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Abstract. We present an OUI that combines Hall Effect sensing and actuation 

through electromagnetically-manipulated ferrofluid. The movement of magnets 

worn on the fingertips, over a surface embedded with a Hall Effect sensor array 

and electromagnets, gives the user the ability to interact with ferrofluid. This 

system provides a three-dimensional, physically animated response, as well as 

three-dimensional, spatial-sensing inputs. The vibration of the magnets worn on 

the fingertips, produced by the repulsing polarity of the electromagnets, pro-

vides the user with haptic feedback. Linetic is a multimodal interface with a 

visual, audio and haptic experience. In this manuscript we explain the overall 

system from a technical, usability and aesthetic viewpoint by outlining signifi-

cant experiments conducted that contribute to the development of the system. 

Furthermore we discuss the philosophical and aesthetical implications of the 

Linetic system, as well as characterize Linetic’s disposition to Analogness or 

Digitalness.  

Keywords: Electromagnetic; haptic; TUI; OUI; morphable; shape changing. 

1 Introduction 

Recent progress in human-computer interaction has paved the way for a new body of 

research known as Organic User Interfaces (OUIs) [2] [10]. This field focuses on the 

need to further explore possibilities for interactive user interfaces using the advances 

made in electronics and material sciences [9]. OUIs are defined by three factors: the 

input interface and output display should be one and the same; the form of the object 

should change continuously and correlate directly with the function it embodies, and 

finally the function performed by the object depends on how the physical shape of 

said object is changed [22]. 

OUIs open a path to morph the shape and form of the actual computer interface it-

self. The interface can now be a piece of fabric, a plastic card, liquid, sand, clay or 

any other material. OUIs enable users to interact with the interface by manipulating 

the natural qualities of these materials such as bending, stretching, pulling, stroking, 

etc. This new paradigm moves away from the traditional approach of metaphors and 



 

 

physical objects as defined by Tangible User Interfaces (TUIs), and explores next 

generation interfaces focused on the analog, continuous and transitional nature of 

physical reality and human experiences, as Schwesig points out [20]. 

With advances in technology pushing the boundaries in regards to the materials 

used to create ubiquitous interactive systems [24], it is now possible to expand the 

computer into the everyday environment through softer, and flexible formats [1]. Us-

ing these materials and technologies, this paper presents the implementation of an 

innovative OUI system based on liquid. This interface explores the potential of liq-

uids as an interface and display device, where the manipulation of liquid becomes 

both the input and output. Linetic (Link to youtube video - 

http://www.youtube.com/watch?v=V5EMyRsLLeQ) can provide the user with a natu-

ral and fluid experience where three-dimensional, tangible interaction takes place. 

 

Fig. 1. Version one of the Linetic system.  

Building on the idea of a ferrofluid display created by Sachiko Kodama [13], Li-

netic provides an input/output solution based on ferrofluid. Ferrofluid is essentially a 

liquid that reacts to magnetic fields. The system is composed of a pool of ferromag-

netic liquid combined with a sensing and actuation mechanism. The sensing uses an 

array of Hall Effect sensors that measure the density of a magnetic field, while actua-

tion is produced by an array of electromagnets. Sound generation using a MAX/MSP 

patch running on a connected server augments the output experience. 

Wearing a set of magnetic rings, the user can interact with the ferrofluid. The mag-

netic ring position is detected by the array of Hall Effect sensors, which in turn ac-

tuates the electromagnets and the sound server. The magnetic field of the active elec-

tromagnets produces the morphing of the ferrofluid to create transitional physical 

buttons in conjunction with the gesture, which then generates a sound. At the same 

time the pulse of the matching polarity electromagnets produces a force feedback 

vibration on the rings, giving the user haptic feedback. 

Through natural movements of the hand, the interface is able to morph from a two-

dimensional surface to a three-dimensional form fluidly and dynamically. Using the 

shape changing quality of ferrofluids, we were able to study how liquids could be-



 

 

come a novel form of OUI. In sum Linetic provide a tangible, multi-touch interface 

with haptic feedback that produces a real 3D morphing surface. 

2 Background 

Linetic builds on research by both scientists and artists in creating a malleable, three-

dimensional, multi-touch interface. Hiroshi Ishii’s seminal research in TUIs offers 

insight for natural user interfaces in which this project builds upon [9]. Ishii later went 

on to categorize generations of TUIs, leading to the development of guidelines for the 

next iteration of user interfaces, known as Organic User Interfaces [8] [10] [23]. 

Research into the field of OUIs is still in its infancy. In 2008 ACM published a 

groundbreaking collection of essays that collected the works of OUI’s pioneering 

researchers in a special issue of Communications of the ACM. In this special issue, 

several key authors outlined various aspects and characteristics that make an OUI: 

Input Equals Output: In the graphical user interface (GUI) there is a clear division 

of input and output. The mouse and keyboard input actions from the user. Based on 

those actions, output is generated graphically on the screen. A key feature of OUIs is 

that a piece of Organic light-emitting diode paper, or any potentially non-planar ob-

ject for that matter, is meant to input actions from the user and also outputs them onto 

the same object. 

Function Equals Form: The form of an object clearly determines its ability to be 

used as an input. The statement Function Equals Form emphasizes this dependency 

on one another. Holman and Vertegaal [8] argue that these two are in fact inseparable 

and that it is a mistake to try to deny this in any way. 

Form Follows Flow: This principle states that it is of utmost necessity for OUIs to 

negotiate user actions based on context, e.g. the ubiquitous ’clamshell’ phone, where 

incoming calls alter the phone’s function when opening the phone during an incoming 

call. 

In regards to the material we choose to use for our input and output, the ferromag-

netic art installations by Sachiko Kodama provide an aesthetic viewpoint of how the 

power of fluid and transient shapes can capture the imagination of viewers [13]. In 

her projects ferromagnetic fluids are used to create organic shapes that change struc-

ture dynamically. Adjusting the power of the electromagnets actuates the ferromag-

netic fluid in varying ways. The magnetic field produced by the electromagnets con-

trols the movement of the ferrofluid, producing a visual output. Linetic builds on this 

work, providing the user with a means to directly interact with the ferromagnetic fluid 

and the formation of shape changing buttons, while inheriting the aesthetic and kinet-

ic qualities that Kodama’s pioneering works offer. 

Other ferrofluid interfaces include SnOil, which is a controllable display that al-

lows the user to interact with ferromagnetic fluids by tilting the display [6]. The dis-

play uses a grid of electromagnets to actuate ferromagnetic fluid in selected areas, and 

a built-in tilt sensor is used to activate the electromagnets. Actuation of the ferrofluid 

is binary, off or on, depending on the respective electromagnet state. Linetic expand 

upon SnOil by offering a novel means of interaction with ferrofluid by directly inte-



 

 

racting with the material and provides an analog-like and linearly variable state of the 

actuated fluid, beyond simply a binary on/off state. 

MudTub by Tom Gerhardt [7] is an intriguing, quasi-OUI that exploits the material 

characteristics of mud as an input material, but fails to follow the contemporary defi-

nition of OUIs as outlined by Holman and Vertegaal [8], in the sense that the interface 

medium and output display are not entirely the same. MudTub uses projection to 

augment the output and provide input. While offering a morphable computer interac-

tion material in the form of mud is novel, our implementation offers more fluid-like 

properties, a higher degree of controllability, adheres to the tenants of OUIs as out-

lined by Holman and Vertegaal, and is not nearly as messy. 

MudPad [11] is a haptic multi-touch input device that is malleable and can be con-

trolled for localized haptic feedback. It acts similar to Linetic but the materials and 

methodology of actuation is different. The interaction material is also contained with-

in a bladder and users do not directly interact with the material. Linetic offers the user 

direct interaction with the display and input material, making it a more compelling 

example of an OUI. 

Programmable Blobs [24] is a compelling example of a user interface that uses 

malleable, programmable matter. It differs from Linetic in that it still uses a quasi-

solid material compared to the much more fluid attributes of ferrofluid in the Linetic 

system. Latency during transformation of the Programmable Blobs is also much 

slower when compared to the speed of Linetic. 

All the examples discussed above provide an invaluable and important basis for the 

research conducted for Linetic. Linetic attempts to expand the field of TUIs beyond 

solid and static-shaped object manipulation, bridging the gap between physical user 

actuation and animated representation into a unified input/output device. 

3 System Description 

A system diagram is shown in Figure 2 and the first version of the Linetic system is 

shown in Figure 1. By moving fingers over the ferrofluid buttons, users can manipu-

late shapes in the liquid in order to interact with the system. The system identifies a 

magnetic flux change when a finger moves perpendicular and vertically in relation to 

the surface. The flux change is detected by the Hall Effect sensors embedded beneath 

the surface of the ferrofluid, which sense the magnetic field produced by the magnets 

worn on the fingers. In turn, an electromagnet also contained beneath the surface of 

the ferrofluid is activated and produces a field in which the ferrofluid reacts to, pro-

ducing a ferrofluid button. The distance between the finger and the ferrofluid button is 

mapped to the pressure and intensity of the click. Haptic feedback is felt by the user 

through the natural vibrations of the magnet worn on the fingertips. In the following 

section we will describe both the hardware (sensing and actuation) and software de-

sign of the system in detail. In essence, the Linetic system consists of a set of control-

ler circuits to control the flow of the current, an array of Hall Effect sensors to detect 

user interaction, an array of electromagnets to actuate the ferrofluid, a ferrofluid pool, 



 

 

a MAX/MSP sub-system for sound generation and a software application program-

ming interface (API). 

 

Fig.2. A System diagram of the Linetic system.  

3.1 Hardware Design 

In the following section, we will outline the various hardware sub-systems of the Li-

netic system. Hardware sub-systems include the sensing method, the actuation acces-

sory, the electromagnetic array and circuit.  

 

 

Fig.3. Interacting with version two of the Linetic system using the wearable accessory.  

Sensing. The hardware for sensing is performed by magnetic Hall Effect sensors 

manufactured by Hamlin Electronics. Hall Effect sensors measure the density of a 

magnetic field. The sensor produces an analog output when it is under the influence 

of any magnetic field. The sensor output is connected to the analog-to-digital conver-



 

 

ter of the micro controller used. The sensor is placed directly on top of each electro-

magnet while the user’s finger carries a powerful neodymium magnet with like poles 

of each magnet facing one another. When the electromagnet is turned on, the sensor 

output becomes fully saturated. If a neodymium magnet of the same pole is brought 

close to the surface, the sensor output drops and this is detected as the presence of the 

user’s finger. Voltage drop of the sensor is dependent on the strength of the external 

magnetic field. Therefore, a sensor voltage drop is much higher when the distance 

between the finger and the ferrofluid display is reduced. This measurement is used as 

an input to control the height of the spikes, which are a product of the system. 

 

Actuation Accessory. The actuation of the system, as seen in Figure 3, takes place 

when the user moves their fingers across the ferrofluid surface while wearing a mag-

netic finger accessory. To design this accessory, we looked at various accessories 

musicians wear on their fingers, such as guitar picks, to give us ideas on how to best 

design an accessory that acted as a natural extension of the finger. Achieving this kind 

of interaction was important for us so we decided to design a ring that allows the us-

ers to wear and play with the system. We also developed a wand that can be waved 

over the surface in order to provide an alternative method of interaction with the sys-

tem but in this manuscript we will focus on the wearable configuration.   

 

 

Fig.4. Design iterations for the wearable component. The final design is still being developed.  

We designed a ring that could be worn on the index finger of each hand. Figure 4 

shows some of the design iterations. The rings contain a magnet that allows users to 

actuate the ferrofluid through natural gestures and finger movements. The ring has a 

cylindrical base made of plastic with a metal, coned shaped tip containing a magnet. 

When the users play with the system, they can sense a subtle haptic feedback through 

magnetic repulsion. This enables users to judge the distance from the liquid surface 

without touching it. This is important since when the user gets too close to the fluid, 

the liquid will become attracted to the metal cone. To avoid this, the haptic feedback 

enables the user to use the fluid interface without wetting or staining the fingers. Fur-

thermore, electromagnet polarity is configured in such a way as to repel the magnet 



 

 

on the user’s finger, once again subtly directing the user to not place her hands too 

close to the liquid. 

Actuation. The screen consists of ferrofluid placed in a shallow acrylic container. 

This container is placed on top of an array of electromagnets. These electromagnets, 

when turned on, actuate the fluid, causing it to form bumps and/or spiky buttons de-

pending on the strength of the magnetic field produced. The system is powered using 

an array of ATX power supplies. These power supplies are then fed to a current limit-

ing circuit. The output current from the cur- rent limiter circuits is distributed to the 

magnet driver board consisting of full-bridge drivers. By feeding the micro-

controller’s pulse-width modulation (PWM) signals to the magnet drivers, the elec-

tromagnetic field produced by the electromagnet array is controlled. This electromag-

netic field creates spikes in various shapes and sizes on the surface of the ferrofluid 

display.   

3.2 Software Design 

In the next section, we will outline the various software sub-systems of the Linetic 

system. Software sub-systems include the Linetic OUI Framework, sound generation 

and the circuit firmware. Software sub-systems include the Linetic OUI Framework, 

sound generation and the circuit firmware.  

Linetic OUI Framework. One of the objectives of the research is to develop a soft-

ware framework for the project. It consists of a system background service and a Java 

API extension. The framework hides the complexity of the overall hardware and low-

level software code from the developer and provides a convenient way to plug differ-

ent sub-systems into the Linetic system. Therefore the Linetic system could be confi-

gured as a tangible input device, a tangible display, or perform both operations to the 

external system simultaneously. Various kinds of external systems could communi-

cate with the Linetic system through the Linetic OUI framework API.   

Sound Generation. In this application we attached Linetic to an instrumental music 

generation program developed in the MAX/MSP environment. The Max/MSP patch 

that is used detects incoming signals from the framework and activates appropriate 

midi piano keys to create sound.   

Circuit Firmware. The circuit firmware is written in C and programmed into the 

microcontroller within the circuit. It communicates with the PC through USB inter-

face and receives information regarding ferrofluid actuation patterns. According to 

the given information, it dynamically actuates the ferrofluid and creates dynamic pat-

terns in the ferrofluid display by changing the current of the electromagnet grid un-

derneath the ferrofluid container.   



 

 

4 Experiments & Results 

The previous work of authors includes a series of experiments to measure spike 

height versus current, distance of two adjacent spikes, transient state of the system 

and the static linearity of the system [1]. These experiments demonstrated the lineari-

ty of the control mechanisms, which are used in the Linetic system. Since magnetic 

systems are highly nonlinear, these experiments represent a significant step in control-

ling ferrofluids. The following experiments explore the control mechanisms of the 

system. 

4.1 Experiment 1: Hall Effect Sensor Reading Versus Vertical Distance 

 
 

Fig.5. Sensor output versus vertical distance.  

The point of this experiment is to understand the Hall Effect sensor readings in rela-

tion to the vertical distance of the actuator (in this case, the finger-worn actuation 

ring) from the surface. This experiment has been conducted using a Hall Effect sensor 

and an electromagnet, which generates an average flux density on the surface from 

450 to 1950 Gauss for the range of 6V to 24V with 1.9A to 7.5A of electrical current. 

In the experiment we kept the power of the electromagnet at a constant voltage of 

10V and a driven current of 2.44A, with the sensor on the vertical axis on top of the 

electromagnet. The sensor reading is measured versus the distance to the electromag-

net. The value of the sensor output voltage taken is the mean value in one second. 

This plot shows (Fig.5) that the sensor is most sensitive with respect to the vertical 

distance from 0cm to 3cm. When the distance is greater than 3cm, the change in out-

put is much lower. At larger distances, for example the values of 6cm and 7cm, the 

difference in voltage is only 0.011 volts. However such a small voltage difference is 

not detected by the microcontroller used for this iteration of the system. Therefore, 



 

 

the sensor cannot detect motion from 6cm to 7cm, but it can detect longer distance 

motion, e.g. moving from 6cm to 8cm.  

4.2 Experiment 2: Hall Effect Sensor Reading Versus Horizontal Distance 

This experiment is similar to this first experiment, but looks at horizontal distance as 

opposed to vertical distance. Once more keeping the power of the electromagnet con-

stant, the sensor is placed on the vertical axis of the electromagnet at 2cm, since at 

this distance the sensor is most sensitive, registering the largest change in values with 

respect to the distance moved. An oscilloscope was used to measure the voltage out-

put of the sensor.  

 

 
 

Fig.6. Hall Effect sensor output versus horizontal displacement.  

Experiment 1 shows that the resolution of the system cannot distinguish any small-

er changes. Within 0.02 volts, the magnetic field at 3.5cm and beyond is too small to 

cause a change in the microprocessor. This experiment shows that the magnetic field 

from the horizontal area of the magnet is too small to be detected at the optimal ver-

tical distance. This is advantageous for the system since the tracking system gives an 

almost perfect horizontal reading without external noise from the neighboring mag-

nets.  

4.3 Experiment 3: Characterization of Magnetic Hall Effect Sensor Readings 

Under the Influence of Multiple Magnetic Fields 

In this experiment the readings of the Hall Effect sensor are measured to determine 

the influence of the magnetic fields generated by the electromagnets and neodymium 

magnets. These readings will provide the appropriate parameters for the microcontrol-

ler firmware.  



 

 

The electromagnet is connected to a power supply, supplying 10V and up to 2A of 

current. Its output magnitude is controlled by a Pulse-Width Modulated (PWM) input 

to the driver circuit. It is positioned such that the field of the North Pole is directed 

vertically upwards and the South Pole vertically downwards. The sensor is supplied 

the rated of 5V and is positioned such that it is in level with the top of the electro-

magnet and directly next to it. The reading of the steady-state output voltage of the 

sensor is recorded using the oscilloscope, while varying the height and direction of 

the neodymium magnet and the PWM input to the electromagnet. First the default 

sensor value is taken. Without the neodymium magnet or electromagnet influence, the 

reading is 2.50V. Next, with the neodymium magnet pole at South Pole (facing 

down), the PWM values and distances are measured.  

 

 

Fig.7. Sensor reading values obtained for different distances versus PWM.  

Here (Fig.7) the strength of the electromagnet’s field serves to decrease the reading 

of the sensor, whereas the position of the neodymium magnet field serves to increase 

the reading of the sensor. This results in a case where the value of the sensor is unable 

to detect the presence of the neodymium magnet due to the electromagnet’s field. 

From the data we gathered, this occurs in the case when the distance of the neody-

mium magnet is 7.0cm. If the electromagnet is off, the reading is 2.53V, but if the 

electromagnet is turned on, the reading falls below the 2.50V neutral value. To cir-

cumvent this problem, we could use like poles instead of unlike poles, i.e. the North 

side of the neodymium magnet facing the North side of the electromagnet. This caus-

es both magnets to boost each other’s readings, which can be compensated for by 

changing the sensitivity in the software. This approach has the peripheral advantages 

of preventing the two magnets from attracting each other and preventing the neody-

mium magnet from picking up the ferrofluid contained on the surface of the system. It 

also provides a means for haptic feedback while using the system.  



 

 

5 User Interaction Methodology 

In regards to the user interaction methodology, we attempted to simulate some inte-

ractions that reflect both the aesthetics and playfulness of interacting with fluid. Al-

though the dramatic effects of water as a tactile surface has been previously explored 

[19], no precedent in regards to the interaction with ferrofluid, which has distinct fluid 

characteristics, has been recorded. Due to this, an adaptation of previous methods as 

well as trial and error was employed. 

 

Fig.8 Version Three of the Linetic system without the splash cover.  

Due to the messy nature of ferrofluid as well as the nature of sensing inherent to 

the system, we decided to employ a finger accessory that allowed users to interact 

with the fluid without actually touching it. This reduced the methods of interaction to 

that if simple mid-air gestures, some of which are employed in [1]. These gestures 

included waving and tapping. Like-polarity between the surface and fingertip magnets 

allowed a force resistance that made tapping a particularly compelling interaction. 

Later on, we decided to remove the haptic subsystem in order to concentrate on the 

visual and audio effects of the system. This led us to the third iteration of the Linetic 

system. 

6 Aesthetic Interactions with Linetic 

 

Although efficiency and speed are two important characteristics for most technical 

devices, research suggests that these attributes are not sufficient to fulfill all of a us-

er’s needs [4] [16]. Aside from the technical characteristics of the device, a user needs 

a series of other characteristics that enrich the user experience of an artifact, device or 

technology. People search for these characteristics that allow exploration and a holis-

tic experience of an artifact instead of just basic features. Through Linetic, we hope to 

tap into these deeper desires and human emotions in order to be able to produce a 



 

 

more enriching, aesthetic experience of the system. The aesthetic experience refers to 

the pragmatic aesthetics that Dewey [3] and Shustermann [21] describe, as well as the 

guidelines that Petersen and others have developed for Aesthetic Interactions [18] 

from the pragmatist aesthetics viewpoint.  

Fels [5] states that for an individual to have an aesthetic experience there needs to 

be an intimacy that is built between the person and the object. Fels believes that when 

people are able to manipulate an object skillfully or intimately, this produces an aes-

thetic experience. He describes four types of relationships that one is able to have 

with an object and these are as follows: the person communicates with the object; the 

person embodies the object; object communicates with person; object embodies the 

person. Through Linetic we are able to achieve the first three of these experiences: 

person communicates with object; object communicates with person; the person em-

bodies the object. 

First, the user is able to communicate with the system in a direct and natural way 

through touch. Interacting with the liquid, the user can start a dialogue in which the 

system responds to the user. The still, dark pool of ferrofluid, with its reflective sur-

face like a black mirror, has the ability to draw people to it in the same way artist Ri-

chard Wilson [26] was able to capture the imagination of his audience with his instal-

lation 20:50 - a room filled with thick sump oil. According to Khaslavsky et al. [12], 

the first step to seduce your audience is to entice them in order to grab their attention. 

It is the very liquid quality of ferrofluid that makes it a material that probes curiosity 

and encourages interaction. This curiosity naturally leads to one wanting to touch the 

liquid and explore it. 

The Linetic system possesses the playful characteristics needed for learning by 

playing, which is a learning mechanism for most people. The system lends itself to 

playful exploration and thus a relationship with the system can begin. Unlike a solid 

tangible interface, liquid has the ability to take the shape of its container and allows 

for the free maneuvering of itself. As people move their fingers above the liquid they 

begin to learn quickly how to sculpt and manipulate the liquid, creating three dimen-

sional, liquid sculptures combined with sound that respond to the user’s tactile explo-

ration. This seemingly magical quality of being able to sculpt ferrofluid has been the 

main spark of inspiration that motivates us to exploit this interaction. 

Aesthetic interaction suggests that the use of the system gives it meaning and 

creates an aesthetic experience [19], the appropriation of Linetic by the user and the 

freedom for improvisation makes this a platform for creative expression. Here the 

user is able to intelligently construct music through the simple and ordinary actions of 

playing with liquid, making the natural into a magical experience, thus capturing their 

imagination. 

The third way in which a person can relate to an object is when the object commu-

nicates to the person; there is no interaction and it is much like how we enjoy a paint-

ing. Even at this level Linetic has the ability to engage the audience. The liquid, 

which seems to have a life of its own, can mesmerize even non-interacting audiences 

and this quality was evident in the works of Sachiko Kodama. With Linetic, the au-

dience can reach out to the liquid and with the movement of their fingers, can engage 

with this liquid as a piano player would with piano keys. This allows the user to en-



 

 

gage in a more intimate way with the interface as Fels defines intimacy, and allows 

the user to use this interface as an extension of them. 

One of the questions we wanted to address with this project was how we can keep 

audiences engaged in the experience, and help them take away a meaningful expe-

rience. Music or art that has stood the test of time are examples of works where the 

creator is able to captivate the audience even after decades from when the work was 

produced [17]. Many interactive systems today have not yet been able to capture users 

in the same way. People easily adapt to new technologies and once they understand 

how to use it, it can or frequently looses its novelty. Liquid is a material that people 

from different disciplines continue to study to understand its powerful effect on our 

body, mind and beyond. Liquid as an interface for computing opens the possibility of 

a whole new way of how we understand and engage with the computing world. The 

exact ways in which we might use liquids in future interactive systems is still to be 

explored and Linetic is a beginning of this exploration.  

7 Characterizing Linetic as Disposed to Analogness or 

Digitalness  

Using the method offered by Koh et al.  [15]. we attempted to situate Linetic in the 

Analogness-Digitalness Continuum (ADC), by comparing the system with the charac-

teristics for interactive systems offered in the research. Table X shows a breakdown 

of how Linetic scored in regards to its Analogness & Digitalness. 

 

Characteristics of Analogness & Digitalness Affirmative 

The Interface is Intuitive  

Interaction is Continuous ✓ 

Content and Media are Singular in Embodiment ✓ 

Content and Media are Dichotomistic in Embodiment  

Interaction is Discrete ✓ 

The Interface is Mediated  

Hybrid Candidate? ✓ 



 

 

Table 1. A table showing how Linetic scored in terms of its disposition to Analogness or 

Digitalness.  

In Analysis of how Linetic scored, we found that our current version of the interac-

tion required some training before being able to use the system and thus did not meet 

the requirements of an initiative interface.  

However Linetic did meet the requirements for a continuous interface where media 

and content are a singular embodiment, as the morphable ferrofluid used in our inter-

face is both a visual component of information feedback to the user (in addition to 

sound and formally, haptics), as well as the interface where the user interacts with the 

system. 

Curiously depending on the configuration of Linetic, the interaction characteristics 

could become discreet. This is mainly due to the possibility to use Linetic as an inter-

face device to an external system. 

In conclusion, we find Linetic to lean towards the Analogness side of the conti-

nuum, with hybrid-like qualities depending on the configuration of the system. 

 

Future Work 
Future work for this project involves efforts in several directions: exploration of new 

materials, new array configurations, and improvements in the methodology of gestur-

al interactions and most importantly, the development of relevant applications in or-

der to explore the full potential of human-computer interaction using liquids as a me-

dium. 

The search for new materials for different effects and increased controllability in-

volves experimentation with materials such as electrorheological (ER) and magnetor-

heological (MR) fluids. These materials will provide another avenue for OUIs and the 

Linetic project. 

Refinement of the electromagnet array is also important so as to create a more fine-

grained and higher-resolution display. The use of other magnet arrangements will also 

enable us to control electromagnetic fields better, so as to create more complex and 

intricate shapes, which will enable us to explore more real-world applications.  

An effort to create a concise library of gestures that are more intuitive for use with 

the system is also desirable in order to disseminate a methodology in which other 

researchers can base new research on. Once a concise gestural library is created the 

project will focus on developing and executing more user studies in order to fine-tune 

the usability of the system. Finally an integrated development environment (IDE) for 

direct programming of Linetic is desired so that the technology can be shared interna-

tionally, which can foster application development in the academic and commercial 

markets.  

8 Conclusion  

In this manuscript we describe new iterations of the Linetic system that uses the Hall 

Effect as a novel form of interaction and actuation. By using Hall Effect sensing in 



 

 

combination with a new accessory worn on the fingertips, users avoid messiness and 

staining, which was a previous downfall of the original system.  

We also outline in this paper, three new experiments that enabled us to develop the 

new iterations of the Linetic system. These include findings regarding the relationship 

between perpendicular distances of the Hall Effect sensor and the magnetic field gen-

erated by the electromagnetic array embedded in the surface of the system, the cha-

racterization of the magnetic Hall Effect sensor readings under the influence of mul-

tiple magnetic fields, and the relationship of distance from the sensor versus PWM. 

A preliminary user study was also performed in order to understand the usability of 

the system, as well as to inform the authors on the possible challenges of evaluating 

such a system for use as an interface and display device. We also discuss the addition 

of haptic feedback facilitated by the vibration of the magnets placed on the fingertips, 

providing an additional modality of feedback, along with the previously developed 

modalities of sound and visual output. This new actuation accessory provides a means 

for users to interact with the Linetic system without the need to actually touch the 

ferrofluid, and still provides instantaneous tactile feedback. 

Finally we also discuss the aesthetic implications in regards to the user’s expe-

rience when using the Linetic system. The aesthetic implications of using liquid as a 

means for human-computer interaction are an important topic in regards to our re-

search. We felt a need to outline these implications in order to accurately prepare for 

future liquid-based interactive systems. 
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