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Figure 1: GadJets: Air jet nozzle may actuate “windmill” GadJet module from 40-cm distance, and inflate “paper balloon” GadJet

module from 86-cm distance.

ABSTRACT

We propose GadJets, an approach to remotely actuating passive
materials and mechanisms using air jets for interactive and shape-
changing tangible user interfaces (TUIs). Compared to previous
HCI research in remote actuation, air jets offer relatively strong,
distant, and safe actuation with simple control. Leveraging these
advantages, we can selectively actuate multiple passive materials
and mechanisms (or GadJet modules) using only one actuator. We
defined a design space to outline the basic architecture and gen-
eralizable primitives for air-jet-based TUIs. Also, we exemplified
our approach with diverse GadJets modules and proof-of-concept
implementation of a computer-controlled air jet system. Finally,
we developed a visualization system of the estimated air range
based on pre-collected data to support user control. With the vision
of deploying multiple passive GadJet modules in an environment
fused with the actuated air jets, we demonstrated applications of in-
teractive tabletop objects, an actuated workbench, and an actuated
shelf.
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1 INTRODUCTION

From windmills to Japanese paper balloons — air-activated toys,
or gadgets of our childhood, have provided us with unique, mag-
ical mind-blowing experiences, by making movements or shape-
changing behaviors simply by blowing air into them without di-
rect contact. Air, as a driving force, has the potential to serve as
a powerful medium for remotely actuating passive materials and
mechanisms.

Particularly, air jets—compressed, condensed streams emitted
from a nozzle—can deliver strong air currents over long distances
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in a safe and simple manner. Compared to other air delivery meth- leveraging air jets as a new medium to actuate passive materials
ods, such as fans, air jets are notably stronger and more precise and mechanisms from a distance for shape-changing and actuated

with focused air. Thanks to these characteristics, air jets have been
employed in haptic research to achieve non-contact, strong, and in-
stant force feedback[7, 28 35. On the contrary, our paper focuses
on another unexplored capability of air jets, i.e., selective, recon g-
urable, non-contact actuation of passive materials and mechanisms
for interactive, shape-changing, and actuated tangible user inter-
faces (TUIs).

Previous research in Human-Computer Interaction (HCI) has
explored the remote, non-contact actuation of passive objects and
materials using magnetic forceg,[11], ultrasonic acoustic levi-
tation [20, 21], lasers [L{, continuous air ow [1, 39, and so on.
However, these methods often face limitations such as restricted
distance (L1, 20), relatively weak force of actuation (lifting 1.2 g
polystyrene balls in 89 and similarly lightweight polystyrene balls
in [1]), concerns about safetyl[], and complex control require-
ments. In contrast, air-jet-based actuation o ers relatively strong,
distant, safe, and simple control through bursts of high-velocity
air for activating passive mechanisms and materials, which remain
largely unexplored in the HCI domain.

To this end, this paper introduces a method to computationally

TUIs.
The contributions of this paper are:

an approach to use air jets to actuate passive materials and
mechanisms (GadJet modules) from a distance;
a design space that outlines an overall architecture of actu-
ated air jets and passive modules, and primitive elements for
the modules' design to support diverse actuation;
a proof-of-concept implementation and a generalizable work-
ow of data collection for enhanced air jet targeting, and a
technical evaluation of the system;
application examples that exemplify how the approach can
enrich future interaction with tangible objects and physical
environments.
a discussion of challenges and limitations for the approach
of GadJets

2 RELATED WORK

2.1 Non-Contact Actuation of Passive Objects
HCI researchers have explored di erent actuation methods on pas-

control air jets to actuate passive materials and mechanisms, which Sive objects to enhance their interactivity. Besides the straightfor-
we de ne as GadJet modules (Figure 1). By harnessing the air jets, ward method to manipulate passive objects and modules in con-
we can keep the GadJet modules passive, electronics- and battery-tact with actuated devices4, 26 33, there is a growing body of

free. Therefore, the approach of GadJet aims to add a novel non- fésearch on “non-contact' actuation. Various technical approaches

contact actuation method within the realm of HCI, speci cally in
interactive, programmable responsive material researHy, 16
33, 36].

To explore this novel approach, we de ne a design space for
GadJets, which lays out the basic architecture and primitive design

have been investigated within this realm. For example, acoustic
levitation has been actively developed to actuate small particles in
mid-air [7, 20 22 25, which are unique in precisely controlling a
number of small particles in 3D, while it is limited to light objects
over relatively small distances. Magnetic force is also actively em-

elements for the GadJets modules. This includes how GadJet mod-Ployed to actuate objects from under-table surfaces, as in Actuated

ules should be structured (e.g., air receiver, in atable, windmill, one-
way valve). Our proof-of-concept implementation demonstrates
this design space through computationally controlled air jets, based
on a system consisting of an air compress@0psi), nozzles, and an

electric valve, to actuate custom-designed GadJet modules with di-

verse functionalities. The hardware system is further supported by
the software system that can track the object positions and actuate
them via air jet from a distance, employing a servo or an XY Plotter
for nozzle base control. The GUI software also visualizes nozzle air

Workbench R4, or used to levitate a sphere in mid-air, as in Ze-
roN [11]. Laser has been proposed to heat shape memory alloy with
precise focus and targeting to induce bending actuation (Animated
paper [L(), though there is a safety concern of using laser beams.
Researchers also used air to actuate passive objects. For example,
oatio [ 39 and Aerial Tunes [] used continuous air ow for stable
object levitation. On the contrary, our focus, air jets, di erent from
continuous air ow, o er strong bursting forces. Prior works in
robotics explored the 2D translation of a cylindrical object by air

range based on pre-collected data (see 4.1 for details), displayingiets [8. However, few have explored harnessing air jets to actuate

the region that air jets would reach, to help the user easily plan and
control the nozzle to actuate target modules and avoid blowing out
objects or modules inattentively. With the hardware and software
system, we introduce a generalizable work ow.

We then present the applications that demonstrate the poten-
tial of GadJets for interaction design scenarios, including table-
top TUIs for gaming and work assistance, actuated shelves, and
point-to-actuate room environments. The applications project a
unique vision for future environments where a single (or a few)
computationally controlled air jets are embedded in environments,
selectively and recon gurably actuating diverse passive materials
and mechanisms to provide rich and diverse tangible interaction.
We lastly discuss the limitations and challenges of employing our
approach, which we found through our prototypes and experi-
mentation. Overall, the approach of GadJets contributes to HCI by

passive mechanisms and materials for interaction.

In summary, existing non-contact actuation systems have dif-
ferent pros and cons for actuating passive materials and objects.
While Air Jet also has shortcomings such as noise and di culty
with precision, delicate control, and loss of energy (further elabo-
rated in 7), it features advantages in relatively safe, simple control
(just aim-and-shoot), and instant, strong actuation (with bursting
force). This paper explores the possibility of this new actuation
method to control the movement and shape of passive mechanisms,
and its method.

2.2 Recon gurably Actuating Passive Modules

HCI researchers have developed interactive systems by combining
recon gurable passive modules with active machines to enhance
interactivity. For example, HERMITS.§ employs two-wheeled
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robots to activate various passive shell add-ons, de ned as me- our approach decouples the actuation source from the materials,
chanical shells 15. TRANS-DOCK 17, Kinetic Blocks p€, and where the materials are actuated from a distance by air jets. This
AnimaStage 1§ use pin-based displays as actuators for passive separation opens up new possibilities for recon gurable interactive

objects such as paper crafts, blocks, and passive transducers. Magnescenarios and o ers much stronger actuation energy to be conveyed
Dot [3Q introduced a method to fabricate passive, silicone-based, to the passive materials compared to the pouch motor approaches

ferromagnetic materials to be controlled by a magnetic eld be-
neath the surfaces. In DynablociB]], passive magnetic blocks
were combined with an active display to create and recreate 3D
shapes instantly, while Elevat®] introduced a unique shape dis-
play desigh composed of passive pins with locking mechanisms,
and an actuated mechanism to refresh the pin heights to achieve a
large-scale actuated surface.

While existing research has primarily focused on methods that
rely on physical contact, we take the rst step in employing air jets
to actuate passive modules. Leveraging air jet uniquely contributes
to this realm of research in recon gurably actuating passive mech-
anisms, where computationally controlled jet air can selectively
actuate them.

2.3 Air-Jet-Based Haptics

Many researchers in HCI have explored air jets for creating haptic
feedback from a distance without direct contact because of their
ability to exert a strong and instant force remotely. One way to
create haptic feedback is to hit the human body with air jets directly.
For instance, HAIR35 embeds nozzles in the environment and
shoots air jets to provide haptic feedback without requiring the user
to hold or wear any devices. AIREAR uses an air vortex (a type
of air jet) for creating haptic feedback up tom. Another way to cre-
ate haptic feedback is to create propulsion by shooting air jets into
mid-air. Some researchers mounted nozzles on wearable devices
such as smartwatches (Jett§]] or head-mounted displays (Head-
Blaster [LZ)) to create haptics, while others mounted nozzles onto
the controllers to create haptics (AirRacked4], JetController B7).
Alarge body of previous air-jet-based systems in HCI has focused
on conveying haptic feedback to users directly. In contrast, we
expand on the air jets' usage by enhancing it with passive materials
and mechanisms, such as in atables and windmills.

2.4 In atables for Shape-Changing Interfaces

Inspired by soft robotics research, HCI researchers have employed
pneumatic actuation for shape-changing interfac&§|[ Various
techniques and material structures for in atables have been ex-
plored, such as planar pneumatic actuators as in aeroMo#, [
milliMorph [13. However, conventional pneumatics are known for
several primary technical di culties. One major issue is air leakage,
which researchers and developers often su er from, as ensuring
air-tight connections is essential to maintaining pressure. Addition-
ally, these in atables often require tethered tubes connected to the
air source for continuous air supply, which limits the mobility and
practicality of conventional pneumatic systems in more dynamic
applications.

In soft robotics, some studies have successfully developed un-
tethered pneumatic shape-changing interfaces, for example, by
embedding phase-changing liquid into in atable pouches (Liquid
Pouch Motors 19 and Laser Pouch Motors]). While these meth-
ods were able to embed the actuation source within the pouch,

in soft robotics.

3 GADJETS DESIGN AND HARDWARE
IMPLEMENTATION

Figure 2 illustrates the design space of GadJets, highlighting the
overall architecture and passive module design. These are presented
as open-ended explorations, o ering example con gurations and
designs for jet-based actuated materials and mechanisms, rather
than a complete or exhaustive list. This design space serves as a
starting point for future research on jet-air actuated interactive
matter.

3.1 Basic Architecture

GadJets is grounded in the principle of enabling selective, recon g-
urable, untethered actuation for passive materials and mechanisms
using controlled air jets. To realize this, we focused on three key
principles: (1) designing passive modules that convert directed air
jets into motion without embedded actuators or pneumatic tubing;
(2) enabling directional and selective actuation through varied air
sources and nozzle geometries; and (3) enabling selective actuation
by repositioning the air source point through controllable nozzle
bases.

These principles informed the basic architecture of our system,
consisting of the following key component&adJet modules
nozzlean optional nozzle basendan air sourcéFigure 2 upper left).
The core idea is to use a single (or a few) nozzle(s) to actuate one or
multiple passive GadJet modules, optionally supported by nozzle
bases that allow for 1-3 degrees of freedom (DoF) nozzle movements.
GadJet modules can be placed on a variety of surfaces, such as a
tabletop, shelves, and walls, and can be actuated by directing air
jets from a distance. We explored design variations for each key
component to support di erent con gurations and use cases, which
we elaborate on in the following sections.

3.2 GadJet Modules

GadJet Modules are central to our approach. Each module comprises:
1) an air receiver, which guides incoming air jets to motion, and 2) a
core motion primitive, which generates visible movement (Figure 2
upper right). We focus on two types of motion primitivega atable
androtational both widely used in shape-changing interfaces as
basic movements, achieved by air jets. We developed a library of
such modules with varied con gurations; representative examples
include paper balloons and windmills. To prevent modules from
being displaced by the force of air jets, we secure them with weights
or adhesives (e.g, magnets).

Below, we detail the core motion primitives employed in GadJet
modules. The 3D models (.stl les and parametric Fusion 360 les)
for our GadJet modules are open-sourced for fellow researchers
and designers.

Lhttps://github.com/AxLab-UofC/GadJets
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