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ABSTRACT

This paper presents the Toki toolkit: a do-it-yourself guide
and API to support the rapid prototyping of tangibles. The
toolkit provides support for two common requirements for
tangibles: capture of touch input by an user and commu-
nication of such input to a computer. At the core of the
toolkit lays the capacitive surface and communication capa-
bilities of a Microsoft TouchMouse, both of which are ap-
propriated to fulfill the mentined requirements. Unlike ex-
isting approaches for rapid prototyping of tangibles like the
Arduino boards, using the Toki toolkit does not require de-
velopers/designers to program a chipset, configure wireless
interfaces, and define and implement communication pro-
tocols. The do-it-yourself guide illustrates how to create a
cover for the mouse required to re-use its capabilities. The
API offers a set of services to develop computer applications
that interface with the tangible.
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1. INTRODUCTION

Tangible interaction uses electronically augmented physical
artifacts to trigger digital events. Its implementations cover
a wide field of interdisciplinary approaches ranging from
playful installations supporting learning [10, 11, 12], to prac-
tical tools for interacting with digital information [6]. The
core feature of tangible interfaces is the coupling of phys-
ical artifacts to computational models [13] and/or digital
information. In most cases, the tangible receives user input,
computes it according to a predefined model, and provides
feedback which can be visual, auditory or haptic.
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Figure 1: The touch mouse and the Toki pyjama.

In designing tangible interactions, designers usually follow
an iterative process. Not too long ago, this was an expensive
and time consuming process that required both program-
ming and engineering skills. More recently, new technolo-
gies help cut both time and costs for rapid prototyping, as
well as lower the programming and electronic hacking skills
needed. An example to draw upon is the Arduino platform?,
a tool specifically designed to support the rapid prototyping
of hardware by abstracting the complexity of circuit design
and low level programming. This simple platform is aimed
at learners and hobbyists.

However, despite these efforts to make the field of tangi-
ble interaction more accessible, much work remains to be
done. For example, in order to build a simple tangible wire-
less controller for a computer application, even the Arduino
platform poses a high level of complexity, requiring to: 1)-
wire the artifact (optionally solder components), 2)- pro-
gram the Arduino board, 3)- add a wireless communications
shield to communicate with the computer, and 4)- define
and implement a communications protocol between the two.
On the other hand, the input capture and communication
capabilities already exist in most computer peripherals like
the mouse, which can communicate relative movement (x,y)
and different click events. A special case is Microsoft’s ca-
pacitive Touch Mouse? which communicates the state of its
active capacitive surface as a byte matrix (13x15).

This paper presents the Toki toolkit, a method to appro-
priate the input handling and communication capabilities
of the Microsoft Touch Mouse and use them to support the
rapid prototyping of tangible controllers without the need to
program the tangible object. The toolkit relies on a custom
made cloth cover — pyjamas — (see figure 1) which tightly

"http://www.arduino.cc/
*http://goo.gl/d7TbPJ



wraps the mouse and offers multiple contact points that can
be linked to different parts of the tangible by means of metal-
lic cables or conductive thread. The kit is composed of by
a do-it-yourself guide to create the pyjamas and a software
APIT to handle the events happening at the contact points.

2. RELATED WORK

At a conceptual level, tangible user interface (T'UT) researchers

have suggested a variety of taxonomical frameworks, con-
cerned with defining terms, categorizing and characterizing
systems, and types of coupling [5, 8, 13].

At a practical level, multiple projects studied development
support for tangible interaction; consisting mainly on de-
tecting interactions with physical objects and associating
these real world events with a virtual counter part. Papier-
Méché [7] uses multiple sensing techniques (RFID, image
recognition, and barcodes) to recognize objects and allows
users to associate custom routines to the appearance of dis-
appearance of such objects from the display. Phidgets [4]
and iStuff [1] take a different approach and provide a set
of pre-determined hardware components (sensors and actu-
ators) which are supported by the framework and can be
programmed by the developer. Hardware platforms like Ar-
duino integrate with a wide range of standard electronic
components requiring circuit building, wire soldering and
programming in the processing language. The LilyPad Ar-
duino [2] is designed for wearables and e-textiles, and there-
fore can be sewn to fabric and connect to power supplies,
sensors, and actuators with conductive thread.

Moreover, educational computing research studies tangibles
through the notion of digital manipulatives — computationally-
enhanced versions of traditional children’s toys [11] to sup-
port learning. A large subset of these educational toys is
modular such as Topodo [10], LEGO Mindstorms [9], and
Spelling Bee[3]. This modularity encourages creative think-
ing as each ‘bit’ can be put together with another ‘bit’ in new
and unexpected ways, which suggest emergent affordances.

Our toolkit design aims to simplify the physical prototyping
of tangibles. And although creating tangible interactive user
interfaces is still non-trivial, there now exists technologies,
like capacitive touch surfaces (phones/mice), which can be
reappropriated to build simple forms of tangible interaction.

3. TECHNICAL APPROACH

The Microsoft Touch Mouse is a wireless mouse with a ca-
pacitive surface capable of detecting contact with a grounded
object; the human skin is recognized as ground and this is
the base for touch interaction. The mouse surface is rep-
resented as a 13x15 matrix with individual byte values (0-
255) indicating touches at the each point of the surface. The
mouse communicates this matrix to the computer it’s paired
to at a 120fps rate. The Microsoft Touch Mouse provides
an API that receives this matrix and passes it on to any
software application. Figure 2 shows the user touching the
mouse and its matrix representation.

Due to the nature of capacitive surfaces, it is possible to
extend the surface by adding wires or other conductive ma-
terials. Touching the wires will still change the capacitance
of the surface and the change is reflected on the matrix. Our
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Figure 2: Interaction representation.

proposal is to use this extensibility affordance of the mouse
to wire different parts of a tangible to pre-determined areas
of the mouse surface. Figure 3 shows how the capacivite sur-
face registers different values when the user is touching or
not, and when the touch is directly on the surface or through
a conductive wire extension.

Figure 3: Interaction with and without extension.

Figure 3-top shows a challenge arising from extending the
surface through conductive wires: the wire itself is registered
on the mouse surface even though it’s not being touched by
a person. Figure 4-left shows the sum of all contact points
for two different zones (a zone is a 3x3 square in the mouse
matrix) where one is not extended and the other is extended
with a 20cm conductive thread. The average sum of values
for the zone once the wiring is added is what we call the
zone baseline. The change on the sum when a human
touches the wiring is what we call the target margin. Fig-
ure 4-right shows how the length of the wiring on each zone
impacts both the zone baseline and the target margin. The
longer the cable the higher the zone baseline and the smaller
the target margin.

Skin — 20cmThread MBaseline M Target Margin

SUM 3x3 byte

200 200 I I
7 / e o 5 10 15 20 25 30 35  40cw
Baseline Target Margin

Figure 4: left — baseline and target margin on sur-
face and at 20cms; right — target margins at different
lenghts.

The Toki D.IY. toolkit aims at supporting amateurs in
building and experimenting with simple designs of tangible



interactions. The toolkit leverages the extensibility affor-
dance of capacitive surfaces in the construction of tangibles,
in a way that does not require prior knowledge about elec-
tronics, and consequently has the potential to alleviate some
of the initial difficulties that novices to the field can expe-
rience. The toolkit’s central element is a mouse pyjamas:
a cloth wrapper for the mouse that holds 9 metal buttons
in a 3x3 array, each touching the capacitive surface of the
mouse. As the buttons are conductive, touching one will be
registered as a touch on the mouse at the point where the
button is located. By adding wires or conductive thread to
each of the buttons, the surface is further extended and will
register touch when the naked wire is touched. This con-
struction is the core of the Toki toolkit - by wrapping the
mouse in the pyjamas and adding wiring between this and
any object, the mouse will recognize touches at the end of
the wiring. The mouse with the pyjamas can then be added
to any physical object to augment it with touch-recognizing
capabilities.

In order to build and leverage the mouse pyjamas, the toolkit
is made of two components which are explained in the fol-
lowing sections: 1) a do-it-yourself guide, and 2) a .NET C#
software API and library.

4. D.I.Y GUIDE

The do-it-yourself guide presents a set of steps required to
make the mouse pyjamas. The guide is a simple illustrated
step-by-step brochure intended to be easy understandable.
The guide takes the reader through the following steps: 1)
cut out paper templates, 2) draw the templates on the cloth,
3) cut out the shapes of cloth, 4) sew together the pieces
of cloth and add the velcro, 5) snap on the buttons, and
6) insert the mouse. Image 5 shows step 3 from the guide:
cutting out the two pieces of cloth that make up the pyjamas
body.

Cloth

(included in the D.L.Y. kit)

Figure 5: Example step from the DIY guide

As an example, the do-it-yourself guide shows how to make
an interactive stuffed toy elephant by using our prototype
out-of-the-box toolkit. In addition to a Microsoft Touch
Mouse, the toolkit contains the following items: cloth, 9
snap buttons, needle, velcro tape, manual (includes paper
pattern), normal and conductive thread. The guide, API,
and sample application can be downloaded from the Toki
website: http://itu.dk/people/mortenq/loki/.

5. API
The second component of the toolkit is an API that hooks
into the mouse and translates the matrix input to a set of

events on the 9 predefined zones. Moreover, the API han-
dles calibration and provides mechanisms for recording and
playback of interactions with the mouse.
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Figure 6: Main components of the Toki API.

Figure 6 shows the main components of the Toki API. The
central component is the TokiManager class to which the de-
veloper registers an object implementing the I'TokiListener
interface. The API is capable of recognizing 4 different Tok-
1EventType events from each TokiZone: 1) finger down, 2)
finger up, 3) tap, and 4) double tap. When any of the events
is recognized by the TokiManager the application gets noti-
fied via the ITokiListener object. The API will only notify
the programmer of events that she explicitly subscribed to.

As mentioned before, the mouse will recognize input signals
when wiring is added even though no touches occur. To
compensate for this, the API offers a calibration mechanism.
Calibration should be performed each time a Toki applica-
tion is started to ensure maximum precision of the touch
detection algorithms. The calibration process is started by
inserting the mouse into the pyjamas and invoking the cal-
ibration method of the API. The calibration algorithm will
detect the average noise at each zone as well as the standard
deviation. Once the calibration has finished, these values are
saved and now used by the touch detection algorithms. The
progress and finishing of the calibration process are noti-
fied to the application through the ITokiCalibrationListener
interface. Signals are now only treated as touches if they ex-
ceed the average noise value plus two standard deviations.

Finally, the API provides a mechanism to facilitate the test-
ing of the interactive application: the TokiRecorder and the
TokiPlayer. By using this two objects the application devel-
oper can record into a file a series of user interactions with
the tangible artifact, and then replay them within the ap-
plication logic, avoiding the need to constantly manipulate
the object for testing.

6. SAMPLE APPLICATION
We tested the toolkit by building an elephant toy and a
simple application based around the childrens’ game known



Figure 7: The Toki sample application with the elephant puppet and how

as ‘Simon says’. In the example application we have made
6 touchable zones on the elephant: trunk, belly, ears and
fore pads; each zone is connected by the conductive thread
to the mouse. An image of the toy is shown on the screen,
along with instructions on how to play the game: Touch
the elephant in the order indicated by the red areas on the
image, the green hand icon (%) means pat gently on the
designated area, a finger icon (<)) means tap the area —
touch for less than 500ms, and tapx2 icon (<§&) means tap
the area twice in quick succession. At the start of a game,
the player is presented with a sequence of red-colored areas
on the image, and is expected to remember the sequence and
touch the elephant on the indicated areas using either the
patting or the tapping techniques. As the player advances
through the levels, they are required to remember longer
sequences. Figure 7 shows 1) how the toy is wired to the
mouse pyjama, 2) how the mouse+pyjama are hosted inside
the toy, and 3-4) screen captures.

7. DISCUSSION

The Toki toolkit provides designers and developers with an
easy toolkit for rapid prototyping of tangibles, however it
has its limitations. Attaching wire or conductive thread to
the mouse will generate noise. While we implemented cali-
bration methods to handle this there’s an upper limit as to
how long wiring can be. We tested our implementation with
conductive thread and found this limit to be around 35 cm,
however this may change with the material used. We have
limited the number of contact points of the pyjamas to 9,
because although it would be possible to add more zones, we
expect users to make hand-made pyjamas, and so in order
to ensure correct touch-recognition.

In the future we would like to look at other everyday ca-
pacitive technologies in their potential for rapid prototyp-
ing. Several smart-phones come equipped with capacitive
screens and a wide variety of wireless communication capa-
bilities; It seems possible to use these as the center of a DIY
prototyping toolkit. Even though our toolkit provides a de-
tailed guide to assemble and program a tangible prototype
with Toki, it still requires the developer / programmer to be
familiar with the C# programming language. We would like
to look in to the possibility of adding visual programming
support like for e.g. Scratch®.

Finally we would like to perform empirical evaluations of the
Toki toolkit. The first would be to determine the robust-
ness of the toolkit. This evaluation would include testing
it in different applications and with different wiring. The
second evaluation should include designer and programmers
to evaluate the usefulness and usability of Toki API.

3http://scratch.mit.edu/
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