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Nokia 5800, 2008

hall of fame/hall of shame?
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hall of fame/hall of shame?






“we've invented...
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what was the real novelty here?

30 second brainstorming
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Inspiron 7000,1998




Compaqg PDA, 2000
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how did they enable dual-touch in a single touch sensor?
30 second brainstorming
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DiamondTouch [Dietz & Leigh '01]



irtSkin [Rekimoto '02]
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iPhone 1, 2007
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...and it prevailed






Bodyprint [CHI '15]




Biometric Touch Sensing [UIST "15]




optical touch sensing
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diffuse illumination
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darker and blurry




projection plane




projection plane
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Microsoft Surface, 2008









frustrated total internal reflection

the other camp
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projection plane
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fingerprint scanners
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weird mixes

diffuse illumination + frustrated Fresnel reflection
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diffuse reflection + surface reflection

diffuse reflection + surface reflection

diffuse reflection
frustrated surface reflection
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what's the big difference?
30 second brainstorming
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iffuse illumination







| ? el 2 Je[ 2

typical processing pipeline



segment ﬁnd connected track
objects I-Jl> components I-Jl> components

typical processing pipeline



segment find connected track
objects components components

who sees the link to Buxton's Touch, Gesture & Marking?
30 second brainstorming

typical processing pipeline



this part also calculates
accurate input locations

segment find connected track

ObjECtS components components

typical processing pipeline



Touen accuracy



Biometric Touch Sensing [UIST "15]




input resolution: 42 x 33 across a 10” display

map to an accurate input location _'
screen resolution: 2,160 x 1,440
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if only it were that easy :-)
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Touch painting [Sears et al. '91]
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“parallax between the touch screen surface and the display surface”
“high error shown in many studies”

“fatigue in arm motion”

[Potter et al. CHI '88]



“parallax between the touch screen surface and the display surface”
“high error shown in many studies”

“fatigue in arm motion”

solution: “finger mouse”, a cursor the user drags on the screen

[Potter et al. CHI '88]
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“parallax between the touch screen surface and the display surface”
“high error shown in many studies”

“fatigue in arm motion”

solution: “finger mouse”, a cursor the user drags on the screen

strategies: touch-down, first-contact, lift-off + offset cursor

[Potter et al. CHI '88]



okay, let’s use cursors then...



High precision touch screen interaction
[Albinsson and Zhai, CHI '03]



High precision touch screen interaction
[Albinsson and Zhai, CHI '03]



Touch Screen Pointing Test
Experiment  Settings
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High precision touch screen interaction
[Albinsson and Zhai, CHI '03]
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High precision touch screen interaction
[Albinsson and Zhai, CHI '03]



Precise Selection Techniques
[Benko et al., CHI '06]



Precise Selection Techniques
[Benko et al., CHI '06]



a) b)

Precise Selection Techniques
[Benko et al., CHI '06]



vertical finger pitch

contact area

flat finger pitch

Direct-touch vs. mouse input
[Forlines et al., CHI '07]



the culprit:

the fat-finger problem
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fat finger



[ Resistive Touch Screen
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[Wigdor et al., CHI '07]



[Baudisch and Chu, CHI '09]
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[Vogel and Baudisch, CHI '07]



why did you read this paper?

30 second brainstorming

Shift

[Vogel and Baudisch, CHI '07]



(a) user view (b) hardware view

<— input point -

)(4—b input point
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erceived input point problem
p p p pVogel and Baudisch, CHI '07]



showing cursors is cheating!

...and they almost convinced us!






what'’s the real problem here?



the problem is underspecified!



Toolnox

VWhat by hete
Helated changes
Uphoad the
Special pages
Eermansc ok
Page vilormaton
Oata nem

Prnbespon

Creale » book
Dowrdoad as POF

Prntabde version

Languages

Sengle E_ug ah
-l

Bahasa Indoneun
Bahasas Mas
Bwrwage g \
Cataia i
Cex a%
Dans
Douts
Eest
EANVIRG
Espanol
Esperanto
Euskara

e

Frangaus
Gakgo
P20y

nMay

- oo T TE SRS BN, VO A,
MY (pofwed) and Monese B
ATGNg The best sl thea postion: kor Tech
Handad nad had a

Daces Carne® W R ware Core
BONG! QUANOrDeE |
TRCOId-reah ng season. Botn Wwams wiso
ranked delenses and wn & Gelensive struggle. Autuan Samed
viclory despto a late-game faly by Viginae Yoch n FRLOg Lo
SAme-winning perormance, Aubum guarnteback Jason Campt
named the game's most valuatie Paayer Several plagers trom
toam were selected in the 2005 NFL Dralt and wertt on 0 care
e Natona! Football Loague. (Full artiche.. )

Reconily leatured: The Hunger Games — OMo Becher - WoeTde
Archive - By omall - Mote featlured o

Did you know...

From Wikipeda's newest content

* . \hal Kirkpatrick Chapel (pictved) at Ruigers
Urevorsity, budt in 1873, was designed by wmchitec
Henry Janoway Mardenbergh, and leatures four
slained-glass windows from the studios ol Louls
Comion Tilany?

¢ . hat! Arthur Flelds ook over 180,000 phatographs
ol Dubtkn pedoestrians?
2a . that according 10 the 1871 census, the fast In Batsh Indi
. ippalll had & population of 76,530 making o the s
: ’;Ni Presdency, noxt only 10 Madias?
.,."”'- a1t Right', featuring Pands Bear o
b Dot Poacrions Meda

ewen, Ran

which link
am | selecting?




___ thatitis not the fingers
Ut OUr touch devices that are w




let’s assume for a second that there is

nofatfinger

problem



instead, almost all observed targeting error comes from

perceived
Input point

problem



perceived input point problem

N
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touch device
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why we hope it’s the perceived input point problem?

the fat finger problem, in contrast is always noise = error



while there is always an offset, we hypothesize that
the offset depends on the pointing situation












] users: finger shape




4users: mental model




current model

71> | xly

center of contact area 2D screen




we propose

> | xly

sensing the fingerin 3D 2D screen






independent variables
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error metric




error metric

spread
0 .= variation within a condition




error metric

spread
.= variation within a condition

minimum button size
:= 95% of samples
across conditions




study design

2 yaw
X 2 sessions (pitch, roll)
X 5 angles
X 6 repetitions per angle
X 5 blocks

= 600 trials / participant

12 participants
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user
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which user is the most accurate?
30 second brainstorming
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can we make this real?



Ridgepad

optical fingerprint scanner
500 dpi
1600 x 1500 pixels




touchpad vs. fingerprint scanner

()

2D contact area 2D contact area
+ yaw, pitch, roll
+ participant ID
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now we're done and touch is accurate.



no! there's a bug here!

we're still compensating...



systematic effect
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challenge



challenge

we need a model

in HCl, models are typically obtained using an
unambiguous device (e.g., mouse)

1. measure data points (34,119)
2. fita curve




but what shall we measure?

there are infinite ways
how users might map 21
these crosshalrs to _-E._- =5
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so we had to revert to
basic experimental process...



guess a model

try it out in an experiment

if outcome is bad, repeat




which model?

if it is not
the contact area...




creating models
using visual features
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evaluating the models
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bad model good model
large error offsets small error offsets



3 user studies






Wz

pitch

65°
45°
25°

15°

independent variables

rol|

O O o 152 () ase () oo°

X

X

X

X




..and head position
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study design

6 combinations of finger angles (pitch, roll)
X 4 head positions

X 2 blocks
X 4 repetitions

=192 trials / participant

30+ 12 + 12 participants
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touch input is a




users target using
features on top of the finger
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current devices sense
features at the bottom of finger



now we have two options...






2) We compensate for errors

Ridgepad

reconstructs the fingerin 3D

input-only

not real-time
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