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Figure 1. The user wearing a head-mounted display sees a small hemisphere. The tactile feedback is provided with a shape display. Instead of rendering
the small hemisphere (top), the shape display renders a larger hemisphere with higher resolution (bottom) that is mapped to the virtual shape by
altering the user’s perception of scale and redirecting the finger.

ABSTRACT

INTRODUCTION

In this work, we utilize visuo-haptic illusions to improve the
perceived performance of encountered-type haptic devices,
specifically shape displays, in virtual reality. Shape displays
are matrices of actuated pins that travel vertically to render
physical shapes; however, they have limitations such as low
resolution, small display size, and low pin speed. To address
these limitations, we employ illusions such as redirection,
scaling, and retargeting that take advantage of the visual dominance effect, the idea that vision often dominates when senses
conflict. Our evaluation of these techniques suggests that redirecting sloped lines with angles less than 40◦ onto a horizontal
line is an effective technique for increasing the perceived resolution of the display. Scaling up the virtual object onto the
shape display by a factor less than 1.8x can also increase
the perceived resolution. Finally, using vertical redirection a
perceived 3x speed increase can be achieved.

Recent advances in technology have brought Virtual Reality
(VR) closer to a visually immersive experience. Haptic feedback technology, however, has not yet reached this level of realism, as users are unable to touch and manipulate virtual objects
the same way they interact with real ones. Encountered-type
haptic devices, such as shape displays, aim towards bridging
this gap by providing a physical object to the user, as opposed
to creating the sensation of force or tactile feedback. The
advantage of encountered-type haptics over other solutions
(externally grounded [34], wearable [9, 40], handheld [7], and
mid-air [44, 37]) is that they do not require the user to wear
a device or hold a controller. Moreover, they allow haptic
exploration of virtual objects not only through a single point
or finger tip, but with the entire hand.
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Shape displays are matrices of actuated pins that travel vertically and can be used as an encountered-type haptic solution
in VR, by rendering various 2.5D geometries [31]. However,
the current size and cost of linear actuators and shape display
hardware poses some limitations on their use as a haptic device
[12]. These limitations include:
1. Spatial resolution: most shape displays use one actuator per
pin, and the relatively large size of these actuators limits
the resolution of the display. The low resolution affects the
smoothness of the surface [19] and constrains the complexity of the content that can be represented in VR [30].
2. Display size: the cost and complexity associated with
adding more actuated pins limits the size of the interaction area, the virtual space for which haptic feedback can
be provided.

