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ABSTRACT
This demo presents Refinity - an interactive holographic signage for the new retail shopping experience.
In our demo, we show a concept of futuristic shopping experience with a tangible 3D mid-air interface
that allows customers to directly select and explore realistic virtual products using autostereoscopic
Figure 1: (a) A concept diagram and (b)
user frontal view of the demo. A user is interacting with a binocular illusion of virtual product displayed in mid-air. Ultrasonic vibration is provided when the virtual product is touched.
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3D display combined with mid-air haptics and finger tracker. We also present an example of in-store
shopping scenario for natural interactions with 3D. This shopping experience will engage users in
producing a memorable in-store experience with the merging of digital and physical interactions.

Figure 2: Kiosk setup. Users interacting
with the virtual 3D product with mid-air
haptic feedback. Total size of the kiosk is
169 cm (H) × 200 cm (W) × 96 cm (D) with
a stool installed in the middle of the base
plate. The 3D monitor was placed on the
top, and the haptics display along with
leap motion was placed underneath the
monitor.

INTRODUCTION
Shopping in brick-and-mortar stores is an integral part of our everyday lives, whether for food, clothes,
furniture or home supplies. These offline stores continue to play an important role in providing a level
of tangibility and physical connection. Top online retailers have ventured into physical stores like
Warby Parker showrooms, Amazon’s Wholefoods, and Alibaba’s Hema. It now becomes important to
create not only seamless online and offline experiences but also ways to further enhance the physical
shopping experience. Through the integration of interactive immersive technology such as VR and
AR, an engaging product experience can be instilled to form consumer interest. Physical shopping is
entering into an age of new retail as consumers expect seamless experiences with deeper levels of
personalization and memorable engagement to complete the purchase cycle.
The integration of VR and AR into digital signages create a more immersive and engaging experience
but is still limited by the unnaturalness of wearing headsets [2, 3] or need to look through a limited
mobile screen [1]. Since in-store shopping experiences should be seamless and convenient, natural and
tangible user interaction with realistic 3D product experience is essential. It is important to explore
the opportunities to design a completely new retail digital signage that can provide more realistic and
natural shopping experiences without wearing any dedicated equipment.
This demo illustrates an interactive holographic signage for a new retail shopping experience called
Refinity (see Fig. 1 and Fig. 2). Refinity provides a tangible shopping experience using glasses-free
autostereoscopic 3D display combined with eye-tracking, mid-air haptic display, and finger gesture
interaction of 3D products. These unified technologies with seamless natural interaction schemes
allow customers to have enriched experiences with realistic virtual products in mid-air. The main
contribution of our demo is that we show one promising direction towards the next generation of
in-store digital signage. By utilizing natural interaction with virtual products, our demo shows how
customers can have seamless and personalized shopping experiences. Since there exists no such 3D
user interface that adopts natural and tangible interactions in mid-air, there is therefore a need to
carefully design what it should be. We believe that our demo aims to fill this gap.
DEMONSTRATION SETUP
Our demonstration setup consists of an autostereoscopic 3D display (SeeFront SF32-320MP), ultrasound haptics display (Ultrahaptics Stratos), and a leap motion hand tracking sensor (see Fig. 3 for
complete demo setup). The 3D display has built-in eye-tracking system with auxiliary IR illumination
which tracks user’s eyes in real-time to deliver two different stereoscopic images into each eye with
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greater parallax and depth perception. This allows the user to directly manipulate the binocular
illusion that is formed right in front of the user’s eyes (convergence distance is around 300 mm).
To provide holographic tactile interaction with a 3D virtual product, we used the Ultrahaptics
evaluation kit to deliver mid-air haptics feedback. The ultrasound haptic display was placed in front
of the 3D display and tactile feedback was provided upward to be matched with the binocular illusion
that was formed in mid-air. The leap motion was also placed along with the ultrasound display to
track the position and pose of the user’s hands. The positions of the real hand, hidden virtual hand,
and virtual object are calibrated and aligned very carefully in order to provide seamless 3D viewing
and touching experiences. Unity is used as a unified interaction platform using two virtual cameras
for stereoscopic views.
Figure 3: Demonstration setup. The 3D
display (SeeFront SF3D-320MP: 32" autostereoscopic 3D display with 3840 ×
1260 pixels UHD panel) has optimal viewing distance of 700 mm and convergence
distance is around 300 mm, providing optimal distance for direct touch and tangible interaction with 3D. Ultrasound display (Ultrahaptics Stratos) has a 16 × 16
planar array of transducers which emit 40
kHz ultrasound in upward direction with
a width of 80 degrees.

Figure 4: A virtual living room scene.

INTERACTION DESIGN AND SCENARIO
The user is placed within a virtual living room to naturally interact with products in five ways: point
to identify, grab to select, rotate to preview, swipe to browse other options and push back to
place back. These five interaction schemes were identified through a pilot study to design the most
natural and intuitive user interactions to perceive more directly engaged of the 3D mid-air interface.
The living room is decorated with an array of furniture and home decor products to visually engage
users to explore (see Fig. 4). The user can freely browse the room and identify products of interest, to
pick up, feel and interact with the product before placing it back to its original position. As the user
browse, he/she can intuitively point to identify the product of interest (see Fig. 5(a)). Finger pointing
at objects at a distance is implemented using raycast originating from both index finger and virtual
cameras. We set the virtual cameras (user’s eyes) as a reference point and calculated a direction vector
using index finger and virtual cameras as relying purely on the direction of the index finger causes
troublesome (e.g. when the user makes a follow-up gesture like grab). Once the selectable product is
reached, a slight highlight indicates the user vicinity to product. The user can then grab to select
the product and bring the product forward for closer exploration (see Fig. 5(b)).
The product floats towards the user, appearing right in front of his/her eyes as a mid-air 3D object
for the user to rotate to preview (see Fig. 5(c)). Like a physical object, the user can freely rotate it in
360 degree upon reaching out and holding the 3D product in mid-air. Since it is a virtual object, we
introduced mid-air haptic and auditory feedback as guidance for the user in understanding when
his/her hand reaches the floating product. The user also has the opportunity to swipe to browse
other product options by swiping either to the left or the right (see Fig. 5(d) and (e)). The user can
also interact with these other product recommendations by freely rotating them before making the
decision to choose a product. Upon choosing a product, the user can intuitively push back to place
back the product into the living room (see Fig. 5(f)). The chosen 3D product (which is the product
being displayed in front of the user) will then float back into its original position in the living room.
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One of the technical challenges in designing and implementing our interaction schemes is 3D
product rotation. We observed that there’s an inconsistency of user’s 3D depth perception of negative
parallax (3D object towards user’s eyes) when user’s hand is involved. This is highly due to the fact
that there clearly exists visual-physical conflict; users heavily rely on visual cues to locate their physical
hands for manipulating virtual object (binocular illusion) when their virtual hands are not showing in
the scene. This further makes confusion between the user’s visual cues and proprioception (sense
of the relative position of one’s own parts of the body) since proprioceptive signals can be stronger
about hand in depth although vision is usually much stronger than proprioception [4]. We minimized
this visual-physical conflict by using a method called sensory substitution - a method to replace one
sensory modality with another modality to supplement environmental information. We provided
additional visual and auditory cues along with the sense of touch using mid-air haptic feedback. Since
direct object manipulation requires to convey significant spatial information, visual highlighting with
appropriate auditory and mid-air haptic feedback can effectively enhance the sense of control.

Figure 5: Interaction schemes: (a) point to
identify; (b) grab to select; (c) rotate to preview; (d) and (e) swipe to browse other options; and (f) push back to place back.

CONCLUSION
We demonstrated Refinity. Refinity offers a novel shopping experience for consumers to naturally
interact with virtual products in mid-air, as if they are real physical products, to try in real-life
situations. We demonstrated a shopping scenario in five interaction schemes: point to identify, grab
to select, rotate to preview, swipe to browse other options, and push back to place back. We also
explored and tackled a number of challenges involving visual-physical conflict and space mapping.
While our demo is still an early prototype of interactive holographic signage, we showed a promising
solution to engage users in producing a memorable in-store experience by adopting natural and
tangible interactions in mid-air. We believe we took the first step towards defining and designing a
new retail digital signage that will contribute in the area of mid-air 3D interface.
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