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Aero-plane: Kinesthetic haptic illusion of objects with moving center of
mass
Seungwoo Je, Myung Jin Kim, Woojin Lee, Hyein Lee, Ramkrishna Prasad, Andrea Bianch *
KAIST, MAKinteract Lab
E-mail: andrea@kaist.ac.kr

force-illusion of ball rolling

two jet-propellers
with duct

<Simulate weight changes over 2D surfaces>

2 ¢F (Summary)

Force feedback is said to be the next frontier in virtual reality (VR). Recently, with consumers pushing
forward with unthethered VR, researchers turned away from solutions based on bulky hardware (e.g.,
exoskeletons and robotic arms) and started exploring smaller portable or wearable devices. However,
when it comes to rendering inertial forces, such as when moving a heavy object around or when
interacting with objects with unique mass properties, current ungrounded force—feedback devices are
unable to provide quick weight shifting sensations that can realistically simulate weight changes over
2D surfaces. In this demonstration, we introduce Aero-plane, a force—-feedback handheld controller
based on two miniature jet—propellers that can render shifting weights of up to 14 N within 0.3
seconds. Participant of the workshop can experience ball rolling application and kitchen tool

application.
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[1] Cirio, G. et al. 2011. Six Degrees—of-Freedom Haptic Interaction with Fluids. /EEE Transactions
on Visualization and Computer Graphics. 17, 11 (Nov. 2011), 1714-1727.
DOL:https://doi.org/10.1109/TVCG.2010.271.

[2] Carter, T. et al. 2013. UltraHaptics. Proceedings of the 26th annual ACM symposium on User
interface software and technology — UIST '13 (New York, New York, USA, 2013), 505-514.
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Measurement—based Modeling and Rendering of Elasto—plastic
Deformation
Arsen Abdulali, Ibragim Atadjanov, Seokhee Jeon®
Kyung Hee University
E-mail: jeon@khu,ac.kr

HETd % A%

tracking
cameras

carriage
tracking markers

handle
Haptic
probe

rail

material sample mechanism

J ‘\/%L
Y

||F__

Elasto-plastic
model

Fig.1 Data-collection setup.

Fig.2 Rendering environment.

<Flgynte] 2 Al o]/d>
£ ¢F (Summary)

e In this work, we developed the framework for modeling and rendering elastoplastic
deformation. We built a data—collection system capturing the shape of elastoplastic deformation
of cylindrical material sample and corresponding response normal forces. We integrated the
multiplicative constitutive plasticity model into optimization—based Finite Element Method
(FEM) solver. The optimization-based FEM solver approximates the object’s deformation by
alternating local and global steps using ADMM principle. The local step, where non-linear
forces are computed, can be computed concurrently for an individual element. The global step
then finds compromise combination among all elements. The multiplicative plasticity model
decomposes the applied strain into elastic and plastic (permanent deformation) components.
Our rendering setup allows real-time simulation (250-300 Hz) of the elastoplastic deformation.
The demonstration attendees will experience the elastoplastic deformation of various materials

and geometric shapes.
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Realistic Haptic Rendering of Collision Effects
Using Multimodal Vibrotactile and Impact Feedback
R B R PO L P
L34 Pohang University of Science and Technology (POSTECH)
2 Korea Institute of Science and Technology (KIST)
E-mail: 'pcy8201@postech.ac.kr

Realistic Haptic Rendering of Collision Effects

Using Multimodal Vibrotactile and Impact Feedback

ﬂ
.\
Fi* =

R

e o g

<Multimodal Haptic Hardware>

£ F (Summary)

We present a system for multimodal haptic feedback, which combines impact feedback with
vibrotactile sensation to improve the realism of contact events in virtual environments. This hybrid
approach complements the limitation of each modality, like a low contact force of vibrotactile feedback
and a narrow frequency range of impact feedback.

The design of the multimodal haptic device includes a commercial voice coil actuator and a specially
designed 1-DOF impact actuator. When a user is grasping the multimodal haptic device with one hand,
our haptic device can selectively render the synchronized multimodal stimulus or each haptic stimulus
in a virtual collision simulation. For the simulation, we present three distinct virtual collisions, steel
ball and steel plate, wooden ball and wooden block, and rubber ball and concrete block, and the
graphics rendering also provided corresponding visual cues for the physical properties of the object
pairs.

To verify the effectiveness of the multi-modal feedback, we conducted a user experiment which
assessed the rendering quality of each method on virtual collision events of the various object pairs.
Experimental results demonstrated that our multimodal approach can contribute to critically expanding

the dynamic range of virtual collision simulation, especially between highly stiff objects.
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Data-Driven Haptic Modeling of Normal Interactions on

Viscoelastic Deformable Objects Using a Random Forest
257 1, Amit Bhardwaj?, H&5&°
L. 2. 3Pohang University of Science and Technology (POSTECH)
E-mail: 'hersammc@postech.ac.kr
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Wearable Soft Pneumatic Ring with Multi-Mode Controlling for
Rich Haptic Effects

Aishwari Talhan', Hwangil Kim!, Seokhee Jeon'
L7 8l st
E-mail: {aishwari99,ghkddlf95,jeon}@khu.ac.kr

Leap motion

trackeronHMD_ | ;

Sensor

| Control Module

—"'J

(c) (d)

<llustrated concept and use—case of our soft haptic ring: (a) a cut section viewof the multi-layer
membranes of the ring in a normal state, (b) pressurized state, (c) pressure control module and
examples of actuator’s positions of finger mounting, (d) illustrative scenario of VR/AR application

exploring the virtual textures and perceiving its haptic feedback>

L8 °F (Summary)
Common mechanical actuators for haptic feedback are generally dedicated to creating single kind of
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feedback, e.g., vibrotactile only [Choi and Kuchenbecker 2013], the pressure only, or shear force
only, [Girard et al. 2016; Pacchierotti et al. 2017]. This is against the fact that highly realistic fully
immersive VR/AR sometimes requires rather complete and rich multi—-mode haptic feedback. For
instance, when rubbing your finger on a wooden desk, the fingertip simultaneously senses both the
high—frequency vibration due to the roughness of the surface texture and the quasi—static pressure
due to pushing force, and your brain combines them to feel it as a wooden desk. The lack of any of the
involved physical signal may seriously deteriorate the realism. This may be one of the reasons why
current haptic interface technology for VR/AR environments is not at the same level as visual
interfaces.

Using multiple actuators having different covering bandwidth can be one of the solutions. However,
making different mechanical end—-effectors from multiple actuators share the same contact area on a
finger skin is not a trivial task. Besides, multiple hardware inherently makes the system bulky,
decreasing the usability, especially when wearability is one of the important requirements.

This paper presents our new haptic interface that partially overcomes the issues. The interface is a
soft silicone bladder and wearable, i.e., small and light enough to wear, to the finger as a ring. It is
capable of providing various haptic feedback including high pressure, high-frequency vibration (up to
250 Hz), and an impact to the finger simultaneously through a single end—-effector. Through our
empirically formulated controlling algorithm, the rendered pressure, the frequency of the vibration,
and the amplitude of the vibration can be precisely controlled.

We choose to use pneumatic actuation to a soft bladder due to the following reasons. First, pneumatic
actuation is small and lightweight (if combined with miniaturized valves and compressed air tanks) but
powerful, so is optimum when considering portability. Our device, for instance, can generate up to 2.2
G acceleration and 7.6 N force and weight only 250 gram. Secondly, the membrane of the ring—shaped
bladder used as an end-effector is very thin and flexible, so it can be not only used as a static
pressure contactor but also moves rapidly to convey vibration. More importantly, combined with a
high-pressure air source, the bladder can generate very fast changing pressure, which can be
perceived as an impact. As a result, the design of this bladder is one of the essential parts to realize
the multi-mode feedback. To our knowledge, vibrotactile feedback using a pneumatic bladder has not
been researched anywhere. The followings detail our approach.

The core part of our implementation is the soft ring end-effector. It consists of three layers: an inner
layer of stretchable material, an air cavity where compressed air enters from a hose connected to the
valves and air source, and an outer layer of the non-stretchable material (refer to fig. 1(a) and (b)).
When air pressure blows to the cavity, the stretchable material inflates inward and push the skin of the
user, while the non-stretchable material maintains the size and shape of the ring. The multi-layer ring
was cast using the Ecoflex 00-30 (Smoothon Inc.). Original silicone is stretchable, but we embedded a
nonstretchable fabric during standard silicone curing procedure when manufacturing the non-
stretchable membrane. To achieve precise control of the ring, two solenoid valves are connected to
the hose: a positive valve for inflating the bladder and a negative valve to release the air to deflate the

bladder.
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Neural Representation of Tactile Sensation
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Figure
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Tactile stemulation
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EEG Signal ® e

(a) (b) (©)

(a) Block diagram of the experimental setup. (b) Beta and gamma power spectral densities in the
middle frontal and parietal areas and beta power spectral densities in the bilateral parietal areas.

(c) Significant differences of functional connectivity in the prefrontal and interhemispheric areas.

Summary

Tactile sensation largely influences human perception, for instance when using a mobile device or a
touch screen. Active touch, which involves tactile and proprioceptive sensing under the control of
movement, is the dominant tactile exploration mechanism compared to passive touch (being touched).
This paper investigates the role of friction stimulation objectively and quantitatively in active touch
tasks, in a real human—computer interaction on a touch-screen device. In this study, 24 participants
completed an active touch task involved stroking the virtual strings of a guitar on a touch—screen
device while recording the electroencephalography signal. Statistically significant differences in beta
and gamma oscillations in the middle frontal and parietal areas at the late period of the active touch
task are found. Furthermore, stronger beta event-related desynchronization and rebound in the
presence of friction stimulation in the contralateral parietal area are observed. However, in the
ipsilateral parietal area, there is a difference in beta oscillation only at the late period of the motor

task.
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To analysis functional connectivity, phase locking values from alpha, beta, and gamma frequency
bands are extracted and compared during the absence and presence of tactile stimulation. Results
demonstrated an increase in the connectivity of beta and gamma bands in the prefrontal cortex in the
presence of tactile stimulation. Such increase is potentially associated with the development of
Bereitschaftspotential, which reflects the intention, planning, and execution of precise voluntary
movements. Another interesting finding was an increased interhemispheric connectivity in the absence
of tactile stimulation, which is associated with motor impairments. This study provides objective and
quantitative evidence that friction stimulation is able to affect the bottom—-up sensation and cognitive

processing.
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Interactive Virtual Fixture Generation Interface for Hard Contact Tasks in

Bilateral Teleoperation
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Constraint:
As coincides with A,

Constraint:
Ajparallel with NV

System for interactive virtual fixture generation applied to bilateral teleoperation setup. (a)
Experimental setup for studying the accuracy and the feasibility of the proposed method. (b) Human
operator workspace with input haptic device and the proposed user interface. (c) The diagram
demonstrating the core principle of the proposed interactive virtual fixture generation method on the
example of a nut bolting task.

8 °F (Summary)

Virtual fixture generation (VFG) is the main technical challenge of using virtual fixtures (VF) in
unstructured environments. In this work we introduce an interactive method of VFG that is intuitive,
accurate enough to perform hard contact tasks like nut bolting or peg in hole and has a vast potential
for further extension to a bigger variety of tasks.

The accuracy of the method is tested on peg in hole tasks where the pegs are randomly oriented. The
feasibility of the method is tested on tasks typical for remote maintenance or servicing scenarios, for

example: nut bolting, cable laying, valve turning, pipe sawing and constrained peg in hole.
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& TII {Micidie) éf_ 1 {index) III (Middle)

g ¢
5 30 30 7\ { i
E 'E bev— ! //\.-___xvxn__..
@ I [
o 20 / -9 E
E s I touch ;(MI:I:II } ﬁ ®
= A b o [
I (Middle}
E 0 ! ————— —
¢ 10 20 30 40 50 60 70 80O 0 10 20 30 40 50 €0 70 80
. Time (s) Time (s)

(c) 0 Simulated temperature change Expsrimental temperature change
"3 Paper cup G e by Thermo-haptic device
3 2 (k = 0.05 W m K1) 5 2 Papar cup
> o {k = 0.05W 1 K1)
E 4 E 4
2 Glass mug b%l ﬁ Glass mug
o b ¥ @ 6] (k=088 Wl K1
2 8 — £ ;

H Aluminum mug o Aluminum mug
g -10 (k=203WmTKY g 0l k= 203 W m- K1)
E
P2 (P
A4+ T T T T -14- . - . ¥ ¥ 1
0 2 4 6 8 140 2 4 € 8
Time (s) Time (s)
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719 AW Thermo-haptic &AHE o] &8 7Hd A Al A o] &2+ 2 B7F 7. (a) 7Hd =419 &%= Wl 7. 4
o] 2 2= o 2 7hA] Ay .o wE thermo-haptic 2#+¢] 2% W3S Vel o shdke] 13 3 ARl A
] 2ol gt 7 A 9 f A 0] & A& YERYL (b) A, AA, TRl 2AE S FAste] Al &

HAO R fEaE S HAF. (o) 2EET oY B4 1 S = Aol & & 7] A Al Bl At
T pzd

£ EY & thermo-haptic 2AE o] &3dlo] & ol AHAEEY & B4 (Fo], f7, dFvH)S 7+HSH
8 °F (Summary)

7pE Aol #3F 7] gab o] o] FojxHA HTC Viveyt Occulus Rift 5 A1ZF 2 HZto] #3 AHE A
G385 haptic FH|7F -8t At sEAIRE, #A] A2t} A Zbo] HlsiA] oW AREe] gk vt d
A A X (thermal information)& ZZ}toll Wit haptic A7 7Hd A oA & T4 13

& A7} o] Foj x| x| gtr). 017ke] ¥

al o] E FallA eN-SA I} wFg Z}

ol A 7EA 9 2t Foll M &7b3 Wzhe FAs] A ARl JEs gtk A2 AZF o] JE gl

o] R} AMETEY] HEFS SAA SEv= A 2% Apolnt ofuegt A EA(EHE)0] TE AlE
E7HA FEE = Qth webA IFA o ® Al Alovt Thed dis diel] FEE ¢ dvikd 7E
o 77t FEE o dAAC JHEA A 2"E 75 S A "k

2 Aol A = QA IR HghAHelal a1 AFAd S 2 ol E(wearable)$ thermo-haptic 2AHE Al
A HzxE Azsiglvh. deo] g3E o] &ste] st AR W7 AF WEs Fd W ds A
A2 FET 5 JA 3 PID AlojE Sl Bk o 48 44 S 1 8T F JdEF: 39

th Rk ofuel 2 Aol A e ASES FEH SR Sold F AL serpentine TFERE #olA Ty
= st AA 2A47F 230%7HA4 7o) ThsstmE she] Q1A = e & FAE =l At
o] Bes Hrksty] flaid ARES E71EE 2AUE EAAE 7 e e ARt ATk 7Y
oA tFe dE el AuEl e Gk WFEEE AW =AL AYAE s W 5 FESIST ®
gk i RS ARESte] 2% Y BN oyt GHAETE vE EEEY E44 248 298 Us

= AlEdeldd A4 dHeolHE Fto] HoHt oef Fo] Iy HspAola oy &3k thermo-
haptic &2b= A1ZFa HZbol vk Z]gkek dAA) 7HddA A AlAlel 273 WzbEs dete] B o dA A0 A
A 7HddaA AAE FF5e=d 719E A Aolt
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BAEM: A Toroidal Skin Locomotive Wearable Device
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Gear Rotation

LDPE Skin Movement

— Device Movement
<BAEM: EZol= FH ¥HS 2o I Y& o]sste dddE 717>
8 °F (Summary)
HZ Ao E 71717F A= A AEAH, 28 oo mE 93 Ak To dAS F535] 9

sk eto g FA ol dojel s 7]7lol didk Aol Folxa k. dlojeE V7|7 222 FAY 3
Al BozMm HA x| A e A AR AA, thekst H9je)] e weul Rof ol e B Aal TR A

EE A A, & ol MAR olgaof A, &AL
o me wE *éﬁlﬂ a8 h g V1FoR YA FAATL BAFE T WA ot
KX

¢l LDPE(Low-density polyethylene) &4 2

ja|

BAEME $E=93 @44 2 wEelQ delelR R, E
zolme) ML AL Wk 5A 34 s Jrk ABANE FH el X wElst o] a7
A whalh Ezol= EHe| URE Alolel 719 Wi @), ol we 24 LDPE e Ew #As

37
Mol Ao B Zo A Folus RYAS wolth 717]¢ il F4 ¢t
ol ARg-AF9 R
A A
BAEM®| i3 75 HAUSFS A, &
gk AT e A S5 ol gdl AM T
A3, Tactile =ML FH Y-

3 % gloe A

of thet I =ulS AREA FuhE] Hwke] Y 42 Qlo
B AAE #HAAste] doe] 1 dA|e] gk On-body

3 Squeezing ¥ =M T8 FrIH o R ALgAto A A
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