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Figure 1. A concept of a modular and reconfigurable room-scale shape display. (A) Displaying wayfinding guidance in public space. (B) Adaptive room
that becomes a chair, a table, or a bed. (C) Large-scale haptics for VR and AR. (D) Modular and reconfigurable blocks for on-demand assistance.

ABSTRACT
This paper introduces LiftTiles, a modular and reconfigurable
room-scale shape display. LiftTiles consist of an array of
retractable and inflatable actuator that is compact (e.g., 15cm
tall) and light (e.g., 1.8kg), while extending up to 1.5m to allow
for large-scale shape transformation. Inflatable actuation also
provides a robust structure that can support heavy objects
(e.g., 10 kg weight). This paper describes the design and
implementation of LiftTiles and explores the application space
for reconfigurable room-scale shape displays.
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INTRODUCTION
Shape display is a promising approach to general-purpose
shape-changing interfaces [1]. However, most of the existing
pin-based shape displays focus on interactions at the scale of
a human hand [4, 3, 5, 6, 7, 8, 10] because of the following
three technical challenges when trying to create a larger-size
shape display: 1) scalability: common electromechanical
linear actuators are difficult to scale to larger sizes due to cost
and fabrication complexity. 2) robustness: in a room-scale
shape display, each actuator must support heavy objects like
a human body, thus it must be robust compared to smaller
actuators. 3) deployability: existing shape-changing systems
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require substantial space for the mechanical actuators, which
introduces difficulties in installation.

To overcome these challenges, this paper introduces LiftTiles,
a room-scale shape display enabled by an array of retractable
and inflatable actuators. Each actuator is compact (e.g., 15cm
tall), light weight (e.g., 1.8kg), low cost (e.g., 8 USD), and
strong (e.g., withstand more than 10 kg weight). It can extend
up to 1.5m that allows for large-scale shape transformation.
Each inflatable actuator is fabricated with a plastic tube and
constant force springs. It extends when inflated and retracts
with the force of its spring when deflated. By controlling the
volume of internal air, the system can control the height of
the actuator. Compared to similar existing reel-based pneu-
matic actuators [2], our proposed design utilizes constant force
springs to allow for greater stability, simplified fabrication, and
stronger retraction force. This enables a large actuator that
expands from 15cm to 150cm, at a footprint of 30cm x 30cm.

Figure 2. A retractable inflatable actuator can extend from 15cm (A) to
150cm (C).

LIFTTILES: SYSTEM DESIGN
Each unit of LiftTiles consists of an inflatable plastic tube
(0.15mm thickness vinyl, 20 cm in diameter when inflated)
and two constant force springs (Dongguan Yongsheng Metal,
1.5 m in length, 2 cm in width, and 0.8 kgf load). One end (flat
side) of the spring is fixed to the bottom plate and the other
end (rolled side) is fixed to the top end of the tube (Figure 4).
Laser-cut base plate (22 cm x 22 cm) has two holes for air
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