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Figure 1. We propose a solely software based approach of simulating weight in VR by deliberately using perceivable tracking offsets. These tracking
offsets nudge users to lift their arm higher and result in a visual and haptic perception of weight.

ABSTRACT

Author Keywords

Virtual reality (VR) technology strives to enable a highly immersive experience for the user by including a wide variety of
modalities (e.g. visuals, haptics). Current VR hardware however lacks a sufficient way of communicating the perception of
weight of an object, resulting in scenarios where users can not
distinguish between lifting a bowling ball or a feather. We propose a solely software based approach of simulating weight in
VR by deliberately using perceivable tracking offsets. These
tracking offsets nudge users to lift their arm higher and result
in a visual and haptic perception of weight. We conducted two
user studies showing that participants intuitively associated
them with the sensation of weight and accept them as part
of the virtual world. We further show that compared to no
weight simulation, our approach led to significantly higher
levels of presence, immersion and enjoyment. Finally, we
report perceptional thresholds and offset boundaries as design
guidelines for practitioners.
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INTRODUCTION

Virtual reality (VR) Head-Mounted Displays (HMDs) are recently being released as consumer products (e.g. Playstation
VR, Oculus VR, HTC VIVE) and are currently strongly promoted by the entertainment industry. One of the big advantages of VR HMDs is the level of presence and immersion
they are capable of creating. While prior research on VR has
traditionally focused on technical or visual aspects to increase
the immersion, haptics has recently been identified as one of
the missing aspects which has also a significant impact on immersion and presence. In this paper we focus on one specific
aspect of haptics, namely weight.
Currently, there are two approaches to simulate weight in VR,
either using a physical actuator [21, 2, 31] or through visual
indicators [15, 16, 22, 23]. A drawback of physical actuators
is that they require a modification of the used controllers, and
that there is currently no technology or mechanism which is
capable of fully and realistically simulating the sensation of
weight. Software modifications share the advantage that they
can be applied in most of the currently available VR devices,
but are limited in their expressiveness in creating a perception
of weight, since visual cues are used as subtle as possible to
let users be unaware of any manipulation. In this paper, we
present a software based approach capable of simulating a
visual and a haptic perception of weight for tracking-based
VR devices (e.g. Oculus Rift, HTC VIVE).

