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Ubiquitous computing
@ Xerox PARC, 1988 - 1995

Dewvices according to model size approach:

The most profound PARCtab PARCpad Liveboard

technologies are those
that disappear. They Inch-sized Foot-sized Yard-sized

weave themselves into

the fabric of everyday
life until they are
indistinguishable from
it.
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Pen Grip @ Palm Grip
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Nianlong Li, Teng Han, et al., CHI 2020 (Honorable Mention Awards)
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Am | upright
or tilted?

/

Support
force for

Vestibular sense Proprioception Vision
Sensory Integration Process
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Body  Sensory Matching Upright lllusion
Conditions: s(°=22,5°245°867.5°290°

(a) The score of Body Ownership Scale

<. 5.
300 ..
250
200 X, ok
o . .4 —kk
g 150 T
m .
100 ;
50 %ﬁ oe %% =
0 i
N 0] D

Conditions: =0°=22.5°245°267.5°590°
(c) The score of N, O, D in SSQ

* %
f kxk,
—x

= ok
25 S T
=
20 ﬁ Pk,
+ -
o 15 .
3]
A
10 5, -
[ . .
S Thalgs
O &p ~SP INV REAL
Conditions: s0°=22,5°245°867.5°290°
(b) The score of Presence Scale
250 — ke
, X%
200
o
g 150
(]
=
(o]
[l

100 _
. %%F -

0 - -

Conditions: s0°=22.5°245°=267.5°=290°

(d) The Total Score in SSQ




S s ELOLEE [A) X AN R R Y 5

K L m& T R
= m_‘ y - = -
'y e
-y




HZR/KE-BEEHRA




E B B A




73 [ R A







50 —_—kkk —Xxxx
45 ok k T
Lk dak,
40 R |—*—**—‘l .
35 SR S
c 30 © g s . s
= 25 ; 3

% Lot L

Horizontal Line Vertical Line
Conditions: s(0°=22,5°245°267.5°290°

(a) Line perception

45

40 - e

o

o

R NN W
ol

(42}

Deviation (°)

=
o

(4]

0
Conditions: s(0°=22.5°845°a67.5°290°

(c) Direction perception task

£o0s8
C
2 0.6
.©
2 0.4
()

1.2 ek

1

0.2

0 T

Conditions: s0°=22,5°245°267,5°290°
(b) Distance perception

R

x

0.3 —%

025 . =

-

Conditions: s(0°s22.5°245°=67.5°290°
(d) Position perception task




HEZEFDH

Brain

| must be
upright

5

unusual

\ force
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upright

£ V&GT=Weight! IWeightNghtT
Certain

support ~ S~

\ force @ @
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Brain

I'm probably
upright

Reduced the motion
sickness
) i 1 i [N i T .
/V&GTT= Weight IWelght Weight (Golding et al. 2006)
Big

support N /D Easily confused in the

(Debarba et al. 2017,
Pfeiffer et al.2013)

force - body-orientation
D : , perception

Vestibular sense (V) Proprioception Vision
Sensory Integration Process

Tianren Luo, Teng Han, et al., UIST 2022.
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THE NOBEL PRIZE
Receptorsin Skin IN PHYSIOLOGY OR MEDICINE 2021
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BIOLOGICAL PSYCHOLOGY 7e, Figure 8.4
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© 2013 Sinauer Associates, Inc.
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Wetness Perception Ratings
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Teng Han, et al., CHI 2020.
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Chutian Jiang, Teng Han, et al. IMWUT 2021.
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ﬁFreeCAD
File Edit View Tools Macro LinkageTool Windows Help
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’Bi q ‘ v ® e @ @ G @ g \ @ ﬁ ‘ Import Linkage Adjust Length Motion Simulation  Arduine Control

Combo View & X
Model Tasks

Labels & Attributes
Application
v @ Linkage Circular
v @ part1_001
4 axisCoincident_001_partd |
& planeCoincident_001_part<
15} axisCoincident_002_part2_
) planeCoincident 002_part:
15} axisCoincident 001_part1 1
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Report view & X Python console
active document Name =

i.ActiveDocument=Gui.getDocument |
partlLinkageTool.Activated()

.setActiveDocument | "partl”

ActiveDocument=App.getDocument ("partl"
i.ActiveDocument=Gui.getDocument ("parcl"

.setActiveDocument (""

.ActiveDocument=None
i.ActiveDocument=None

.setActiveDocument ("Linkage

.ActiveDocument=App.getDocument
i.ActiveDocument=Gui.getDocument

Start Solving System ======
TARGET PCS-ACCURACY :1e-05
REACHED POS-ACCURACY :9.96447698444e-06
TARGET SPIN-ACCURACY :1e-05
REACHED SPIN-ACCURACY :9.95662612076e-06
Sh SPIN-ACCURACY :19.95662612076e-06
System solved using partial + recursive
unfixing

v
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Preselected: part1_001 - Linkage _Circularpart1_001.Face8 (245.633, 363.648, 674.769) (O CADv 444.88 mm x 176.55 mm



Demonstration Scenarios

Nianlong Li, Teng Han, et al., UIST 2020. (Honorable Mention Awards, X5 &)
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Compact and Soft Actuators

&

Yu et al., Nature ‘19 Sonar et al., Soft robotics ‘20 Tacttoo, Withna et al., UIST 18
Electromagnetic Soft pneumatic Electrotactile

Compact structure + Softand thin + Wearability + Sufficient force

Electroactive Dielectric elastomer Material-type actuators

/ Non contact

1| “&

—

Soft contact

Prototype of wearable
fingertip tactile display
(Rubber skin removed)

Hard contact

Mun et al., haptics ‘18 Ji et al., Advanced Functional Materials ‘21 MagnetlO, Mazursky et al., CHI ‘21
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HapTag Design

Flexible Iayer —M—
Liqwddmlecty W — ——

L=
Electrode

D|e|ectr|c layer
Pressure sensor

Customized HASEL-based designs
« Stronger rendering capability
« Simpler fabrication process

' ' ' i Chen, Han, et al., ACM UIST 2022
* Support touch interactions on displays scenarios [Chen, Han, et a ]






Measurement

Time-displacement curves Measured displacement versus voltage
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Tactile Responses of HapTag

Self-Lock Button

. Press

“LOCk”

FORCE

. DISPLACEMENT

J\@ sensor: 0
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[Han, Yao, et al., npj Flexible Electronics, 2023]



- Machine Tactile Information feedback f Human

Central nervous system -

*‘ Control command
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