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(54) Method for providing data input using a tangible user interface

(57) The invention provides a method and device for
using a Tangible User Interface, TUI, to collaboratively
provide data input at a computing device. The method
enables the use of strong metaphors for associating mul-

tiple predetermined choices in reply to an input request
formulated by a software application that is executed by
a computing device to which the TUI provides an input
interface.
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Description

Technical field

[0001] The invention relates to the field of Tangible Us-
er Interfaces, TUI. Specifically, the invention relates to a
method for providing data input at a computing device,
wherein the data input is based on multiple values pro-
vided by one or more users using tangible user interface
elements.

Background of the invention

[0002] The area of human-computer interfaces relies
heavily on the use of metaphors. For example, in the field
of Graphical User Interfaces, GUI, symbols are common-
ly used as metaphors for implying the functionality of a
user interface element. The use of efficient metaphors
renders a user interface easy to manipulate and reduces
the time and effort required by a user to get accustomed
to using the interface. For example, a GUI button bearing
the image of a floppy disk drive is instantly understood
by a user as leading to the underlying software function-
ality of saving a document when the button is clicked
using a pointing device. The stronger the user’s associ-
ation of the used metaphor with the associated function-
ality is, the more efficient an interface element will be.
[0003] Touch-based user interfaces have been able to
propose several strong metaphors. As an example, the
known feature of pinching fingers on an image displayed
on a touch-sensitive display to zoom into the image, im-
proves the usability of the software-implemented zoom
functionality, as the user quickly associates the metaphor
of the touch gesture to the underlying implied function-
ality.
[0004] Human beings are used to manipulating phys-
ical objects. Therefore, the potential of using a Tangible
User Interface, TUI, which relies on the interaction of a
user with physical objects to interact with software func-
tionalities, has been identified as a good candidate for
providing strong user interface metaphors. For a TUI to
be usable in a natural way, using not only the user’s visual
capacities as traditional GUIs do, but also to convey in-
formation on a haptic and topological level, the interface
needs to apply an efficient set of metaphors to imply func-
tionality [1,2]. It is known that the application of metaphors
works by designing the physical part of a Tangible User
Interface, also called the tangible widgets, to imply a met-
aphorical context [3]. The implication of functionality re-
lies mainly on the shape, color and texture of the objects
that are used as tangible widgets. However, any physical
stimulus may be used to imply functionality, such as for
example smells or sounds. The metaphorical context al-
lows for the application of well-known metaphors to be
used, mapping the source domain (containing a familiar
concept such as rotating a radial or shaping clay) into
the target domain (altering the state of a digital object).
[0005] Recent research in TUIs [4,5,6] has focused on

the use of table-top surface-like devices. A milestone
which has triggered a lot of research and implementa-
tions using tabletop TUIs has been reacTable [7], imple-
menting an electronic music instrument. The work spent
on the reacTable has been refined and distilled into the
reacTIVision framework [8]. The framework provides fa-
cilities for tracking, using a below-table infrared camera,
objects on the table via fiducial markers attached to their
base.
[0006] Existing tabletop applications provide a variety
of interaction components. They use the paradigm of di-
rect manipulation [4] or convey a more generic meaning
[9]. Most known approaches use a direct mapping be-
tween a single object that is manipulated and a single
associated input data value. Some known examples [10]
allow for dual hand input and have some specific inter-
actions which specifically require the concurrent use of
two pucks. Further, widgets that are able to alter their
position or shape [11], and hence can provide haptic
feedback, have been disclosed.
[0007] Tangible User Interfaces for assessing collab-
orative problems have only been marginally investigated
in the prior art. To the best of the applicant’s knowledge,
none of the disclosed methods for using Tangible User
Interfaces provides an efficient metaphor for enabling the
collaborative input of data by multiple users in a collab-
orative way. An example of an application in which such
data input is needed may be a collaborative choice ap-
plication or a collaborative vote among possible data in-
put values.

Technical problem to be solved

[0008] It is an objective of the present invention to pro-
vide a method and device for providing data input at a
computing device using a tangible human-computer in-
terface, which overcomes or alleviates at least some of
the drawbacks of the prior art.

Summary of the invention

[0009] According to a first aspect of the invention, a
method for providing data input at a computing device
using a tangible human-computer interface is provided.
The method comprises the steps of:

- providing a tangible human-computer interface com-
prising physical support means having a plurality of
support portions, processing means, and probing
means capable of detecting physical objects on each
of said support portions;

- associating a predetermined data value with each
one of said support portions;

- probing the presence of any physical objects on any
of said support portions, and

- generating the data input and providing it at the com-
puting device.
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[0010] The step of data input generation comprises as-
sociating the physical objects detected on a support por-
tion with the corresponding predetermined data value.
[0011] The step of detecting at least one physical ob-
ject may preferably comprise counting the number of ob-
jects detected on any of said support portions. Even more
preferably, the step may comprise detecting physical
properties of any of the detected objects, said properties
comprising, for example, any of the shape, physical di-
mensions, weight, or color of the objects.
[0012] The step of data input generation may prefera-
bly comprise associating the number of detected physical
objects on a portion and/or their detected physical prop-
erties with the corresponding predetermined data value.
[0013] The physical support means may preferably
comprise a substantially planar surface, and said support
portions may preferably be portions of said surface.
[0014] The probing means may preferably be optical
probing means comprising image sensing means. Alter-
natively, the probing means may comprise means capa-
ble of detecting electromagnetic signals, or metal probing
means.
[0015] The human-computer interface may further
preferably comprise a substantially planar surface,
wherein the probing means are arranged so that they are
capable of detecting the presence of said physical sup-
port means and/or physical objects on said surface.
[0016] Said surface of the human-computer interface
may preferably comprise the physical support means.
[0017] Further, the human-computing interface may
preferably comprise feedback means. The feedback
means may comprise visual feedback means provided
by display means or projection means. The feedback
means may further comprise audio feedback means or
haptic feedback means. The feedback means may be
operatively connected to the processing means.
[0018] The method may advantageously further com-
prise the step of providing feedback, wherein the feed-
back indicates the location of the support portions and/or
the predetermined data values associated with said sup-
port portions.
[0019] The method may further preferably comprise
the step of providing a feedback that is generated upon
provision of said data input at said computing device.
[0020] The substantially planar surface of the human-
computer interface may preferably be at least partially
translucent. The probing means may preferably com-
prise image sensing means and optical means, and may
further preferably be provided underneath said surface
and comprise a field of view in which they are capable
of detecting objects. The field of view may be directed
towards said surface and said portions of the physical
support means may be at least partially translucent, so
that said probing means are capable of detecting a phys-
ical object on said portion from underneath, when the
physical support means are placed on top of said surface.
[0021] The probing means may further preferably be
configured for detecting physical properties of said ob-

jects.
[0022] More preferably, the probing means may further
be configured for detecting the relative positions of ob-
jects that are detected on any given surface portion with
respect to each other. The step of generating data input
may comprise associating the detected objects with the
corresponding predetermined data value depending on
their detected relative positions.
[0023] Advantageously, the step of generating the in-
put data may comprise the computation of a weighted
average of the predetermined values, wherein the
weights correspond to the number of physical objects
detected on the support portions corresponding to said
values. Further, the weights may preferably depend on
the properties, physical or other, of the objects detected
on the support portions corresponding to the predeter-
mined values. According to another aspect of the inven-
tion, a device for carrying out the method according to
the invention is provided. The device comprises a tangi-
ble human-computer interface, a memory element, and
processing means, wherein the human-computer inter-
face comprises physical support means having a plurality
of support portions and probing means capable of de-
tecting physical objects on each of said support portions.
The processing means are configured to:

- associate a predetermined data value, stored in said
memory element, with each one of said support por-
tions;

- probing, using said probing means, the presence of
any physical objects on any of said support portions,
and

- generate data input and store it in said memory el-
ement, wherein the generation of the data input com-
prises associating the physical objects detected on
a support portion with the corresponding predeter-
mined data value.

[0024] According to a further aspect of the invention,
a computer capable of carrying out the method according
to the invention is provided.
[0025] According to yet another aspect of the invention,
a computer program is provided. The computer program
comprises computer readable code, which when run on
a computer, causes the computer to carry out the method
according to the invention.
[0026] According to a further aspect of the invention,
a computer program product comprising a computer-
readable medium is provided. The computer program ac-
cording to the invention is stored on the computer-read-
able medium.
[0027] The invention relates to Tangible User Interfac-
es and provides an efficient metaphor for enabling the
collaborative input of data by multiple users. An example
of an application in which the invention finds its use may
be a collaborative choice application or a collaborative
vote among possible data input values.
[0028] If the method is used by a single user, the user
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may provide multi-dimensional input data value in a nat-
ural way. For example, the user of a computing device
may be confronted with a request from a software appli-
cation that is executed on the device, for providing a com-
bination of three predetermined color component values
(Red, Green, and Blue). Using the invention, he may
place objects onto three surface portions of the human-
computer interface that represent the three options. The
method of the invention allows to weight the Red, Green,
and Blue components that are chosen and to provide the
resulting combination as input to the software application.
This may for example be achieved either by considering
the number of objects he puts on the respective surface
portions, or for example by measuring their physical
weight, or other physical properties. A visual feedback
channel may be provided in such an application, wherein
the resulting color mix is visualized instantly to the user.
The user may in return modify the position of the objects
to change the data input.
[0029] If the method is used by multiple users, collab-
orative choice or voting applications are enabled. For ex-
ample, each one of a plurality of users of a software ap-
plication that is executed on a computing device may use
objects of a specific color and put them onto support por-
tions representing predetermined data values. The over-
all number of objects detected as a consequence on the
support portions may for example lead to the overall vot-
ing result, based on majority or weighted voting. The con-
tribution of each user’s input to the overall result may
further be used as input by also taking the color of the
detected objects on each support portion into account.
Each user can manipulate their respective objects inde-
pendently and concurrently with each other user. Spe-
cifically, each user may modify their contribution as they
wish, i.e., incrementally by adding/removing a single ob-
ject from the corresponding surface portion, or by add-
ing/removing a plurality of objects at the same time. The
interaction with the computing device is, therefore, en-
riched and rendered more natural by the present inven-
tion. The data input contribution provided by each user
remains persistent through the use of physical objects.
The position of the physical objects on the support means
indicates the current data input contributions of each user
at any time instant.
[0030] The method and device according to the inven-
tion enable collaborative data input and data manipula-
tion at a computing device, which have not been achieved
using known human-computer interfaces. The underly-
ing principle of the claimed invention may find application
in many specific data input situations, mainly wherein
collaborative input by multiple users is required.

Brief description of the drawings

[0031] Several embodiments of the present invention
are illustrated by way of figures, which do not limit the
scope of the invention, wherein:

- Figure 1 if a flow diagram illustrating the main method
steps according to a preferred embodiment of the
method according to the invention;

- Figure 2 is a schematic illustration of a preferred em-
bodiment of a device for implementing the method
according to the invention;

- Figure 3 is a schematic illustration of a preferred em-
bodiment of a device for implementing the method
according to the invention;

- Figure 4 is a schematic illustration of a detail of a
preferred embodiment of a device for implementing
the method according to the invention;

- Figure 5 is a schematic illustration of a detail of a
preferred embodiment of a device for implementing
the method according to the invention in a lateral cut
view;

- Figures 6a, 6b and 6c are top views of a detail of a
device for implementing the method according to the
invention, according to three preferred embodi-
ments.

Detailed description of the invention

[0032] This section describes the invention in further
detail based on preferred embodiments and on the fig-
ures, without limiting the scope of the invention to the
disclosed examples.
[0033] Throughout the description, similar reference
numbers will be used to indicate similar concepts across
different embodiments of the invention. For example, ref-
erences 100, 200, 300, 400 each indicate a tangible Hu-
man-Computer Interface as required by the invention, in
four different embodiments. The described embodiments
are provided as examples only. It should be understood
that features disclosed for a specific embodiment may
be combined with the features of other embodiments,
unless the contrary is specifically stated.
[0034] Figure 1 shows the main steps of the method
according to the invention in a preferred embodiment.
Figure 2 illustrates elements of a device for implementing
the method according to the invention. In a first step 10
a human-computer interface 100, specifically a Tangible
User Interface, TUI, is provided. The TUI allows one or
more users to provide input to a computing device 190,
for which it acts as the interface. The interface comprises
probing means 130 capable of detecting physical objects
140 on portions 112 of a physical support means 110.
The physical support means may be a table top or a phys-
ical TUI widget placed upon a table top, or it may have
any geometrical shape that allows it to support a physical
object 140 detectable by said probing means. The prob-
ing means 130 are operatively connected to processing
means 120 such as a central processing unit, CPU. The
processing means 120 have read/write access to a non-
illustrated memory element.
[0035] In a second step 20, a predetermined data value
114 is associated with each one of said support portions
112. In a scenario in which an application that is executed
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by the computing device 190 prompts a user for an an-
swer, each value 114 may for example represent a pos-
sible answer to the question. The mapping between sup-
port portions 112 and predetermined data values 114 is
stored in the memory element to which the processing
means 120 have read access.
[0036] In a subsequent step 30, the presence of phys-
ical objects 140 on any of said support portions 112 is
probed by said probing means 130. In a final step 40,
data input 102 is generated and provided to the comput-
ing device 190. The generation of the data input com-
prises associating the physical objects 140 detected on
a support portion 112 with the corresponding predeter-
mined data value 114. This enables for example the se-
lection of one of a plurality of predetermined answers to
a question, or to weigh each of the predetermined values
according to the number of detected objects on the cor-
responding support portion. The data input may for ex-
ample be a weighted average of the predetermined val-
ues 114, wherein the weights are given as a function of
the number of objects detected on the corresponding
support portions. For specific applications, other useful
combinations of the predetermined data values based
on the detected presence of physical objects on the cor-
responding support portions will be applicable by the
skilled person, without leaving the scope of the present
invention.
[0037] As shown by the dashed lines on Figure 1, the
method may be conditionally repeated by updating the
predetermined data values in step 20, preferably based
on the provided input in the earlier instance of the method.
[0038] Figure 3 shows a further embodiment of the de-
vice according to the invention, wherein the human-com-
puter interface 200 comprises a substantially planar sur-
face 204, on which the physical support means 210 hav-
ing the support portions 212 are placed. The planar sur-
face 204 may for example be a table-top whereas the
support means 210 are a physical TUI widget delimiting
the regions corresponding to portions 212. A user may
manipulate objects 240 on any one of the support por-
tions 212, before passing the widget on to a different
user, who in turn manipulates the objects on any of the
support portions, whereby the two or more users collab-
oratively contribute to the data input. Probing means 230
are arranged so that they are capable of detecting the
presence of the support means 210 as well as objects
on the planar surface. The probing means may for ex-
ample comprise optical probing means 232 such as im-
age sensing means or image depth sensing means cou-
pled to appropriate focusing lenses. The image sensing
means may be provided by means of a charge-coupled-
device array, while depth sensing means may be provid-
ed by means of a time-of-flight camera. The field of view
of such probing means, indicated by dashed lines on Fig-
ure 3, is in that case oriented so as to cover at least the
part of the surface 204 onto which the support means
210 may be placed. Using the processing means 220,
the detection of objects 240 based on the data provided

by such probing means 230 is readily achieved. Image
segmentation and object detection algorithms useful to
that end are as such known in the art and will not be
explained in further detail within the context of the present
invention.
[0039] Figure 4 illustrates another embodiment ac-
cording to which the planar surface 304 comprises the
physical support means 310 having the support portions
312. The planar surface may for example be a surface
on which visual feedback is provided using feedback
means operatively coupled to the processing means.
Specifically, the surface may comprise a display device,
which indicates the regions corresponding to the surface
portions 312 to a user. The visual feedback may alterna-
tively be provided using display projection means. In oth-
er embodiments, the location of the surface portions 312
may be indicated by haptic feedback means.
[0040] The feedback means may also be used to pro-
vide feedback on the generated input to one or more
users who have provided the objects based on which the
input has been generated. Such feedback may comprise
optical feedback, haptic feedback, audio feedback, or
any combinations thereof. By moving one or more objects
from one surface portion 312 to another, the impact on
the generated data input is in that case immediately ap-
preciable by the user. The feedback may also comprise
updating the predetermined values 314 associated to the
support portions 312 as a function of the generated input
data.
[0041] Figure 5 schematically illustrates a lateral cut
view of a further preferred embodiment of a device ac-
cording to the invention. In this embodiment, the probing
means 433 are arranged underneath the surface 404 on
which the support means 410 are placed. In case the
probing means 433 comprise optical probing means as
described above, both the surface 404 and the regions
of the support means corresponding to the support por-
tion 412 are made of a material that is at least partially
translucent. This is to make sure that an object 440 sup-
ported by the support means 410 is not occluded from
the field of view of the probing means by either the support
means 410 or the surface 404. The probing means 433
may for example be optical scanning means.
[0042] In all embodiments, detection of a support por-
tion and of the presence of one or several objects on a
support portion may be achieved by several techniques
as such known in the art. For example, an object to be
detected may be tagged with an optical marker or graph-
ical tag easily recognizable by the optical probing means.
The tag may be a simple high-contrast dot, or a combi-
nation of black and white squares.. The tags should be
arranged on the objects so that they are within the field
of view of and capable of being detected by the probing
means. In the embodiment shown in Figure 3, the tag
should be arranged on a side of an object 240 which is
opposed to the side facing the support portion 212. Con-
versely, in the embodiment shown in Figure 5, the tag
should be on the bottom side of the object 440, which
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corresponds to the side that contacts the support portion
412. The tags, if they uniquely identify each object, may
also be used by the processing means to identify the
objects placed on the support portions.
[0043] The tags may alternatively emit electromagnet-
ic signals, which are detectable by the appropriately cho-
sen probing means. Other tagging means are known in
the art and applicable to the invention. Their specific de-
scription would, however, extend beyond the description
of the invention as such.
[0044] During the data input generation step, the iden-
tity of each detected object on a detected support portion
may lead to an identity-specific association of the object
with the corresponding predetermined data value. For
example, if multiple users provide objects on the support
means, all objects of a particular user may be tagged
using the same tag, while each user is attributed a distinct
tag. The contribution of each user to the generated input
value may then be straightforwardly tracked by the
processing means.
[0045] A similar function may be achieved by using ob-
jects having different physical properties, such as size,
shape, color or others, provided that the probing means
used to detect the presence and identity of the objects
are capable of probing such physical properties. Such
probing means are well known in the art and are within
the reach of the skilled person.
[0046] In yet another embodiment, the probing means
are capable of identifying the relative positions of a plu-
rality of objects on any of the support portions. The rel-
ative position of a plurality of objects may be used as
described above to weigh the importance of the associ-
ated predetermined value during the step of generating
the data input. Specifically, physical clustering of objects
may be interpreted by the processing means as providing
more weight to a given value.
[0047] Figures 6a, 6b and 6c provide exemplary em-
bodiments of physical support means for supporting ob-
jects as required by the invention. These configurations
are applicable to any embodiments described above. In
Figure 6a, the physical support means 510 have a circular
shape, wherein the portions 512 thereof, with which the
predetermined values 514 are associated, are equian-
gular sectors of the circular shape. In Figure 6b, the sup-
port portions 612 with which the predetermined values
614 are associated do not provide an integral partition of
the support means 610. In Figure 6c, the support means
710 comprise two disjoint support portions indicated by
hatched rectangular features, which are associated with
a first predetermined value. Two further disjoint support
portions indicated by white rectangular features are as-
sociated with a second predetermined value, which is
distinct from the first predetermined value.
[0048] The skilled person will be able to provide a com-
puter program implementing some or all of the method
steps according to the invention based on the provided
description and the accompanying drawings. Such a
computer program, when run on a computer, will lead

the computer to execute the described method steps.
[0049] It should be understood that the detailed de-
scription of specific preferred embodiments is given by
way of illustration only, since various changes and mod-
ifications within the scope of the invention will be apparent
to the skilled man. The scope of protection is defined by
the following set of claims.
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1. A method for providing data input (102, 202, 302,
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402) at a computing device (190, 290, 390, 490) us-
ing a tangible human-computer interface (100, 200,
300, 400), wherein the method comprises the steps
of:

- providing a tangible human-computer interface
(100, 200, 300, 400) comprising physical sup-
port means (110, 210, 310, 410) having a plu-
rality of support portions (112, 212, 312, 413),
processing means (120, 220, 320, 420), and
probing means (130, 230, 330, 430) capable of
detecting physical objects (140, 240, 340, 440)
on each of said support portions; (10)
- associating a predetermined data value (114,
214, 314, 414) with each one of said support
portions (112, 212, 312, 412); (20)
- probing the presence of any physical objects
(140, 240, 340, 440) on any of said support por-
tions (112, 212, 312, 412); (30) and
- generating the data input (102, 202, 302, 402)
and providing it at the computing device,
wherein the generation of the data input com-
prises associating the physical objects (140,
240, 340, 440) detected on a support portion
(112, 212, 312, 412) with the corresponding pre-
determined data value (114, 214, 314, 414) (40).

2. The method according to claim 1, wherein the phys-
ical support means (110) comprise a substantially
planar surface, and wherein said support portions
(112) are portions of said surface.

3. The method according to any of claims 1 or 2, where-
in the human-computer interface (200) comprises a
substantially planar surface (204), wherein probing
means (230) are arranged so that they are capable
of detecting the presence of said physical support
means (210) and/or physical objects (240) on said
surface (204).

4. The method according to claim 3, wherein said sur-
face of the human-computer interface (300) compris-
es said physical support means (310).

5. The method according to any of claims 1 to 4, where-
in the human-computing interface further comprises
feedback means.

6. The method according to claims 4 and 5, wherein
the method comprises the further step of providing
feedback, wherein the feedback indicates the loca-
tion of the support portions and/or the predetermined
data values associated with said support portions.

7. The method according to any of claims 5 or 6, where-
in the method further comprises the step of providing
a feedback that is generated upon provision of said
data input at said computing device.

8. The method according to claim 3, wherein the sub-
stantially planar surface (404) of the human-compu-
ter interface (400) is at least partially translucent,
wherein said probing means (432) comprise image
sensing means and optical means, which are pro-
vided underneath said surface (404), and which
comprise a field of view in which they are capable of
detecting objects, the field of view being directed to-
wards said surface,
and further wherein said portions (412) of the phys-
ical support means (410) are at least partially trans-
lucent,
so that said probing means (430) are capable of de-
tecting a physical object (440) on said portion (412)
from underneath, when the physical support means
(410) are placed on top of said surface (404).

9. The method according to any of claims 1 to 8, where-
in said probing means are further configured for de-
tecting physical properties of said objects.

10. The method according to any of claims 1 to 9, where-
in said probing means are further configured for de-
tecting the relative positions of objects that are de-
tected on any given surface portion with respect to
each other, and wherein the step of generating data
input comprises associating the detected objects
with the corresponding predetermined data value
depending on their detected relative positions.

11. The method according to any of claims 1 to 10,
wherein said step of generating the input data com-
prises the computation of a weighted average of the
predetermined values, wherein the weights corre-
spond to the number of physical objects detected on
the support portions corresponding to said values.

12. A device for carrying out the method according to
any of claims 1 to 11, the device comprising a tan-
gible human-computer interface, a memory element,
and processing means, wherein the human-compu-
ter interface comprises physical support means hav-
ing a plurality of support portions and probing means
capable of detecting physical objects on each of said
support portions, and wherein the processing means
are configured to

- associate a predetermined data value, stored
in said memory element, with each one of said
support portions;
- probe, using said probing means, the presence
of any physical objects on any of said support
portions, and
- generate data input and store it in said memory
element, wherein the generation of the data in-
put comprises associating the physical objects
detected on a support portion with the corre-
sponding predetermined data value.
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13. A computer capable of carrying out the method ac-
cording to any of claims 1 to 11.

14. A computer program comprising computer readable
code means, which when run on a computer, causes
the computer to carry out the method according to
any of claims 1 to 11.

15. A computer program product comprising a compu-
ter-readable medium on which the computer pro-
gram according to claim 14 is stored.
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