
Figure 1: Setup of the VRBox. The sand is
trackedwith 3 depth cameras from the top.
An HTC Vive is used for rendering. A Leap
Motion attached on the HMD tracks the
user’s hands.
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ABSTRACT
We present VRBox—an interactive sandbox for playful and immersive terraforming that combines
the approach of augmented sandboxes with virtual reality technology and mid-air gestures. Our
interactive demonstration offers a virtual reality (VR) environment containing a landscape, which
the user designs via interacting with real sand while wearing a VR head-mounted display (HMD).
Whereas real sandboxes have been used with augmented reality before, our approach using sand in

Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee
provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the
full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact
the owner/author(s).
CHI’19 Extended Abstracts, May 4–9, 2019, Glasgow, Scotland UK
© 2019 Copyright held by the owner/author(s).
ACM ISBN 978-1-4503-5971-9/19/05.
https://doi.org/10.1145/3290607.3313251

CHI 2019 Interactivity CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

INT037, Page 1

https://doi.org/10.1145/3290607.3313251


VR offers novel and original interactive features such as exploring the sand landscape from a first
person perspective. In this demo, users can experience our VR-sandbox system consisting of a box
with sand, multiple Kinect depth sensing, an HMD, and hand tracking, as well as an interactive world
simulation.
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Figure 2: External view on a user interact-
ing with VRBox (top) and his view in the
tabletopperspectivemode. Theuser is per-
forming a pouring gesture to place virtual
objects in the environment.

INTRODUCTION
Most people relate to playing with sand from their childhood days. This unstructured play opens room
for experimentation, exploration, or cooperation and helps developing important skills like creativity,
proprioceptive sensing, body and space awareness [5]. Natural materials like sand have also been
investigated as part of interactive systems (c.f. [2]). These materials are used because they naturally
offer rich multimodal feedback and often provoke emotional associations.
Whereas several research projects have explored sandboxes and its tangible affordances in aug-

mented reality (AR) environments (e.g., [1, 8, 9]), using real sand as interaction material in VR is a
novel and original approach. Similar to our VR approach, many AR sandboxes have been used for
interaction with geographical phenomena [4, 7] and for playful terrain exploration and design [1, 8].

In our work, we combine real sandboxes with VR interaction and thus provide a novel and original
system that explores natural physical materials in VR, gestural interaction, and teleporting in a
terraforming use case. The VRBox system has been recently published as a full paper without system
demonstration at CHIPlay 2018 [3], where it received an Honorable Mention, and, in an earlier version,
in 2017 as a Workshop presentation at a national workshop [10]. VRBox has not been presented
at a demonstrations track before, so CHI 2019 is the first scientific event where this work can be
experienced hands-on.

THE VRBOX SYSTEM
Setup
The original sandbox, which was used in a previously conducted expert evaluation [3], has a volume of
140 × 80 × 30 cm. The ground and the inner walls are covered with non-reflective cloth. Three Kinect
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v1 sensors are mounted on a railing 120 cm above the sand surface and capture the tracking volume
from three angles of an isosceles triangle. We use an HTC Vive as our VR platform. In additional, a
Leap Motion sensor is attached to the HMD to track and visualize the user’s hands. The setup runs in
Unity3D on a desktop PC. The entire setup is shown in Figure 1.

Figure 3: UI elements to adjust the envi-
ronment settings (top) and a collection of
assets that can be placed in the scene.

Figure 4: VRBox in first person perspec-
tive.

In the VR application, the terrain is represented in a blocky Minecraft [6] like style on a 98 × 59
mesh with 32 height levels. This resolution provides a good compromise between level of detail and
latency. To avoid the hands being mapped onto the terrain, we added a threshold at the top rim of the
box. Everything above the rim is ignored by the Kinect sensors, and the area underneath the hands is
marked as occluded. To increase performance, the terrain is split into chunks of 8 by 8 blocks. Only
those blocks that have been occluded by the hands for a duration of at least 6 frames (100 ms) are
updated. Since the incoming point cloud stream from the depth sensors is noisy, the height of each
block is updated gradually at a rate of 10 Hz to avoid jittering. When a new height value for a block is
provided by the sensors, the block is repositioned to that value, which takes up to 200 ms.

Application Scenario and Interaction
Our use case is a terraforming task where users form a 3D world of their liking with the sand and
extend their creation by adding a water level to create rivers and other waters, add different lighting
moods and decoration objects like trees, flowers, and castles. While standing in front of the sandbox
and wearing an HTC Vive HMD, users can enjoy the haptic interaction in the sand and explore the
corresponding landscape in virtual reality. Overall, they can interact with the sandbox in two modes:
In tabletop perspective (Figure 2) and in first person perspective (Figure 4). In tabletop perspective,
similar to AR sandboxes, users can sculpt the surface of the real sand and shape the terrain. Users
can select virtual objects (e.g., plants or buildings) via mid-air gestures from a menu (see Figure 3, top)
and place them into the scene using a pouring gesture above the sand. Also, users have control over
properties of the environment, such as water level and illumination via moving virtual objects (see
Figure 3, bottom). Moreover, users can place virtual spawn points into the environment. By locating a
dedicated virtual object to the sand surface and by performing a "looking up" gesture (moving the
head up), users can change to the first person perspective (Figure 4). In this mode, they can directly
enter the self-created virtual world and explore it from first-person perspective on a 1:1 scale by
relocating and looking around. Looking up again teleports them back into tabletop mode.

Presentation at the Demo Session
Currently the setup allows for single-user in-VR interaction. However, at the same time, multiple users
can form the sand and observe their modifications on a display located next to the sandbox setup.
Thus, the demonstration will be also interesting and comprehensible for bystanders. One exploration
session in VR should take approximately 3 to 5 minutes on average.
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CONTRIBUTIONS
With this prototype, we explore the integration of rich haptic interaction with natural materials into
virtual reality and present a solution for tracking and presenting real physical materials in VR. In
our informal user tests and in a previous expert evaluation we experienced that VR increases the
immersive and exploratory aspects of augmented sandboxes, leading to high levels of self-perceived
creativity and playfulness.
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