide interactivetodsto explore
occl uded i nfrastruct ure froma mostly

stati c vant age poi nt.

Sicethrough the environment infront of
youl.

Integrate birds-eye overviews




| Mpl ementing X Ray M sion

Har dwar e Overvi ew

M deo See-Through AR
(Tradeaoff: FOV /
| mmedi acy)

Focus on far-fid d AR,
Interaction fromardativdy
stati c v ewpaoi nt.

tracker manager
| input handler |

]
o

Runni ng off a 2 2GHz | apt op
computer with NM OA
Quadro4 Go graphi cs.

=
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| Mpl ementing X Ray M sion

Software/ U Overview

| npl ements interactive
techni ques inthe form of
a snmall tod set.

Hrst persontods use
virtua | enses and three
d nensiona diders

Third persontods dlow
userstocontrd awurtual
cameratowview ol ects

Caprrardl R G5BT Figh Rsen
(T TR ]
o Facior; 1 080000

Caarries] Poars. W35T ap blii Flatm
Chbamencn 1o o L % J00eH
o Facior 1 TEOIN]




The Tool set

The Tool set exam nes two mal n
approaches: Vodunme based and Room

based

* Vo unme tod s work on genera geonetry

®* Roomtools assume that structures are nodd ed
as cdlections o roons, and dlowthe user to
exam ne buil d ngs on aroom by room basis.

Generd 1dea: assume |1 mted se mantic
Ifor mation. Shifts burdento nmoddi ng.




“XRay Lens™ The Tunnel Tool

Focus Region:  Transparent
Fully Rendered Region:
Mot Rendered
Context Surroundings
Region: Environment
Transparent  Wireframe
Region:
Not Rendered

Screen

Apparent Tunnel V
Start of Context Back Plane (opaque)

Focus Region to occlude real world

Region Planes




The Tunnel Tool

Distance; 25755208\
Focus Length: 2.000000 x
Contexi Length: 2.000000 !




The Tunnel Tool

Distanca; 34088542

Focus Length: 2.000000 v
Context Length: 2.000000
Zoom Factor; 1000000

Good for iew ng data douds (tenpera ure, wreess connectivity,
Good for view ng buil d ngs whose main walls are aigned Wth,
or orthogonal to, view ng drection
Can be confusi ng when walls are cut a angl es.




The Room Sel ect or Tool

Cyrrand Roor; 334 Bottom Right Room
Distanca 1o point: 22 600000
Zoom Factor; 1, 00k000

i -y

o - _L_‘ .I.,.
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* The Room Sel ector Tod is aroom based, first person toad
* Assumesroons to berepresentedinthe environment nodel

* Intutive—Thisis what many peoplei magi ne “x-ray v s on”
| ooks li ke




The Room Sel ect or Tool

Current Room: 934T op Main Room
Distanca to paint; 26.
Zoom Factor: 1,000000

« But what happens when obj ectsinthe room occl ude
a her olyects?




Putting it al together

M deo




Architect ure

tracker managu'F :

glasses

video
combiner




Eval uation of Techni ques for
| nt eracti on (3D Cursor Contrd)
at a Dstance

Four techni ques test ed

® T1 uses a Twdd er?
keyboar d

e T2 uses a Rocket Mouse
fi nger trackbal l

e T3 uses head ori ent aion
and t wo buttons

e T4 uses head orientation
a one (@ us a buttonto
swtch bet ween nodes)




ﬁudydetails

-1

-*-..

*""f
e

Tra ni ng session for
each techn que

Two test-runs per
techni que

Or der o techni ques
was per mut ed
bet ween users

SudyinVR wth users
sitti ng

13 users—9 male/ 4
fenal e

10 gat e course




S udy Results (TI mes)

Keyboard Trackball Headtr acker Headt r acker
and Buttons My




S udy Results (TI mes)

Keyboard Trackball Headtr acker Headt r acker
and Buttons My




Summary of Results

T2 (Trackball) and T3 ( Headtracker and
Buttons) performed nearly equally well

Users found T2 (Trackball) nore favorahl e
thanit obj ectivel y perfor med

Tl mes and error rates were not directly
corre aed




| nt eracti on Design Reco mmendati ons

Trackbal | well suitedfor 3D cursor contrd from
a d stance

Head tracki ng can be a usefu | nput technique in
certa n cases, particu arly panni ng

Head trackingis commonpl acein AR

Keyboard has low error rate, but slowti mes -




M sl on-based I nt erfaces
for nobility




Hand gest ures

unobtrusive —no g oves o
devi ces

light wei ght, nobile wrel ess

good for adverse environments
® sand, noisture dlence nase

canmera’s versail e
applicati ons

har dwar e advances and price
dr ops




HandVu Vision-Based Interface
ToolKit (v. kélsch)

hand hand s posture
detection tracking I recognition




Kd sch & Turk: Face and

e < P |

Robust hand det ectl ONncesture Recogrition 2004]

extensionto[Mda & Jones 2001]
detectionrae 92%
fd se positiverate:
1.01*10°8 or
onein 279 VGA sized image frames,
onein ~1500in our 218x308-5 ze area

with cd or verificati on:
fewfd se positives per hour live v deo




Onli ne | ear ned hand cad or




H ock of Feat ures.
Fast 2D hand tracki ng

tracking of articul a ed ol ects
e|ocationin 2Di mage pd ane

* no finger confi gur ati on

fast: 518 s on 3GHz

robust:
e despte arhtrary backgrounds

e despte chang ng lighti ng conditi ons




H ock of Feat urestracki ng

Indvidua KLT features (grey | evd)

| oose, g obal ‘fl ocki ng” constrants:
® not too d ose to anat her feat ure

* not toofar fromfl ock

co or probability for backup consultati on
= multi-cue i ntegrati on

- overcones g ng ecue falue nodes




H ock of Feat ures tracki ng




H ock of Feat ures
eval uatl on

B camshift

[ ] worst flock per sequence
[ 1 mean flock per sequence
B overall best flock




Hand post ure recogniti on

hi er archi ca detecti on

1.21*10° = 0.000121%

di sti ngui shes six post ures

re-intializati on of tracking
®|earn cd or node

e seat feat urel ocati ons

E \
w




HandVu’'s vi S on net hods

method detection tracking tracking and image cue
initialization recognition

extended Viola-Jones hand detection posture
detection/recognition classification

__%

— ¥ feature tracking grey-level

grey-level

KLT feature

tracker with initialize .
pyramids feature locations

histogram color verification learn fore-&back- learned color
lookup (fixed histogram) J L ground color model




HandVu t od kit

detection tracking tracking and
initialization iti

handdetection

initialize

Applicati on

(]
8]
c
©
c
(]
=
[o]
=

exposur e

tod kit contrdler

1 | ast frane

I application B I application C




Photorealistic Real-Ti ne ARIn
Unprepared Environments (s overd, T Hilerer)

e Seamessintegration of vrtuad and physi cd
worl dsis a god o AR

e bodintegrationrequres accurate

geonetricreg stration, as wall as consi ste /0
i1l i nati on. 7 4

=
- -
&

e Exstingrealistic mxed redity systems
requre extensive start up costs - cali brati on,
scene nmodding, i nstrument ati on, etc.




Photorealistic Real-Ti ne AR In
Unprepared Environment s

Acquisition - . : :

oo (Rl v e © YT oo Ay o
u !

-4 RS

 Aggregat ed lignt and geo metry
| nfor mation nmust be storedin

un fi ed scene dat a struct ure
nght Georretry with
Modelling Modelllng _
| owincrementd updat e cost.

e deoinput wll be used far error

-'F- Error AR correcti on and v deo see-
h- gl Correction Dlsplay t hr ough

Scene Model d Slj ay.

PhyS|caI Scene




Photorealistic Real-Ti ne AR In
Unprepared Environment s

Approxi mate Geonetry
Acqui Sition

 Physicd geometry necessary for
li ghti ng and shadows.

« Dynamc responseto geonetry
changes requires (sem-)
aut o mati c acqui sition

techn ques.

e SereoMson dgorithms for
aut o mati c updat es.

* It eractive ( mar ker sweep, ine -
mar kup) int erventi on for se m-
aut o mati c updat es. )

© D Scharstean and R Szdisk.
http:// www m dd ebury. edu/ st ereo/




Photorealistic Real-Ti ne AR In
Unprepared Environment s

Li ghti ng and Shadows

« Dynamc response tolighting
environment changes requires
aut o mati c acqui sition

techn ques.

e Tracked light probe prowv des
parti d
| nfor mati on.

 Qurrently, shadows from | BL are
ony done wth dfli ne renderi ng
techn ques > turninteractive

e Rocesslignt probetofind sndll
number of bright arealight -

sour ces g

© P. Debevec. Rendering
Synt hetic Gy ectsInto Red

Scenes, 9 GGRAPH 98. for shadow gener ati on. Y
htt p:// www debevec.org/ Pro =

bes e Red-ti me environment map

44




Photorealistic Real-Ti ne AR In
Unprepared Environment s

| mage- Based Eror Correction

o Applying vrtud lighti ng and
shadows requires p xd - perf ect

reg stration. Brorsinreg strati on
are easily det ect abl e near edges.

* Reg stration errors aredifficut to

di mnate especidly wth
aut o mati c

geo metry acqu sSition techn ques.

» I deo of scene can be usedto
correct

errors by maki ng rendered li ghting -

edges correspond wth dept h
d sconti nuiti es

@

45



Mul ti-flash imagi ng for dept h
di sconti nuties

S GGRAPH 2004 and CVPR RTV4HA 2004
Jont work wth MERL, MT

Generd |1 dea: ;

e
e Take Ni mages wth N dfferently '\
| ocat ed fl ashes I

* Reason about the cast shadows
to deter mne dept h
d sconti nu ti es

Applicati ons:
* Non-phot oredistic renderi ng

* Hnger spdling (for s gn




Dept h b scontinuty Det ection
(R Feris w R Raskar ( Mtsubi sh Hectric Research Labs) and M TurK)




Multi-Hash | mag ng
(R Feris w R Raskar ( Mtsubish Hectric Research Labs) and M Tur k)

Canny Edge Det ect or




Mul ti-H ash Appli cati on:
H nger spelling recognition

M sl on- based fi nger
spelling recognition
usi ng dept h
di sconti nuiti es

Part o sign|anguage
* Lots o ocdusi on




Recogniti on

Wor st cases reported by a g ove-based system

96 % of correct
mat ches,
conmpared wth
88 % wth Canny
edges




Ongol ng work: Explat variab e
wavel engt h




Faci a expressi on anal ysi s
(Y. Chang, M TurKk)

Faci d expressi on representati on
and v sualizati on

Use non-linear nanifol ds to
represent dynamc faci a
expr essi ons

| nt ution:

* Thei mages of dl fad d
expressi ons by a person makes a
smooth manifddin(h gh-
d mensiond) | rage space, wth
the “neutrd”
face asthe centrd reference
pa nt




Expressi on anal ysis: Non-li near
manifol d

The manifoldis embeddedinthe h gh d mensi ond
| rage space

Two techni ques:
* Locdlylinear embedd ng, L pschitz enbedd ng

Expression =ang e o nanifd d

First three dimensions of Lipschitz
First two dimensions of LLE embedding: Good clustering for similar
facial expressions




Manifoldwvsualization of
expressi on







Constra nt- based I nter action wth RNA
Mol ecul es (Helly Kwee, T. Hillerer, L Jaeger)

Long- Term Goal:

Asse mbl e new shapes from
RNA notifs

“Haying Lego wth
B onol ecul es”

| nt er acti on Resear ch:

e S mul aion Environment fo RNA
nol ecu e asse nbl y

e Howto communi cate
bi oche m cd

constrantsinineraction?




Constra nt- based I nter action wth RNA
Mol ecul es (Helly Kwee, T. Hillerer, L Jaeger)

Emul ati ng Forces as
M sualization Constra nts

Compare to Haptic
Feedback (Sensabl e Omni,
Delt @)

Interactive Drag N Drop 3D
Dat abank of Motifs

Novel M sualizati ons




Constra nt- based I nter action wth RNA
Mol ecul es (Helly Kwee, T. Hillerer, L Jaeger)

| nternational Coll aboration wth 4 B Berlin Ger many

| nt egrati ng new
| nt er acti on,
si mul ati on, and
visualization
techniquesinto
TGS/ Mercury
Amra




Cutl1 ne

e | ab Overview

® Sel ected Research Prg ects
® Interactive Todsfa AR “Xray v s on”

HandVu. Hand gestures for nobile conputing

Phot oredistic Red-Ti ne ARIn Unprepared
Environnents

Mul ti-H ash | mag ng
Facid Expression Anays s 7
e Constra nt-Based I nteraction with RNA Md ecu es- -

® Concl usions




Concl usi ons

Overviewof just 6 prgects o currently about 20

Tang bl e Space very nuch at the center o our
research

The conput er has to be tought howto enhance
rat her than dom nate a space.

Take intoaccount peopl € s way of i nteracting
with each ot her




Four Byes Lab — Summar y

Genera notivati on
* Prowvide better, nore compelling HCI technd ogy in many
computing environnents
Technol ogi es and research

* Fundament al issues in deve op ng robust, red-time,
wor ki ng comput er v on techna og es for i nteractive
syst e ns

* Multid sa dinary approach
* Multi nodal integration

* Speech, sound, haptics, user nodeling, gestures,
v sudi zati on

* Mai n application areas

* Generd HA, entertannent, dgtd art, vMsudi zation,

61




Ubl quitous Conputing Qur Versi on

... Next comes ubquitous conmputing, or the age
of cd mtechnd ogy, when technd ogy recedesinto
t he background of our lives...( M W& ser, 1991)

Maki ng U s ubi quitous:
« Hectroncdly enhance the physicd envronnment

« Hectroncaly enhance the user’s percepti on o
the environ ment

« Enhance the conputer’s percepti on o the user




