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Within the context of the annual SIGGRAPH conferences, the International Resources
Committee produces audio guides and written transcripts of works shown at the Emerging
Technologies. Presented in different languages, these allow the works to become accessible
to our international visitors, as well as anybody who is unable to attend the conferences.
Hosted on various sites (including SIGGRAPH.org and iTunes), the files also serve as
archival reference for future interest and investigation. We hope you enjoy this description
of fabulous technology works.
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See, learn, touch, and try the state of the art in human-computer interaction and robotics.
Emerging Technologies presents work from many sub-disciplines of interactive techniques,
with a special emphasis on projects that explore science, high-resolution digital-cinema
technologies, and interactive art-science narratives.

Adaptive Dynamic Refocusing: Toward Solving Discomfort in Virtual
Reality
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This approach to reducing discomfort in virtual reality eliminates the vergence-accommodation
conflict, a fundamental flaw that affects all commercial headsets available today.

It replaces traditional lenses in a head-mounted display with a focus-adjustable optical system
that provides accommodation cues consistent with the true depth of an observed object. In
addition, it takes into account the visual prescription of the user to enable virtual reality without
eyeglasses.
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Altered Touch: Miniature Haptic Display With Force, Thermal, and
Tactile Feedback for Augmented Haptics
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This fingertip haptic display with integrated force, tactile, and thermal feedback in a miniature
form-factor can be worn easily and used with augmented reality applications without affecting
existing tracking technologies.

It can be used to alter the haptic properties of real objects by rendering projected visual and
haptic feedback. The system consists of a custom force-display mechanism (Gravity Grabber)
to render vertical forces, shearing forces, high-frequency tactile vibrations, and a Peltier module
for thermal display.

The integrated haptic display module weighs less than 50 grams, can be easily interfaced to a
PC with just one micro USB cable, and works independent from additional hardware. The
Altered Touch display could be expanded to design a haptic glove that can interact with both
virtual and augmented worlds.
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AoEs: Enhancing Teleportation Experience in Immersive
Environments With Mid-Air Haptics
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Many research groups have shown that haptics feedback is an important method of enhancing
immersive experiences with head-mounted displays. However, haptics feedback from various
natural environments (for example, deserts and snow), requires many devices in the real
environment to simulate the sun, airflow, humidity, and temperature.

Area of Elements (AoESs) is a new haptics technology that augments multiple tactile sensations
in immersive environments, users receive visual, auditory, and tactile feedback via a steerable
mid-air haptics device and a head-mounted display.
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atmoSphere: Designing Cross-Modal Music Experiences Using
Spatial Audio With Haptic Feedback
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Haruna Fushimi, Daiya Kato, Youichi Kamiyama, Kazuya Yanagihara, Kouta
Minamizawa, Kai Kunze
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atmoSphere uses spatial audio and haptic feedback provide immersive music experiences.
Through its combination of spatialized music and a sphere-shaped device that provides haptic
feedback, users imagine large sound environments and feel haptic sensations in their hands.
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Bottomless Joystick 2
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Yuichiro Katsumoto
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With a motor-powered gimbal mechanism, a counterweight, and an inertial measurement unit,
this interface makes a virtual anchoring point in midair, where it provides a haptic sensation
similar to that of a conventional joystick.
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Cardiolens: Remote Physiological Monitoring in a Mixed=Reality
Environment
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Cardiolens is a novel system that allows users to view “hidden” physiological signals (blood flow
and vital signs ) in real time by simply looking at the people around them.

In Cardiolens, a commercially available augmented reality headset is modified to both measure
and visualize physiological signals. A front-facing camera captures ambient light reflected from
the subject's face and analyzes the light to compute blood-volume pulse and vital signs.
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Demo of FaceVR: Real-Time Facial Reenactment and Eye-Gaze
Control in Virtual Reality
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This novel method for gaze-aware facial reenactment in virtual reality applies a robust algorithm
to real-time facial motion capture of an actor who is wearing a head-mounted display (HMD). It
also features a new data-driven approach for eye tracking from monocular videos and
incorporates photo-realistic re-rendering in real time, which allows artificial modifications of face
and eye appearances.
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DIY Position Tracking Add-On for Mobile AR/VR
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Fangwei Lee
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This DIY add-on integrates position tracking on mobile VR devices to enable a wide variety of
activities that require hand manipulation. It enables distribution of therapeutic content that
involves embodiment and hand-eye coordination to mobile VR users.

Attendees can build their own controllers and participate in mindfulness exercises.
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GVS RIDE: A Novel Experience Using Head-Mounted Display and
Four-Pole Galvanic Vestibular Stimulation
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Kazuma Aoayma, Daiki Higuchi, Kenta Sakurai, Taro Maeda, Hideyuki Ando

INUT N

GVS RIDE induces tri-directional acceleration and enhances virtual acceleration (lateral,
anteroposterior, and yaw rotation) to deliver realistic experience using four-pole Galvanic
Vestibular Stimulation (GVS) and a head-mounted display (HMD) in synchronization.
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HangerON: A Belt-Type Human Walking Controller Using the Hanger
Reflex Haptic Illusion
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Yuki Kon, Takuto Nakamura, Hiroyuki Kajimoto, Rei Sakuragi, Hirotaka Shionaoiri,
Seitaro Kaneko
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This walking maneuvering method uses the Hanger Reflex, an illusory phenomenon caused by
haptic stimulus, to manipulate walking direction.

Mounted on the user's waist, it causes a rotating left-right movement to manipulate walking
direction. The demo includes three applications of the method: normal walking navigation that
automatically achieves a destination, remote control of one user by another user, and user-
controlled walking.
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HangerOVER: HMD-Embedded Haptics Display With Hanger Reflex
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Yuki Kon, Takuto Nakamura, Hiroyuki Kajimoto, Yasuyuki Yamaji, Taha Moriyama
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Using the Hanger Reflex (in which the head rotates unintentionally when appropriate pressure
distribution is applied to it), its Head Mounted Display-embedded haptics display provides both
tactile and force.

As it accompanies illusory external force and motion, it can be used to express events in VR
environments, such as being pushed and punched by a game character. The device is
composed of air-driven balloons that can express touch, pressure, motion, force, and vibration.
It not only improves the immersive VR experience, but it also extends game creators' freedom of
expression.
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Hapbeat: Single DOF Wide-Range Wearable Haptic Display
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Minatsu Takehoshi, Yuji Tsukamoto, Testuaki Baba
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The device transmits forces to a wider area of the body than conventional vibrators, and while
vibrators have a limited linear stroke, motor rotation is not restricted. In contrast to conventional
vibrators, Hapbeat moves only light coreless rotors and a string. For sound listening, these
features are turned into sensations of strong low-frequency air movements from drums or
cannons and high-fidelity vibrations of acoustic instruments.
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HaptoCloneAR: Mutual Haptic-Optic Interactive System With
Superimposed 2D Image
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Kentaro Yoshida, Yuuki Horiuchi, Seki Inoue, Yasutoshi Makino, Hiroyuki Shinoda
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The system enables two users sitting side by side to interact mutually with haptic feedback. It
optically clones 3D volumetric images with a pair of micro-mirror array plates, and it uses
displays and half mirrors to superimpose atrtificial images on 2D displays.

One user sees a cloned image of the opposite user's face behind a virtual floating screen. When
the cloned or superimposed images converge, airborne ultrasound tactile displays deliver haptic
feedback at the exact contact position. The result is effective augmented reality without glasses

or gloves.
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Infinite Stairs: Simulating Stairs in Virtual Reality Based on Visuo-
Haptic Interaction
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Ryohei Nagao, Keigo Matsumoto, Takuji Narumi, Tomohiro Tanikawa, Michitaka
Hirose

Infinite Stairs is a novel visuo-haptic technique that simulates the sensation of walking up and
down stairs in a virtual environment, even though users walk on a flat surface in a real space.
The haptic stimuli provided by a small bump under users' feet correspond to the edge of the
stair in the VE, and the visual stimuli of the stairs and shoes, provided by the HMD, evoke visuo-
haptic interaction.

Infinite Stairs enables users to experience any type of virtual stairs, including Penrose stairs, in
a virtual reality setting.

TR BRI AR - TS AR N MEell - B 2R MR TRE -

THSFRER R | PEEFRRHRIDIRIEL - SvE RIS R SN - HHM DR R IR ARIDIR A - I95EE A5
FRDIEGTE -

TR A BB - B Penrose MRS THEDEISIRRED -



Membrane AR: Varifocal, Wide-Field-of-View Augmented Reality
Display From Deformable Membranes
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David Dunn, Cary Tippets, Kent Torell
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This augmented-reality display combines combining hyperbolic half-silvered mirrors and
deformable membrane mirrors to create virtual imagery at a desired depth level within a wide
field of view with the promise of a more comfortable user experience.
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MetaLimbs: Multiple Arms Interaction Metamorphism
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Tomoya Sasaki, MHD Yamen Saraiji, Kouta Minamizawa
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Charith Lasantha
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MetaLimbs adds two robotic arms to the user's body and maps the global motion of legs and
feet relative to the torso. It also maps local motion of the toes. Then it maps these data to arm
and hand motion, and to fingers gripping the artificial limbs, adds force feedback to the feet, and
maps the feedback to the manipulator's touch sensors. Arm functions can be customized to
achieve new kinds of interactions from an egocentric point of view.
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Mid-Air Interaction With a 3D Aerial Display
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Seth Hunter
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This volumetric display enables mid-air interaction with 3D renderings without requiring a head-
mounted apparatus. The display is specifically suited to the properties of a micro-mirror
reimaging glass, to position a 15cm volume at a comfortable height and allow viewers to reach
in and around the display.

It employs interaction techniques that provide haptic feedback and mitigate occlusion conflicts
between the hand and the virtual volume during direct manipulation.

AN HID AT BRI, B RA BDIER, R enas T SRt - ol iERa
AT L 5 R - L O e )




Non-Line-of-Sight MoCap
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Jonathan Klein, Matthias Hullin, Christoph Peters
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The first non-line-of-sight sensing system that offers real-time tracking of objects hidden from
the camera by an occluder. It uses an off-the-shelf intensity camera instead of expensive time-
of-flight hardware.

Viewers can freely move the occluded object around in the hidden scene, while the camera
setup on the other side of the wall reconstructs the object position and orientation in real time.
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Real Baby - Real Family: Age-Controllable VR Avatar From 2D Face
Images
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Rex Hsieh, Yuya Mochizuki, Takaya Asano, Marika Higashida, Akihiko Shirai
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Real Baby - Real Family is an entertainment VR baby-avatar-generation system that includes
visual, audio, and haptic feedback; a physical baby form; and a virtual baby whose face is
generated by combining two photos of the players. The project simulates a complete baby-
nursery experience.
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Submerged Haptics: A 3-DOF Fingertip Haptic Display Using
Miniature 3D Printed Airbags
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Yuan-Ling Feng, Charith Lasantha Fernando, Jan Rod, Kouta Minamizawa
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AeroFinger is a novel method of creating wearable fingertip haptic displays. It is made of 3D-
printed rubber-like material so that the display size, strength and shape can be customized by
the user. It is very lightweight, uses no electro-mechanical actuation to render the three-degree-
of-freedom force-feedback sensation, and small enough to fit on the fingertip.
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Touch Hologram in Mid-Air
firh 4534 B A 2

Julien Castet, Cédric Kervegant, Felix Raymond, Delphine Graeff
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This demonstration adds a method for touching the objects, based on a touch development kit
from Ultrahaptics, the only mid-air tactile feedback technology. It provides a touch feeling
without any mechanical equipment in the visualization area (which would be inconsistent with
the hologram concept). Touch Hologram in Mid-Air is unique in giving physical presence to
intangible objects.
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TwinCam: Omni-Directional Stereoscopic Live-Viewing Camera-
Reducing Motion Blur During Head Rotation
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Kento Tashiro, Yasushi Ikei
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This omni-directional stereoscopic live viewing camera system was developed to reduce motion

blur and latency during head rotation of remote users wearing a head-mounted display. Two
omni-directional cameras are mounted on a movable rig to provide real-time parallax.
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Varifocal Virtuality: A Novel Optical Layout for Near-Eye Display
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Augmented reality (AR) has recently gained momentum from a variety of available optical see-
through near-eye displays (NEDs), including the Meta 2 and the Microsoft Hololens. But they
are still limited. Their graphics images are at a constant virtual distance from the eye’s
accommodation mechanism, while the vergence of the two eyes working in concert places the
virtual object(s) at a distance other than the accommodation distance.

This project employs a novel wide-field-of-view (FOV) optical design that can adjust
accommodation depth dynamically so that the presented virtual scene is at the correct
accommodation distance with computational blur to match the vergence.
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Wired Muscle: Generating Faster Kinesthetic Reaction by
Interpersonally Connecting Muscles
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Jun Nishida, Kenji Suzuki
BN PN

Shunichi Kasahara
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Wired Muscle connects muscle activities between two persons using electromyogram
measurement and electrical muscle stimulation to generate responsive movements that are
faster than those generated by the visual information-based process.

The system detects the muscle activity of a person by the EMG and triggers the EMS to drive
the muscle of the other person to induce corresponding counter movements. Some participants
perceive that the kinesthetic reaction was performed by their own will even though the muscle
movement was electrically driven by prior stimuli.
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