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Abstract. We present an OUI that combines Hall Effect sensind actuation
through electromagnetically-manipulated ferroflulthe movement of magnets
worn on the fingertips, over a surface embeddet wiHall Effect sensor array
and electromagnets, gives the user the abilitynteract with ferrofluid. This
system provides a three-dimensional, physicallynatéd response, as well as
three-dimensional, spatial-sensing inputs. Theatibn of the magnets worn on
the fingertips, produced by the repulsing polaofythe electromagnets, pro-
vides the user with haptic feedback. Linetic is altimodal interface with a
visual, audio and haptic experience. In this marpseve explain the overall
system from a technical, usability and aesthetsvpioint by outlining signifi-
cant experiments conducted that contribute to #neeldpment of the system.
Furthermore we discuss the philosophical and ags#themplications of the
Linetic system, as well as characterize Linetid'spdsition to Analogness or
Digitalness.

Keywords: Electromagnetic; haptic; TUI; OUI; morphable; shapanging.

1 Introduction

Recent progress in human-computer interaction basgthe way for a new body of
research known as Organic User Interfaces (OUIs)1{3. This field focuses on the
need to further explore possibilities for interaetuser interfaces using the advances
made in electronics and material sciences [9]. GUésdefined by three factors: the
input interface and output display should be ore the same; the form of the object
should change continuously and correlate direcith the function it embodies, and
finally the function performed by the object depgrah how the physical shape of
said object is changed [22].

OUls open a path to morph the shape and form o&theal computer interface it-
self. The interface can now be a piece of fabripjastic card, liquid, sand, clay or
any other material. OUIs enable users to interath the interface by manipulating
the natural qualities of these materials such aslibg, stretching, pulling, stroking,
etc. This new paradigm moves away from the trag#ti@approach of metaphors and



physical objects as defined by Tangible User latef (TUIS), and explores next
generation interfaces focused on the analog, cemtis and transitional nature of
physical reality and human experiences, as Schvgesigs out [20].

With advances in technology pushing the boundarieegards to the materials
used to create ubiquitous interactive systems [24% now possible to expand the
computer into the everyday environment throughespfind flexible formats [1]. Us-
ing these materials and technologies, this papesemts the implementation of an
innovative OUI system based on liquid. This inteefa@xplores the potential of lig-
uids as an interface and display device, wherentheipulation of liquid becomes
both the input and output. Linetic (Link to youtubevideo -
http://www.youtube.com/watch?v=V5EMyRsLL&@an provide the user with a natu-
ral and fluid experience where three-dimensiorzagible interaction takes place.

Fig. 1. Version one of the Linetic system.

Building on the idea of a ferrofluid display creditey Sachiko Kodama [13], Li-
netic provides an input/output solution based orofkiid. Ferrofluid is essentially a
liquid that reacts to magnetic fields. The systeneamposed of a pool of ferromag-
netic liquid combined with a sensing and actuatimechanism. The sensing uses an
array of Hall Effect sensors that measure the tien$ia magnetic field, while actua-
tion is produced by an array of electromagnetsn8aeneration using a MAX/MSP
patch running on a connected server augments tipeitoexperience.

Wearing a set of magnetic rings, the user canaotewith the ferrofluid. The mag-
netic ring position is detected by the array of |HEffect sensors, which in turn ac-
tuates the electromagnets and the sound servemnabeetic field of the active elec-
tromagnets produces the morphing of the ferrofiddcreate transitional physical
buttons in conjunction with the gesture, which tlggmerates a sound. At the same
time the pulse of the matching polarity electrometgnproduces a force feedback
vibration on the rings, giving the user haptic fesck.

Through natural movements of the hand, the interfa@ble to morph from a two-
dimensional surface to a three-dimensional forndRuand dynamically. Using the
shape changing quality of ferrofluids, we were ablestudy how liquids could be-



come a novel form of OUI. In sum Linetic providgamgible, multi-touch interface
with haptic feedback that produces a real 3D mawgpkurface.

2 Background

Linetic builds on research by both scientists attidta in creating a malleable, three-
dimensional, multi-touch interface. Hiroshi Ishiigeminal research in TUIs offers
insight for natural user interfaces in which thisjpct builds upon [9]. Ishii later went
on to categorize generations of TUIs, leading &odbvelopment of guidelines for the
next iteration of user interfaces, known as Orgétser Interfaces [8] [10] [23].

Research into the field of OUls is still in its amfcy. In 2008 ACM published a
groundbreaking collection of essays that colledteel works of OUI's pioneering
researchers in a special issue of CommunicatiortkeoACM. In this special issue,
several key authors outlined various aspects aathcteristics that make an OUI:

Input Equals Output: In the graphical user integf§@UI) there is a clear division
of input and output. The mouse and keyboard inptibas from the user. Based on
those actions, output is generated graphicallyhenstreen. A key feature of OUls is
that a piece of Organic light-emitting diode paparany potentially non-planar ob-
ject for that matter, is meant to input actionsiirthe user and also outputs them onto
the same object.

Function Equals Form: The form of an object cleattermines its ability to be
used as an input. The statement Function Equals Eonphasizes this dependency
on one another. Holman and Vertegaal [8] arguettieste two are in fact inseparable
and that it is a mistake to try to deny this in aray.

Form Follows Flow: This principle states that itisutmost necessity for OUIs to
negotiate user actions based on context, e.g.hiitous 'clamshell’ phone, where
incoming calls alter the phone’s function when dpgrihe phone during an incoming
call.

In regards to the material we choose to use foirquut and output, the ferromag-
netic art installations by Sachiko Kodama provideaasthetic viewpoint of how the
power of fluid and transient shapes can capturertfagination of viewers [13]. In
her projects ferromagnetic fluids are used to ereafjanic shapes that change struc-
ture dynamically. Adjusting the power of the eleatagnets actuates the ferromag-
netic fluid in varying ways. The magnetic field duwed by the electromagnets con-
trols the movement of the ferrofluid, producingisual output. Linetic builds on this
work, providing the user with a means to directieract with the ferromagnetic fluid
and the formation of shape changing buttons, wihheriting the aesthetic and kinet-
ic qualities that Kodama's pioneering works offer.

Other ferrofluid interfaces include SnOil, whichascontrollable display that al-
lows the user to interact with ferromagnetic flulstilting the display [6]. The dis-
play uses a grid of electromagnets to actuate fegmetic fluid in selected areas, and
a built-in tilt sensor is used to activate the glmmagnets. Actuation of the ferrofluid
is binary, off or on, depending on the respectieteomagnet state. Linetic expand
upon SnOil by offering a novel means of interactwith ferrofluid by directly inte-



racting with the material and provides an anal&g-tnd linearly variable state of the
actuated fluid, beyond simply a binary on/off state

MudTub by Tom Gerhardt [7] is an intriguing, qu&ii}l that exploits the material
characteristics of mud as an input material, big ta follow the contemporary defi-
nition of OUls as outlined by Holman and Verted&}l in the sense that the interface
medium and output display are not entirely the salledTub uses projection to
augment the output and provide input. While offgranmorphable computer interac-
tion material in the form of mud is novel, our irapientation offers more fluid-like
properties, a higher degree of controllability, s to the tenants of OUls as out-
lined by Holman and Vertegaal, and is not nearlynassy.

MudPad [11] is a haptic multi-touch input devicattis malleable and can be con-
trolled for localized haptic feedback. It acts danito Linetic but the materials and
methodology of actuation is different. The interactmaterial is also contained with-
in a bladder and users do not directly interachlie material. Linetic offers the user
direct interaction with the display and input matkrmaking it a more compelling
example of an OULI.

Programmable Blobs [24] is a compelling exampleadifiser interface that uses
malleable, programmable matter. It differs from étin in that it still uses a quasi-
solid material compared to the much more fluidilatttes of ferrofluid in the Linetic
system. Latency during transformation of the Prograble Blobs is also much
slower when compared to the speed of Linetic.

All the examples discussed above provide an int#uand important basis for the
research conducted for Linetic. Linetic attemptexpand the field of TUIs beyond
solid and static-shaped object manipulation, briggihe gap between physical user
actuation and animated representation into a whifiput/output device.

3 System Description

A system diagram is shown in Figure 2 and the fiession of the Linetic system is
shown in Figure 1. By moving fingers over the féltrial buttons, users can manipu-
late shapes in the liquid in order to interact wilie system. The system identifies a
magnetic flux change when a finger moves perpetatiand vertically in relation to
the surface. The flux change is detected by thé Efféct sensors embedded beneath
the surface of the ferrofluid, which sense the neigrfield produced by the magnets
worn on the fingers. In turn, an electromagnet @lsotained beneath the surface of
the ferrofluid is activated and produces a fieldninich the ferrofluid reacts to, pro-
ducing a ferrofluid button. The distance betweenfthger and the ferrofluid button is
mapped to the pressure and intensity of the chidptic feedback is felt by the user
through the natural vibrations of the magnet wonrthee fingertips. In the following
section we will describe both the hardware (sensind actuation) and software de-
sign of the system in detail. In essence, the drststem consists of a set of control-
ler circuits to control the flow of the current, array of Hall Effect sensors to detect
user interaction, an array of electromagnets toaetthe ferrofluid, a ferrofluid pool,







































