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ABSTRACT
This paper gives an overview of our work-in-progress prototype
of a textile-pneumatic force-feedback system that augments the
user-interaction on touch-sensor strips with interactive tactile cues.
Air-pressure inside a shape-changing textile actuator is dynami-
cally modulated, to create a perceivable pinch-like impression at
the user’s fingertip. This dynamic pneumotactile pinch can be lever-
aged as a tangible output modality for interaction design. The soft
actuators are driven by a pneumatic control system that adjusts
the pneumatic pressure in response to the finger position. We have
explored different textile air-chamber layouts to achieve tactile
feedback and provide a preliminary discussion of their tactile ca-
pabilities and design patterns. We further give a brief overview of
three different pneumatic control system architectures and their
underlying tactile pressure profiles used to operate the actuators to
create different types of tactile sensations. A preliminary discussion
of the capabilities, challenges, and limitations of our system is also
provided.
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1 INTRODUCTION: BACKGROUND &
MOTIVATION

Our prototype of a touch fader with force feedback, presented in
this paper, leverages pneumatic shape-change to create tactile sen-
sations with variable force output. Fluidic actuation (i.e. pneumatic
or hydraulic) has long been commonplace in industrial automation
andmanufacturing. Soft andmalleable actuators with fluidic control
are particularly interesting for the design of shape-changing user
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interfaces, due to their unique mechanical capabilities and organic
deformation behavior [1, 2, 6]. The use of soft, flexible, and mal-
leable inflatable structures for shape-changing and shape-variable
user interfaces [29] can be exploited to reduce the mechanical com-
plexity of tactile actuators, by leveraging the natural deformation
properties of the material. Our system uses this principle, to create
dynamic tactile feedback with textile inflatable actuators that phys-
ically pinch the users’ fingertip, as the finger moves across a touch-
and pressure sensitive sensor strip. This so-called pneumotactile
feedback [8] enables novel ways of tactile, non-visual interaction,
by providing tactile cues to augment various interaction scenar-
ios with multimodal feedback. This could be leveraged for serious
games [20], to support accessibility, or provide physical engage-
ment and assistance [17, 23, 27] – particularly in the context of
elderly care and physical rehabilitation. Other application scenar-
ios might include: Interactive smart-home appliances, adjusting
volume levels on audio mixing consoles, controlling parameters in
application software, or tangible interaction with computer games.
Our system can also be configured to generate dynamic tangible
cues from time-based data sets and could thereby also enable basic
data-physicalization [13] tasks, such as silent tactile identification of
musical tracks [15] by touching the slider surface on touch-enabled
mixing desks1 or similar applications.

1.1 User Interaction: Pneumotactile Pinch
As the user places their finger on the touch-fader, the pressure
in two textile air-chambers, located laterally on both sides of the
finger, is dynamically adjusted in response to the position and
applied manual pressure of the fingertip, sliding along the interface.
This pneumotactile [8] pinch output effectively enables the creation
of dynamic tactile patterns (see section 2.3) that must be actively
scanned by the user’s finger, to obtain localized tactile impressions
of variable intensity for a given finger position. The resulting tactile
sensations are perceived either as physical detents (dynamic tactile
rasterization, see: 2.3.1) to indicate the finger position on the slider,
or to delimit tactile zones. The system can also output continuous
tactile pulses of variable intensity (dynamic tactile feedback, see:
2.3.2), independent of the finger position. Both types of (single-
touch) feedback are created dynamically, based on an underlying
control pattern or data-source.

1.2 Scope & Contributions
Our work-in-progress prototype of a tangible-force feedback touch
slider makes the following contributions:

• A proof-of-concept interface prototype consisting of a tex-
tile, pneumatic actuator on a linear touch-sensor strip, that

1such as, e.g.: https://www.keithmcmillen.com/products/k-mix/
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