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The invention provides a system comprising at least a first, a second and a third element, and a motion
module, said elements being three-dimensional and each element comprising a centre point in said
element, at least one face coupled to said centre point and said face comprising a motion-guiding

module, defining a trajectory over at least part of said face and a motion-restriction module, adapted for
limiting the displacement of said centre point with respect to said centre point of one of the other elements
to at least one trajectory selected from the group consisting of said trajectory and said trajectory of said
other element, when interacting with said motion module.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Nr. P100108NL00

Shape-Shifting a Configuration of Reusable Elements

Field of the invention
The invention relates to a system of elements, and elements that can be part of a

system of elements.

Background of the invention

Since the history of man, people are making constructions of all kinds. In order to
make constructing easier, a construction was divided into elements. These elements
were standardized to make production easier. Examples of this standardisation are, for
buildings for instance, bricks for building a house, beams and roof tiles, and more
recently concrete parts like floor panels, windows, but also doors and other parts of a
building. This concept of standardized parts is also used for other types of
constructions, like cars, computers, and, in fact, all industrially produced constructions.

A problem with most of these elements is that they require handling.
Furthermore, the elements are used for a specific construction, or a specific use, like
toys. Furthermore, often the known elements are not reusable.

In “Reconfigurable group robots adaptively transforming a mechanical structure”,
by Yousuke Suzuki, Norio Inou, Hitishi Kimura, Michihiko Koseki, Proc. Of the 2006
IEEE/RSJ, Oct. 9-15, 2006, Beijing, China, “group robots adaptively construct a
mechanical structure” are described. “The feature of the robots is high rigidity by
adopting sliding mechanisms. [.] discussed algorithms of crawl motion and adaptive
construction considering mechanical constraints of the robots. The proposed algorithm
is based on local communication of the robots. [.] a scheme of a temporary leader
which is autonomously specified by form of the structure. The scheme decreases
amount of information in communication between the robots.” A proposed motion
module allows only a limited mobility of the proposed robots.

In 'Design of the ATRON lattice-based self-reconfigurable robot', Esben
Hallundbeak Oestergaard, Kristiaan Kassow, Richard Bek, Henrik Hautop Lund, Auton
Robot (2006 21:165-183), Self-configurable robots are discussed, and an overview is
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given of many types of self-configurable robots. It shows that many configurations are
possible.

'‘Emergent control of Self-Reconfigurable Robots", Kasper Stgy, Thesis of the
Maersk Mc-Kinney Moller Institute for Production Technology, University of Southern
Denmark January 6, 2004, provides an overview of modular robots. According to the
author, his thesis relates to a self-reconfigurable robot is a robot built from potentially
many modules which are connected to form the robot. Each module has sensors,
actuators, processing power, and means of communicating with connected modules.
The robot autonomously changes shape by changing the way these modules are
connected. The thesis further describes what it calls role-based control, which is a
method used to implement locomotion gaits in chain-type self-reconfigurable robots,
and a method to control the self-reconfiguration process. That method consists of two
components. The first component takes a CAD model of a desired shape and generates
cellular automata rules which take the global aspect out of the self-reconfiguration
problem. The second component takes these rules and combines them with artificial

chemical gradients to make a control system.

Summary of the invention

The invention provides an element that allow a flexible use. In particular, the
invention seeks to provide an element that allows making a construction composed of
similar elements.

The invention provides a system comprising at least a first, a second and a third
element, and a motion module, said elements being three-dimensional and each
element comprising a centre point in said element, at least one face coupled to said
centre point and said face comprising a motion-guiding module, defining a trajectory
over at least part of said face and a motion-restriction module, adapted for limiting the
displacement of said centre point with respect to said centre point of one of the other
elements to at least one trajectory selected from the group consisting of said trajectory
and said trajectory of said other element, when interacting with said motion module.

Said motion module is adapted to be coupled to a face of one of said elements,
and adapted for displacing said centre point of said one element with respect to said

centre point of one of the other elements when interacting with the motion-guiding
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module of said one of the other elements, said motion-guiding module, said motion
module and said motion-restriction module defining different module types.

For displacing said centre point of said first element away from said centre point
of said second element and towards said centre point of said third element, a first face
of said at least one face of said first element faces at least one of a second face of said
at least one face of said second element and a third face of said at least one face of said
third element, thus providing facing faces.

For said displacing, said motion module interacts with at least one motion-
guiding module, and with at least one motion-restriction module, with said facing faces
providing said interacting modules while displacing at least one module of said first
face interacts with at least one module of at least one different module type of at least
one other of said facing faces while displacing, and said at least one module of said
first face interacts with at least one module of a different module type of said second
face and at least one module of a different module type of said third face.

The invention provides a system of elements that allow a flexible use. The
elements can be used for manually building a construction. Making such a construction
consistent and coherent can be easy. As will become clear below, the elements may
comprise further features that may allow elements to displace under control, or even
autonomously.

It was found that such a system with the elements, and/or the elements, allow
flexible construction of an object. It may even be possible to design the elements within
the current definition to group the elements into an object and to change the shape of an
object autonomously.

In an embodiment, an element comprises holding means, adapted for interacting
with a functionally aligned holding means of a similar element, and comprising a
holding state and a released state, said holding means in said holding state engaged
with said aligned holding means of said similar element for holding said element
positioned with respect to said similar element, and in said released state disengaged
with said aligned holding means, and sensing means for providing grab-detection, said
grab-detection including detection of one selected from an action leading to a grip of
said element, having a grip on said element, an action of releasing a grip of said
element, and a combination thereof, wherein said sensing means is functionally

coupled to said holding means for upon said grab-detection actuating at least one of
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said functionally aligned holding means between said holding state and said released
state. In an embodiment, at least two element comprises these means, in al particular
embodiment, all the elements of the system comprises these means.

In an embodiment, the holding means is actuated between said holding state and
said released state when said grab-detection includes one of an action leading to a grip
of said element, and an action of releasing a grip of said element.

In an embodiment, the sensing means is further adapted for determining a
distance to a similar element. This distance may be a shortest distance. This distance
may for instance also be determined along a predefined trajectory. In other words,
when moving along a trajectory, how far removed is that other element. In particular,
when sensing the distance to a neighbouring element, it allows improved actuation of
holding means. It further allows functionally coupling with for instance a motion
module (discussed below), for example to control speed, like approaching speed. The
sensing means may also measure the orientation of the element with respect to one or
more other elements. Furthermore or additionally, the sensing means may determine
alignment of holding means with holding means of one or more other elements.

In an embodiment, the sensing means comprises sensors that are time-correlated
for providing grab-detection. Time-correlation of the sensors allows improved grab
detection. It for instance allows sensing if two faces are involved in the process of
grabbing.

In an embodiment, the sensing means comprises a first and second sensor,
functionally coupled with one another for providing said grab-detection.

In an embodiment, the element being three-dimensional and comprising:
- a centre point in said element;

- at least three faces coupled to said centre point;

- said holding means coupled to a first face of said at least three faces, adapted for
interacting with said functionally aligned holding module of a facing face of a similar
element, for in said holding state cooperating for holding said first face positioned with
respect to said facing face, and in said released state not holding said first face
positioned;

-said sensing means comprising a first and second sensor, with

- said first sensor coupled to a second face of said at least three faces;

- said second sensor coupled to a third face of said at least three faces;
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wherein said at least two sensors are functionally coupled with said holding means of
said first face for upon said grab-detection actuating of said holding modules of said
facing face between said holding state and said released state.

In an embodiment, the sensor means comprises optical sensors with spatial
resolution, in particular cameras.

In an embodiment, the holding means comprises at least one holding module
comprising two parts, adapted to exert a force to one another for holding faces
positioned, and wherein said two parts are provided to faces comprising said holding
module, allowing each face provided with said holding module to be held in position
with respect to a facing face provided with said holding module, with the one holding
module part of a face interacting with an other holding part of a facing face.

In an embodiment, the holding module comprises a holding state in which the
holding module holds faces positioned, and a released state in which faces can move
with respect to one another.

In an embodiment, the holding means comprises a holding module on each face,
and said sensing means comprises a sensor on each face comprises a sensor, said
sensors and said holding modules functionally coupled for upon said grab-detection
actuating of said holding modules of said facing face between said holding state and
said released state.

In an embodiment, the sensing means is adapted for alignment detection of said
holding modules with holding modules of facing faces.

In this respect, grab-detection in its broadest sense relates to detection of actions
leading to grabbing of an element, the actual holding of an element grabbed, and
actions of releasing an element from a grip. Grabbing, in this respect, in its broadest
sense relates to engaging an element with the intention of allowing changing the
location and/or orientation of the element. This may be using a robot arm having a part
that can engage the element and pick up the element. It may for instance preferably
include picking an element up by a human hand, or changing the orientation by a
human hand. Usually, this requires engaging two faces. Often, two opposite face are
clamped between fingers of a hand. Often, the actions of grabbing take place within a
limited timeframe. Often, the time between a hand approaching an element and actually

engaging the element is in the order of minutes or less. In particular, this time is in the



10

15

20

25

30

order of less than two minutes. The detection range can be less than 50 cm. Grab-
detection in an embodiment may comprise transmitted human brain signals.

Various states of the elements can be defined in the following way.

An element can be either 'in-system' or 'out-system'. An element may be defined
as being 'in-system' when it comprises a face that can interact with a facing face of
another, similar element. For instance, an element can be in-system when it comprises a
face that is both in physical contact with a face of at least one other, similar element,
and properly aligned with a face of at least one other, similar element. An element that
is defined as being 'out-system' does not have these requisites. A group of elements that
are 'in-system' is designated or referred to as a system of elements. Multiple (separated)
combinations of systems of elements may exist next to each other as does any
combination of 'in-system' and ‘out-system'. Proper alignment between 'in-system'
elements is essential for allowing displacement or for holding a certain position.

When an element is in-system’, then with respect to an adjacent face of another
element, each face of the element can either be in a holding state or in a released state.
In this respect, a holding state may be defined as a state that affects an element.

In a holding state, a face of an element cannot move with respect to an opposing
or facing face of another, similar element. A holding state may be reached by means of
one or more holding modules between opposing faces. A holding state may also be
reached by means of other module(s), for example a motion module operating between
two elements which has it’s motion temporarily halted. A motion module may
cooperate with a motion restriction module and/or a motion guiding module in order to
achieve a holding state.

The holding state in general results from an activation of holding means. Such
holding means may comprise a holding module. A holding means may also comprise a
selection from a motion module, a motion restriction module, a motion guiding
module. These modules may for instance in cooperation result in a locking state. The
holding state of a face may thus be split up into a 'holding state by holding module' and
a 'holding state by motion module lock'. An element may be in one or both of these
states at a given time, and when either one or both of these states is active, the element
1s in a holding state. For example, when moving an element over faces of other, similar
elements from one position to a destination position, the 'holding state by motion

module lock' is activated when the destination position is reached. Then, a 'holding
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state by holding module’ is activated before the 'holding state by motion module lock’ is
deactivated.

Furthermore, an element may be locked to another element and be in a holding
state in various ways. An element may use its own holding module, it may be engaged
by a holding module from that other element. The state of the holding module can thus
either be:

‘lock received’, ‘lock generated’ or ‘unlocked’. The above designation is of
importance since a 'holding module' can be ‘unisex’, male or female, or 'hermaphrodite’
when cooperating with other modules.

This may be of importance when an element is changing states, for example
when going from a holding state to a released state and has a face lock module which
has its lock received. Communication between elements may then be needed for that
change to be possible.

A face can have multiple 'holding modules'. For example, when dividing a face
into quadrants, each quadrant may have a holding module, for instance in its centre.
Thus, when all the holding modules of a face are ‘unlocked’, that face may be in a
‘released state’ or in a ‘holding state by motion module lock’. Two cooperating face
lock modules of two opposing elements may only work together when their modules
are in a certain physical alignment. This encompasses the two elements to be in
alignment. A consequence of this may be that when a face is in a ‘holding state by
holding module’ the element is in one of its proper alignments. The precursor or
descendant of the ‘holding state’ is the ‘released state’. It is clear that a transformation
from a ‘released state’ into a ‘holding state by holding module’ can only occur when an
element is properly aligned with an other, similar element. In addition, two other states
can be distinguished per holding module:

‘in alignment for holding module operation’ or

‘out of alignment for a holding module operation’.

When an element is ‘in-system’, it means that there is a proper alignment for
potential displacement by a motion module, for example. Element displacement and its
topic of alignment which will be discussed later on.

An ’out-system’ element has per definition no direct ‘holding state’ potential (no
physical face-contact or no proper alignments) and has each face in a ‘released state’ or

stated differently: the element is in a fully ‘released state’.
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An ’in-system’ system of elements may have one or more ’set-holding states’.
This means: each element belonging to a set of elements within that system, has one or
more ‘Holding states’ active and this set cannot be split into subsets without breaking
one or more of these ‘Holding states’. When a ‘Set-holding state’ encompasses every
element of that system, that system is also in a ‘System-holding state’.

An element that is either ’in-system’ or "out-system’ can be in a ‘non-displacing
state’ or in a ‘displacing state’.

When an ’out-system’ element is in a ‘displacing state’, it means that outside
system handling or forces are taking care of this displacing. For example, an element
can be picked up by a human hand. Another example of such a combination of states is
an element that is falling due to gravity forces.

When an ’in-system’ element is in a ‘displacing state’, it can be an action of
either ‘direct displacing’ or ‘indirect displacing’.

‘Direct displacing’ of an element occurs when a face of that element is engaged
with at least a motion module or a rotation module. That face is not in a ‘holding state’
but in a ‘released state’.

‘Indirect displacing’ of an element occurs when that element is not engaged with
a motion module or a rotation module. Furthermore, that element is part of a set of
elements which are in a ‘set-holding state’. In that 'set-holding state', at least one other
element of that set can be in the ‘displacing state’ of ‘direct displacing’ (piggybacked
analogy). Based upon the principles described here, various combinations are possible.

In an embodiment, an element is cubic and comprises six faces. From the
perspective of the element, there are then six directions: North, South, East, West, Up
and Down.

The invention further or additionally provides a system comprising at least a first,
a second and a third element, which may be of the type defined above. This system
further comprises a motion module, said elements being three-dimensional and each
element comprising:

- a centre point in said element;

- at least one face coupled to said centre point and comprising:

- a motion-guiding module, defining a trajectory over at least part of said

face;
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- a motion-restriction module, adapted for limiting the displacement of said
centre point with respect to said centre point of one of the other elements to at
least one trajectory selected from the group consisting of said trajectory and said
trajectory of said other element, when interacting with said motion module;
wherein said motion module is adapted to be coupled to a face of one of said
elements, and adapted for displacing said centre point of said one element with respect
to said centre point of one of the other elements when interacting with the motion-
guiding module of said one of the other elements, said motion-guiding module, said
motion module and said motion-restriction module defining different module types,

wherein for displacing said centre point of said first element away from said
centre point of said second element and towards said centre point of said third element,
a first face of said at least one face of said first element faces at least one of a second
face of said at least one face of said second element and a third face of said at least one
face of said third element, thus providing facing faces, and

wherein for said displacing:

- said motion module interacts with at least one motion-guiding module, and
with at least one motion-restriction module, with said facing faces providing said
interacting modules while displacing;

- at least one module of said first face interacts with at least one module of at
least one different module type of at least one other of said facing faces while
displacing, and

- said at least one module of said first face interacts with at least one module
of a different module type of said second face and at least one module of a different
module type of said third face.

It was found that such a system with the elements allow flexible construction of
an object. It may even be possible to design the elements within the current definition
to group the elements into an object and to change the shape of an object
autonomously. In an embodiment, at least one element can be provided with a building
plan for the shape. In an alternative embodiment, the building plan can be distributed
over elements, and by communicating and distributing control, the elements together
may accomplish shifting the shape. A building plan may consist of a definition of the
eventual shape of an object. It may alternatively comprise intermediate constellations

of elements, or intermediate shapes to arrive to an end shape.
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The motion module, motion restriction module and motion guiding module allow
minimal displacement distances or orientation changes of elements, in particular of the
centre points of elements, for changing shapes and constellations of elements. Thus,
changes may take less time and/or less energy.

In this description, a configuration is used for an assembly of elements that are
grouped together in a substantially consistent orientation with respect to one another.
The elements in such a configuration may form an object. For such an object to change
its shape, one or more elements move or displace with respect to other elements. This
statement, however, does not work the other way around: Elements may have
displaced, but that does not always mean that the shape of the object changed. If at least
some of the elements of an object displace in a predefined manner, it is possible to in
fact have displaced the entire object.

Faces of elements face other faces. In its broadest sense, faces are thus directed to
one another. The facing faces may be opposite one another. In an embodiment, facing
faces may at least partly overlap.

Faces may be curved. In an embodiment, faces are flat, planar. Thus, a face
defines a plane over which in an embodiment a face of another element can slide. In
such a state, faces are facing, and during said sliding opposite one another and partly
overlapping.

The various modules and parts are ‘coupled’. In particular, this relates to
functionally coupled. In particular embodiments, this relates to parts or modules that
are physically coupled. More in particular, in an embodiment it is used to cover
connected. Specifically, in an embodiment parts, faces, modules and the like that are
fixed or mounted. In this respect, fixed refers to for instance welding, gluing, and the
like. Mounted may refer to the use of attachment provisions, like bolts and nuts.

‘Interacting’ relates to modules and/or elements that exert force to one another,
but also to exchanging data, exchanging instruction program parts, and exchanging
feedback. In an embodiment, interacting relates to modules and/or elements that are in
contact. In an embodiment, interacting relates to modules and/or elements that are
engaging.

Various modules are provided ‘for displacing’. This relates functionally to the
process of displacing an element. It can also include preparations for displacing

elements. ‘For displacement may also include post-processing. It may include, for
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instance, displacement of one or more motion modules over one or more faces of an
element, or between elements, to their actual position on a face where they start
displacing an element. It may for instance also include storing a motion module after
use, or transmission of an end position to other elements. ‘For displacing’ may for
instance also include the time during which data is exchanged in preparation for setting
an element in motion.

‘While displacing’ refers to the time frame during which elements are actually in
motion. For displacing elements, multiple instances of ‘while displacing’ may occur.

The faces are provided to allow a face to exert or transmit a force to another face.

A movement of an element can in fact be split into an actual displacement of a
centre point of an element, and a change in orientation. A change of orientation is for
instance a rotation about a line through the centre point: the centre point does not
change its position. In this respect, the motion module of an element is instrumental for
an actual displacement of a centre point of an element. An element may further
comprise an orientation module for changing the orientation of an element. In an
embodiment, the motion module and the orientation module may be combined.

An element may comprise parts defining an outer contour of an element. For
instance, an element may comprise ribs. An element comprises a face. A face at least
has supports allowing one element to rest on another element. Ribs for instance define
such a face. The space between ribs may be open. Alternatively, support may be
provided by exerting a force, for instance aerodynamic or electromagnetic forces. In an
embodiment, each element further comprising a face provided with a surface at a
surface-distance from said centre point. Such a surface provides a solid, physical
support. A surface may be completely closed. Alternatively, a face may comprise a
surface that has openings. For instance, the surface may be meshed. Often, such a face
is planar, defining a bounded plane.

In a sense, the motion module in fact drives the movement of an element with
respect to another element.

The motion-guiding module in a sense steers a direction of displacement of an
element with respect to another element. In a case when one element is in contact with
another element, the motion guiding module may comprise a track on one element and

the other element follows that track.



10

15

20

25

30

12

One or more of the elements may further comprise a motion-restriction module
adapted for limiting the displacement of said centre point with respect to said centre
point of one of the other elements to at least one trajectory selected from the group
consisting of said trajectory and said trajectory of said other element, when interacting
with the motion module of the other element. The interaction between at least one of
the motion module, the motion-guiding module and the motion-restriction module from
the face of an element with at least one different module from an element with a facing
face may in fact restrict the distance between those elements. It may hold these
elements together or release these elements to allow them to move away from one
another. It may also keep the distance between these elements between defined limits.
In combination and/or in a separate action, the interaction may also keep orientation of
these element with respect to one another elements limits. This function occurs while a
motion module, a motion-restriction module and a motion-guiding module interact.
This may also be the case when elements are not displacing any more. In such a case,
modules may still be interacting. This may be referred to as a holding state.

The modules of the current system, in particular the elements, provide a reliable
displacement of elements. The result of a displacement is at least partially predictable.
Displacement follows at least part of a trajectory. Interaction between on or more
motion modules, one or more motion guiding modules, and one or more motion
restriction modules limit the displacement of a centre point with respect to one or more
other centre points of other elements to at least one trajectory. Such a trajectory may be
predefined. It may be a fixed route over a face. For instance a rail provides such a fixed
route.

The invention further pertains to a system comprising at least a first, a second and
a third three-dimensional element, each element comprising:

- a centre point in said element;

- a motion-guiding module, coupled to said centre point and defining a
trajectory over said element;

- a motion module, adapted for displacing the centre point with respect to a
second centre point of one of the other elements using the motion-guiding module of
that other element;

- a motion-restriction module, adapted for limiting the displacement of said

centre point with respect to said second centre point to at least one trajectory selected
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from the group consisting of said trajectory and a second trajectory of said other
element;

wherein said motion-guiding modules of at least two of said elements are
functionally coupled for enabling said motion module to displace the centre point of a
third displacing element which is in contact with one of the other two elements away
from the centre point of one of the other two elements and towards the centre point and
in contact with the other of the other two elements.

In an embodiment, said first face changes its interacting module for said
displacing. In an embodiment, while displacing, said motion module is coupled to said
first face.

In an embodiment, at least one module of said second face and at least one
module of said third face interact with a different module of said first face while
displacing.

In an embodiment, said modules of said second face and said third face interact
one after the other.

In an embodiment, said modules of said second face and said third face interact
one after the other with a different module of said first face for said displacing.

In an embodiment, said modules of said first, second and third face interact
alternatingly while displacing.

In an embodiment, for said displacing, at least one of said modules from each of
said first, second and third face interacts.

In an embodiment, each of said elements comprise a motion module. In
particular, each of the elements comprises at least one motion module. This increases
flexibility and speed.

In an embodiment, each of said at least one face of said elements comprises a
motion module. This again increases speed and flexibility, allowing elements to work
for instance autonomously, or in subgroups.

In an embodiment, each element comprises at least two of said faces. With proper
orientation of faces of an element with respect to one another, for instance motion in
two dimensions and eve three dimensions becomes easier to accomplish.

In an embodiment, said motion module is adapted for changing an orientation of
said one element, coupled to said motion module, and an other element, having a face

having a module interacting with said motion module, with respect to one another. In
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particular said changing orientation may comprise rotating said face coupled to said
motion module and a face facing said face coupled to said motion module with respect
to one another. More in particular, for rotating about an axis through said centre point
of said one element. The axis of rotation may be perpendicular to the face.

In an embodiment, at least one of said elements further comprises an orientation
module, adapted for changing an orientation of said one element and another of said
elements with respect to one another. In particular, said changing orientation may
comprise rotating said face coupled to said orientation module and a face facing said
face coupled to said orientation module with respect to one another, more in particular
rotating about an axis through said centre point of said one element. The axis of
rotation may be perpendicular to the face.

In an embodiment, said motion module is adapted for decoupling itself from said
face.

In an embodiment, said motion module is displaceable when it is decoupled from
said face.

In an embodiment, said motion module is displaceable to a neighbouring element
when it is decoupled from said face.

In an embodiment, said one element comprises at least two faces, and said motion
module is displaceable from one face to a next face of said one element.

In an embodiment, said motion module is displaceable inside said element from
one face to another face of said one element when it is decoupled from said face.
Allowing a motion module to move from one face to another, or even from one element
to another, may save on the amount of motion modules that are needed in a system of
elements.

In an embodiment, said motion module, said motion restriction module and said
motion guiding module comprise a holding state in which at least partially overlapping
facing faces are held in their mutual position, said holding state in particular involving
at least a motion module from one face and a motion restriction module from a face
facing said one face.

In an embodiment, each element comprises a holding module, coupled to a face,
for interacting with a holding module of a facing face for holding said face positioned
with respect to said facing face. The holding module hold at least one from position and

orientation. In an embodiment, the holding module of an element may engage another
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element. In an embodiment, said holding module comprises two parts, adapted to exert
a force to one another for holding elements positioned and/or in their orientation with
respect to one another. In an embodiment, one element actuates its first holding module
part to engage the second holding module part of another element. In this or another
embodiment, the other element may in turn actuate its second holding module part to
disengage from the first holding module part of the other element.

In an embodiment, said holding module comprises two parts, adapted to exert a
force to one another for holding faces positioned.

In an embodiment, said holding module comprises two parts, adapted to exert a
force to one another for holding faces positioned, and wherein said two parts are
provided to faces comprising said holding module, allowing each face provided with
said holding module to be held in position with respect to a facing face provided with
said holding module, with the one holding module part of a face interacting with an
other holding part of a facing face.

In an embodiment, said holding module comprises a holding state in which the
holding module holds faces positioned, and a released state in which faces can move
with respect to one another.

In an embodiment, said at least one face of said each element is connected to said
element.

In an embodiment, said motion module is connected to said face.

In an embodiment, the system further comprises a fourth such element
comprising at least the features of the first, second and third elements, and providing a
fourth of said at least one face to said system.

In an embodiment, for said displacing, said fourth face faces said first face.

In an embodiment, during said displacing said first element displaces in a first
direction, and wherein a further, subsequent, displacing comprises:

at least one module of said first face interacts with at least one module of at least
one different module type of said fourth face while further displacing in a further
direction different from said first direction, in particular at an angle to said first
direction.

In an embodiment, said first element further comprises a further at least one of
said faces, providing a fifth face to said system. For displacing said fifth face may face

said fourth face.
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In an embodiment, during said displacing said first element displaces in a first
direction, and wherein a further, subsequent, displacing comprises:

said fifth face facing said fourth face, and

at least one module of said fifth face interacts with at least one module of at least
one different module type of said fourth faces while further displacing in a further
direction different from said first direction during said displacing.

In an embodiment, the motion-guiding module of at least one of said elements is
adapted for providing said trajectory functionally around said element.

In an embodiment, said motion-guiding module of said at least one element is
adapted for defining a further, second trajectory crossing said predefined, first
trajectory. This allows in operation displacement of one of the other elements in two
dimensions. The trajectories for instance encircle or run around the centre point.

In an embodiment, said elements comprising at least two of said faces, provided
with a surface at a surface-distance from said centre point.

In an embodiment, at least part of said motion module is adapted for displacing
internally inside said element.

In an embodiment, at least part of said motion module is adapted for changing its
orientation inside said element.

In an embodiment, said elements comprise at least two of said faces, said
elements neighbouring one another and said motion-guiding modules of said faces
connected to one another.

In an embodiment, said faces comprise boundaries, with said motion-guiding
modules running to at least one of said boundaries.

In an embodiment, said motion-guiding module comprises a trail of detectable
indications, in particular a trail of electromagnetic radiation, like light, a magnetic trail,
an electrostatic trail, sound or ultrasound trail. When provided with one or more
sensors, the trail can be followed.

In an embodiment, said trajectory comprises a physical track.

In an embodiment, said trajectory comprises a rail. An example of this is for
instance a type of rails that a train uses.

In an embodiment, said trajectory at least partly follows a straight line.

In an embodiment, said element comprises at least one face comprising a surface

provided with said motion-guiding module.
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In an embodiment, said motion-guiding module comprises at least two motion-
guiding parts defining a plane.

In an embodiment, two motion-guiding parts have at least one crossing, in
particular said motion-guiding parts are straight and cross one another rectangularly.

In an embodiment, said element comprises at least one face comprising a surface
provided with said motion module, in particular said surface is a flat plane forming a
face of said element.

In an embodiment, said element comprises at least one face comprising a surface
provided with said motion module and said motion-guiding module.

In an embodiment, said element comprises a series of faces each having a
surface, in particular said faces defining said element.

In an embodiment, said element comprises a series of at least two of said faces, in
particular said element comprises a series of coupled faces forming faces of said
element.

In an embodiment, said element comprises at least 4 faces, in particular at least 6
faces, more in particular opposite and having a normal direction orthogonal normal.

In an embodiment, said element is a regular body.

In an embodiment, said element is substantially a block, more in particular a
cube. An advantage of cubes is that they allow easy stacking.

In an embodiment, said motion-restriction module comprises a first motion-
restriction module part, arranged for physically engaging an other element, and
restricting motion in a first direction having a component perpendicular to said
trajectory.

In an embodiment, said motion-restriction module comprises a second motion-
restriction module part, arranged for physically engaging an other element and
restricting motion in a second direction having a component perpendicular to said
trajectory and perpendicular to said first direction.

The invention further pertains to an element comprising:
holding means, adapted for interacting with a functionally aligned holding means of a
similar element, and comprising a holding state and a released state, said holding
means in said holding state engaged with said aligned holding means of said similar
element for holding said element positioned with respect to said similar element, and in

said released state disengaged with said aligned holding means, and
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sensing means for providing grab-detection, said grab-detection including detection of
one selected from an action leading to a grip of said element, having a grip on said
element, an action of releasing a grip of said element, and a combination thereof,
wherein said sensing means is functionally coupled to said holding means for upon said
grab-detection actuating at least one of said functionally aligned holding means
between said holding state and said released state. This element allows easy building
for instance by a human hand picking up and placing an element on another element, or
via other means that engage the element and moves it to another position or location.
The invention further pertains to an element, said elements being three-
dimensional and comprising:
- a centre point in said element;
- at least one face coupled to said centre point and said face comprising:
- amotion-guiding module, defining a trajectory over at least part of said face;
- amotion-restriction module, adapted for limiting the displacement of said
centre point with respect to a centre point of a similar element to at least one
trajectory selected from the group consisting of said trajectory and said
trajectory of said similar element, when interacting with said motion module;
- a motion module,
wherein said motion module is adapted to be coupled to a face of said element, and
adapted for displacing said centre point with respect to a centre point of a similar
element when interacting with the motion-guiding module of said similar element,
said motion-guiding module, said motion module and said motion-restriction
module defining different module types,
wherein for displacing said centre point of said element away from said centre
point of said similar element and towards a centre point of a further similar
element, a first face of said at least one face of said element faces at least one of a
second face of said at least one face of said similar element and a third face of said
at least one face of said further similar element, thus providing facing faces, and
wherein for said displacing:
- said motion module interacts with at least one motion-guiding module, and with
at least one motion-restriction module, with said facing faces providing said

interacting modules while displacing;
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- at least one module of said first face interacts with at least one module of at least
one different module type of at least one other of said facing faces while
displacing, and

said at least one module of said first face interacts with at least one module of a
different module type of said second face and at least one module of a different module
type of said third face. This element allows a system that may changes its shape
autonomously, or that changes its shape upon instruction. Elements can be able to
displace themselves: an element may displace autonomously, or upon instruction.

The invention further pertains to an element comprising:

-at least one face comprising an exterior surface for providing abutment for a face
of another, similar element;

-at least one holding module for holding said element with respect to at least one
other, similar element, said holding selected from holding position and holding
orientation;

-at least one motion module for moving said element with respect to at least one
other, similar element substantially along or on an exterior surface of at least one other,
similar element, said moving selected from displacing of a centre of mass with respect
to one another, displacing a geometrical centre with respect to one another, and
changing an orientation with respect to one another;

-a communication module for exchanging data with at least one other, similar
element, said data comprising at least one position status;

-a data processing module, functionally coupled to said communication module
for processing data from said communication module;

-an energy module functionally coupled for providing energy to at least said
displacement module, said communication module, and said data processing module,
wherein

wherein said data processing module comprises software which, when running on
said data processing module, comprises the steps of:

- retrieving a set position, selected from place and orientation and a
combination thereof, for said element via said data communication module;

- retrieving current position information;

- producing at least one motion instruction for said motion module for

moving said element from said current position to said set position by moving its
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exterior surface over or along said exterior surface of said at last one other, similar
element;

- providing said motion module with said at least one motion instruction.

In this respect, producing a motion instruction may comprise calculating a motion
instruction, or it may comprise calculating intermediate steps. Thus, it may comprise
calculating at least one motion instruction for moving said element towards said set
position.

Various features of elements and/or systems can be combined. An element may,
for instance, comprises a motion module, a motion guiding module and a motion
restriction module, and also comprise a holding module and a sensing module. A
system may comprise elements having all these modules. A system may also comprise
elements that have one or more of these modules or means, and other elements that
may have other of these modules or means. Furthermore, the features may differ per
face of an element.

In an embodiment, in operation said element is in physical contact with at least
one other, similar element with its exterior surface at least partly in contact with at least
part of an exterior surface of said at least one other, similar element.

In an embodiment, elements comprise at least one exterior surface and when
displacing, the surface displaces substantially parallel to an abutting exterior surface of
another, similar element. In an embodiment, the surfaces slide with respect to one
another, with for instance an air cushion between the surfaces, or with a small distance
for instance using magnetic levitation. An element can thus ‘hover’ over another
element.

An element can be characterised by its position and orientation. Both position and
orientation may be absolute and relative. The relative position can be defined as a
position of an element with respect to one or more other elements. Relative position
may also be defined as the position of an element in an object it forms together with
other elements, or the position in a group of elements. In an embodiment, elements may
be provided with a position sensing part functionally coupled to said data processing
module. The sensing part may be part of the sensing means discussed earlier.

In an embodiment said position sensing part comprises a relative position sensing
part for sensing the position of said element with respect to at least one other, similar

element. Such an element may be in contact with said element.
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In an embodiment said position sensing part comprises a local absolute position
sensing part for sensing the local position of said element with respect to a location
within a group of elements.

In an embodiment said position sensing part comprises an absolute position
sensing part for sensing the global position of said element.

In an embodiment an element comprises an orientation-sensing part functionally
coupled to data processing module.

In an embodiment, said orientation-sensing part comprising a relative orientation
sensing part for sensing the orientation of said element with respect to at least one
other, similar element which is in contact with said element.

In an embodiment said orientation-sensing part is adapted for sensing the
orientation of said element with respect to a force field, for instance a gravitational
force field, an electrostatic force field, a magnetic force field.

In an embodiment said motion module comprises a rail with displacer. In order to
actually displace an element with respect to another element, a displacer of one element
runs in or on a rail of another element. The displacer may physically engage the rail.
Alternatively, it may exert one or more forces to the rail, even without being in
physical contact with the rail, like for instance exerting magnetic forces.

In an embodiment said rails runs in at least two dimensions, in particular on/in
exterior surface.

In an embodiment, elements may comprise a shared displacer.

In an embodiment said motion module comprises at least one piezo element
(“stepper™).

In an embodiment said element comprises walls defining the outer boundaries of
an element.

In an embodiment, at least one exterior wall may be provided with a seal for
sealing space between surfaces of elements. Thus it is possible, using elements, to build
a leak-tight, or even an air-tight construction.

In an embodiment said seal has an engaging position and disengaging position.

In an embodiment said seal is circumferential or peripheral with respect to a wall
of an element. The seal may comprise parts that run along sides of a wall.

In an embodiment, at least one wall comprising a planar surface part.
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In an embodiment, an element comprises at least one functional surface, for
instance comprising a photovoltaic element. Alternatively or in combination, a
functional surface is provided with one or more display elements. A display element
may comprise one or more pixels that may form a display. In an embodiment, the
neighbouring surfaces of several elements may form a display. Thus, the elements
allow presentation of visual information. Furthermore or alternatively, the functional
surface may comprise touch-functionality and/or proximity-sensing, allowing
formation of for instance a touch panel. In an embodiment, elements can be combined
to form a display for playing movies, television, or games. In case of elements which
have sides smaller than 1 cm, the elements will in many instances combine the
functional surfaces into one display of combined element-functional surfaces.

In an embodiment, said element comprises a container space in said element, in
particular a closable container space.

In an embodiment said container space comprises a closure or an actuator for
closing said container. In an embodiment said actuator is functionally coupled to said
data processing module.

In an embodiment, said element comprises at least one actuator for selectably
operating said motion module, in an embodiment for retracting said motion module
within said element. In an embodiment said actuator is functionally coupled to said data
processing module.

In an embodiment, said data processing module may comprise any one selected
from: a memory, a master-slave setting, a dynamic master slave setting, a building
plan, time-based position instructions, a time keeping part.

In an embodiment, the size of the elements is 10 cm down to 0.1 micron, in
particular 1 ¢cm down to 0.5 micron, more in particular 1 mm down to 0.5 micron,
specifically 100 micron down to 0.1 micron.

The invention further pertains to a method for conveying material, comprising
providing said material in at least one element described above.

The invention further pertains to an element comprising:

-at least one exterior surface, for instance a wall, allowing displacement;

-at least one holding module, for maintaining a position of said element with

respect to or onto a similar element;
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-at least one motion module for displacing said element with respect to other,
similar elements substantially over said exterior surface; the motion module can also be
a separate part shared with at least one other element, see rail for example, or it can
induce linear displacement, rotation, displacing of centre of mass with respect to one
another, change of orientation with respect to one another; changing distance of said
element with respect to other, similar elements; Furthermore, a telescope part may be
provided on the element.

The element may further comprise:

-a communication module for exchanging data with other, similar elements; in
particular, said data comprising orientation, position with respect to others, fixation,
external physical parameters like temperature, sensor data, time, or software or
firmware updates, said communication module may be adapted for wireless
transmission of data.

The element may further comprise:

-a data processing module.

The element may further comprise:

-an energy module, for instance for providing energy to said motion module,
motion-restriction module, to said communication module, to said data processing
module, for instance providing said energy using electromagnetic radiation, wireless
transfer, energy from other, similar element, the energy module may also provide
storage or energy.

In this respect, ‘similar’ refers to elements comprising at least one face provided
with a holding module and a motion module that allows cooperation.

In an embodiment, the elements are functionally in physical contact with one
another. In particular, at least parts of their walls or external surfaces are in physical
contact with one another. In particular, an area of contact is defined.

Forces pressing one construction element onto another can be taken up via a
motion module, a holding module, and/or at least part of said exterior surface.

Elements may be combined in an object, where their position may be defined
with respect to the object or with respect to other elements. In this respect, the
neighbourhood may be of importance. In an embodiment, the neighbourhood is defined
as one beyond said element. In an embodiment, the neighbourhood may be two

elements beyond said element.
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In an embodiment, an element is at least partly produced using for instance 3D
printing. In an embodiment, plant cells may be used for producing a “wood” surface.
Such plant cells may be attached to a carrier substrate.

In an embodiment, elements in an assembly of elements work together, wherein
said elements have a master/slave setting, in particular a dynamic master/slave setting.

The invention further pertains to a game assembly, comprising a system
described above, and a computing device in communication with at least one of said
elements, said computing device running a computer program which, when operating
on said computing device, performs the steps of:

-requesting a user input for defining a start configuration of said elements;

-requesting a user input for defining an end configuration of said elements;

-communicating said start configuration and said end configuration to at least one
of said elements.

The invention further pertains to a computer implemented construction tool,
comprising a computer program which, when running on a computer device, performs
the steps of:

-defining in a memory a set of at least three elements, each element comprising:

- a centre point in said element, a relative position and an orientation;

- a motion-guiding function, coupled to said centre point and defining a
trajectory over said element;

- a motion function defining displacing the centre point with respect to a
second centre point of one of the other elements using the motion-guiding function of
that other element;

- a motion-restriction function, adapted for limiting the displacement of said
centre point with respect to the second centre point to at least one trajectory selected
from the group consisting of said trajectory and a second predefined trajectory of said
other element;

wherein said motion-guiding function of at least two of said elements define a
functionally coupling between elements for enabling said motion function to displace
the centre point of a third, displacing element which is in contact with one of the other
two elements away from the centre point of one of the other two elements and towards

the centre point and in contact with the other of the other two elements.
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In this respect, the construction tool may also be seen as a game, a game, or a
simulation, in which features of functional elements are modified and effects of
modification may be explored. Other functions may for instance be:

- sensing other elements;

- defining in a memory a start configuration of said elements;

- defining in a memory an end configuration of said elements.

The invention further pertains to a method for playing a game, comprising
providing a computer program which, when running on a computer device, performs:

- defining a set of at least three three-dimensional elements in a memory, each
element having a centre point and at least one face;

- defining in a memory a start state of said set of elements, by a start outer
boundary of said set of elements, and a at least a position of each element with respect
to said outer boundary;

- defining in a memory an goal state of said set of elements, which goal state is
different from said start state and requiring displacement of at least one element;

- providing a function toolbox comprising:

- a set of motion-guiding functions, said motion-guiding functions coupled to
said centre point and defining a trajectory over said element;

- a set of motion functions defining displacing the centre point with respect
to a second centre point of one of the other elements using the motion-guiding function
of that other element;

- a set of motion-restriction functions, adapted for limiting the displacement
of said centre point with respect to said second centre point to at least one trajectory
selected from the group consisting of said trajectory and a second trajectory of said
other element;

- a set of sensor functions providing information on the environment of an
element;

- presenting said function toolbox to a user and enabling said user to select at
least one function from said function toolbox for each element;

- providing for each element an element computer program operationally
coupling said selected functions, and which element computer program when executed
collects sensor input, relative position input, and allows motion;

- running on each element said element computer program.
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Again, a game may also be or comprise a simulation as explained above.

In particular, the method comprises providing input regarding the presence of
another element in contact with at least one face.

In an embodiment, said method further comprises defining in a memory a goal
state of said set of elements by an end outer boundary of said set of elements.

In an embodiment, said method further comprises defining in a memory a goal
state of said set of elements by defining for at least one element a requirement with
respect to said set of elements.

In an embodiment, said method further comprises defining in a memory a goal
state of said set of elements by defining for at least one element a requirement with
respect to at least one element of said set of elements.

In an embodiment, said method further comprises defining in a memory a goal
state of said set of elements by defining for at least one element a requirement with
respect to at least one specific element of said set of elements.

The behaviour of an element in an embodiment has a factor of randomness. For
instance a selection of a direction of motion may comprise a factor of randomness. In
an embodiment, the motion of an element may be based upon a genetic algorithm. In an
example, a random generator influences the selection of for instance the direction of
motion. In case such a random selection has a good effect, for instance it brings an
element closer to a final goal, a value of a weight factor associated with the direction is
increased. If the random selection has a bad effect, the value of the weight factor is
decreased.

In a broader sense, the behaviour of an element may at least partly be controlled,
or problems that an element or an assembly or system of elements face may be solved,
using an evolutionary algorithm. An element in this embodiment comprises a controller
comprising machine instructions using an evolutionary algorithm. An evolutionary
algorithm generates solutions to optimization problems using techniques inspired by
natural evolution. A genetic algorithm in fact is a type of an evolutionary algorithm.
Further examples of evolutionary algorithms are inheritance, mutation, selection, and
crossover. An evolutionary algorithm uses for instance mechanisms inspired by
biological evolution, such as reproduction, mutation, recombination, and selection.
Many of these algorithms and mechanisms have a factor of randomness or chance: A

property or a choice that needs to be made can at least partly be based upon a random
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selection. In this way, solutions and operational modes may be found that provide a
better solution to a problem.

Due to changes in the environment of elements and/or a vast amount of options,
an exact solution or even an optimal solution, and/or for instance a statistical
probability that a solution may reach an end goal, may not always be calculated within
an available time frame. When for instance one element changes its position, a
calculation at/of another element may become invalid.

Similar techniques, similar to evolutionary algorithms, differ in the
implementation details and the nature of the particular applied problem. As such, these
techniques are known in the art of computer software development. An element, at
least part of the elements, or an assembly of elements may use the following algorithms
or combinations thereof:

Genetic algorithm: Elements may use it for solving a problem, for instance in the
form of strings of numbers (traditionally binary, although the best representations are
usually those that reflect something about the problem being solved), by applying
operators such as recombination and mutation (sometimes one, sometimes both).

Genetic programming: Elements may use it for making their control instructions
more flexible. Effectiveness of for instance parts of computer programs in solving a
problem is evaluated, and their fitness is determined by their ability to solve a
(computational) problem.

Evolutionary programming: Usually, the structure of a computer program is fixed
and its numerical parameters are allowed to evolve.

Gene expression programming: - Like genetic programming, GEP also evolves
computer programs but it explores a genotype-phenotype system, where computer
programs of different sizes are encoded in linear chromosomes of fixed length.

Evolution strategy - Works with vectors of real numbers as representations of
solutions, and typically uses self-adaptive mutation rates.

Memetic algorithm - It is the hybrid form of population based methods. Inspired
by the both Darwinian principles of natural evolution and Dawkins’ notion of a meme
and viewed as a form of population-based algorithm coupled with individual learning
procedures capable of performing local refinements.

Differential evolution - Based on vector differences. Elements may use it for

solving numerical optimization problems.
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Neuro-evolution - Similar to genetic programming but the genomes represent
artificial neural networks by describing structure and connection weights. The genome
encoding can be direct or indirect.

Learning classifier system is a machine learning system with close links to
reinforcement learning and genetic algorithms. It for instance comprises a population of
binary rules on which a genetic algorithm altered and selected the best rules. Rule
fitness may be based on a reinforcement learning technique.

The elements or assembly of element may also use so called Swarm algorithms,
including:

Ant colony optimization - Based on the ideas of ant foraging by pheromone
communication to form paths. Elements may use this when confronted with
combinatorial optimization and graph problems.

Bees algorithm is based on the foraging behaviour of honey bees. When elements
face problems like routing and scheduling.

Cuckoo search is inspired by the brooding parasitism of the cuckoo species. It
also uses Lévy flights. Elements may use the algorithm global optimization problems.

Particle swarm optimization - Based on the ideas of animal flocking behaviour.
Elements may use this algorithm for numerical optimization problems.

Other population-based meta-heuristic methods comprise:

‘Firefly algorithm’, inspired by the behaviour of fireflies, attracting each other
by flashing light. This is especially useful for multimodal optimization.

Harmony search - Based on the ideas of musicians' behaviour in searching for
better harmonies. This algorithm is suitable for combinatorial optimization as well as
parameter optimization.

Gaussian adaptation - Based on information theory. Used for maximization of
manufacturing yield, mean fitness or average information. See for instance Entropy in
thermodynamics and information theory.

It was found that a deterministic set of instructions defining for an element its
actions does not always work: Sometimes, due to changes of and in the environment
and the number of options that are possible, a ‘best solution’ of actions to achieve a
goal does not exist, or may take too long to calculate. For instance, calculations in one

element may become invalid when another element changes its position or orientation.
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Alternatively, one or more subsets of actions may be defined to accomplish
intermediate goals.

The invention further pertains to a system comprising at least a first, a second and
a third three-dimensional element, each element comprising:

- a centre point in said element;

- a motion-guiding module, coupled to said centre point and defining a
trajectory over said element;

- a motion-restriction module, adapted for limiting the displacement of said
centre point with respect to the second centre point to at least one trajectory selected
from the group consisting of said trajectory and a second trajectory of said other
element;

said system further comprising

- a motion module, adapted for displacing the centre point of an element with
respect to a second centre point of one of the other elements, said motion module
adapted for engaging the motion-guiding module of at least one of the element;

wherein said motion-guiding modules of at least two of said elements are
functionally coupled for enabling said motion module to displace the centre point of a
third, displacing element which is in contact with one of the other two elements away
from the centre point of one of the other two elements and towards the centre point and
in contact with the other of the other two elements.

In an embodiment, said motion module, also referred to as a shared motion
module, can move along an element from one face to another. At a face, or a position
on a face, the shared motion module can functionally perform its function of motion
module. When moving along an element from one face to another, the centre point of
an element may remain at rest. In an embodiment, the shared motion module can even
travel from one element to a next element, in particular a neighbouring element.

The shared motion module in an embodiment engages the motion guiding
module. It thus uses provisions in or on an element that are already present. If, for
instance, the elements are provided with tracks, motion guiding module engagement
parts of the shared motion module may engage the motion guiding module. Such a
motion guiding module may for instance be provided below the surface of a face of the
element, like for instance a flush-mounted track. This allows a shared motion module

to displace below the surface of a face of an element.
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In order to be able to displace one element with respect to at least one other
element, the shared motion module may comprise a releasable attachment part for
attaching the shared motion module to an element. Releasing the attachment part
allows the shared motion module to displace with respect to an element, and activating
the attachment part keeps the shared motion module attached to an element. The
attachment part of the shared motion module may engage an element, for instance by
exerting a force, like a magnetic force. Alternatively, the attachment part may
physically engage the element. A mechanical attachment part can cooperate with
cooperating attachment parts provided in the element. For instance, the shared motion
module may comprise an anchoring pin locking into an anchoring hole in an element,
or vice-versa, the shared motion module can be provided with the anchoring hole.

In order to be able to displace an element, the shared motion module may
comprise an element displacement part. Such an element displacement part engages a
motion guiding module on an other element. Often, the other element is an element
which is in face contact with an element that (temporarily) houses the shared motion
module. The element displacement part exerts a displacing force on a motion guiding
module of another element. This can be a mechanical force, for instance from a wheel
running in a track, a gear wheel running on a rack rail, or piezoelectric elements
exerting force. Alternatively, for instance a magnetic force may be exerted. Often, the
element displacement part extends from a face of an element that is engaged by the
shared motion module.

In order to displace along an element, or even move from one element to another,
the shared motion module comprises a motion module movement part. This motion
module movement part may engage the motion guiding module of the element over of
in which the shared motion module is displacing. In an embodiment, the motion
module movement part is the element displacement part that is withdrawn to work on
the element that employs the shared motion module, or on or within the shared motion
module travels. For instance, one or more wheels may extend from the shared motion
module in a direction facing away from the element, thus enabling engagement of a
neighbouring element. These wheels may be retracted to extend from the shared motion
module at an opposite end, allowing engagement of the element using the shared

motion module.
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An element may comprise one or more storage provisions for storing a shared
motion module.

A shared motion module may comprise one or more of the functional parts of an
element that are mentioned in this description. A shared motion module may also
comprise at least part of one or more of the functional parts of an elements that are
mentioned in this description. For instance, a shared motion module may comprise one
or more selected form the group consisting of a data processing device, data storage, an
energy storage device, energy generating device, a data communication device, and a
combination thereof. These devices and or functionalities are already described in
relation to an element. This may even allow relatively simple elements only having
passive functional parts and shared motion modules having active parts for engaging an
element. In an embodiment, an element may comprise at least one motion module that
can displace from a functional position at one face to a functional position at another
face of an element, Thus, an element may be provided with one or more motion
modules, reducing complexity of an element. This no longer requires at least one
motion module for each face of an element.

In the current document, reference is made to three dimensional objects or 3D
objects. The elements are three dimensional. Thus, simply placing elements together on
a plane surface already makes an object three dimensional. A three dimensional object
according to the current description, however, refers to an object that is composed of
coupled elements and extending at least two elements in each dimensional direction.
Such a three dimensional object or 3D object would have at least 4 elements. In fact,
three elements might already form a 3D object when one or more elements are out-of-
plane with respect to the other elements.

In general, elements may comprise one or more faces that may be defined as
being “polar”. Suppose that one type of face may be defined as having the property
“plus” and another type of face may have the property “minus” with respect to at least
one of the motion module, motion restriction module, motion guiding module. Now
suppose that a plus face can only couple to and displace over a minus face. When using
elements like that, in general ordering of elements with respect to one another becomes
important when composing or building an object out of elements. In general
formulation, an element comprises at least one face that comprises at least one mirror

symmetry with respect to at least one face of another element in view of at least one
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selected from the motion module, motion guiding module and motion restriction
module when facing that other face. These symmetries may be referred to as inter-face
symmetry. In an embodiment, the at least one face comprises at least one mirror
symmetry with respect to the at least one other face with respect to its shape. Thus, two
elements have at least one orientation with respect to one another in which they have a
respective face and in which these faces fit on one another, can attach to one another,
and move or displace over each others surface. In order to provide flexibility to build
an object from elements, in an embodiment an element comprises at least two non-
polar faces. In an embodiment, an element comprises less than four polar faces. More
in particular, an element comprises less than three polar faces. Specifically, the polar
faces are not provided on opposite sides of an element.

On the other hand, elements may comprise one or more faces that have mirror
symmetry regarding motion modules, motion restriction modules and/or motion
guiding modules in one or more mirror planes normal to the face or faces. Thus, an
degree of intra-face symmetry may be provided. When using such elements, for
elements to couple such faces or to displace over such faces only requires proper
rotational orientation with respect to a rotational axis normal to those faces. When there
is mirror symmetry in two perpendicular mirror planes, then coupling becomes even
easier. When the respective faces are for instance square and these two mirror planes
run through the centre of the square, then two square faces always couple exactly on
top of one another. Thus, an increasing symmetry of a face with respect to its motion
module and/or its motion restriction module and/or its motion guiding module reduces
the need to check rotational orientation of elements with respect to one another. This
again increases flexibility when building an object from elements.

In an embodiment, at least one face of an element has mirror symmetry in a
mirror plane normal to the face and through the centre of the face. In particular, the
face has mirror symmetry in two mirror planes that are normal to one another and the
face. In an embodiment, the symmetry of the shape of the face and the symmetry of at
least one of the motion module, the motion guiding module and the motion restriction
module coincide.

The invention further pertains to a game comprising shape-shifting an object of

elements from a first shape to a second shape, wherein the position of at least one
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element with respect to at least one other of said elements changes during said shape-
shifting.

The elements can in fact form construction elements for assembling a physical
structure, for instance a building, a home, or the like. To that end, one or more
symmetries of the shape of an element simplifies construction of an object of elements.

The most familiar type of symmetry is geometrical symmetry. A geometric object
is said to be symmetric if, after it has been geometrically transformed, it retains some
property of the original object.

The most common group of transforms is the Euclidean group of isometric, or
distance-preserving transformations, in two dimensional (plane geometry) or three
dimensional (solid geometry) Euclidean space. These isometries consist of reflections,
rotations, translations and combinations of these basic operations. Under an isometric
transformation, a geometric object is symmetric if the transformed object is congruent
to the original. For the elements to easily produce an object, in an embodiment the
elements is symmetric under at least one isometric transformation.

In an embodiment, the elements have a shape to allow tessellation in at least two
dimensions. More formally, a tessellation or tiling is a partition of the Euclidean plane
into a countable number of closed sets called tiles, such that the tiles intersect only on
their boundaries. These tiles may be polygons or any other shapes. Many tessellations
are formed from a finite number of prototiles; all tiles in the tessellation are congruent
to one of the given prototiles. If a geometric shape can be used as a prototile to create a
tessellation, the shape is said to tessellate or to tile the plane, or, using elements, a
space. Certain polyhedra can be stacked in a regular crystal pattern to fill (or tile) three
dimensional space, including the cube (the only regular polyhedron to do so); the
rhombic dodecahedron; and the truncated octahedron.

To make stacking and formation of a three dimensional object possible without
the need to control orientation of an element, the elements have an identical shape, and
have a shape that allows filling a space. In two dimensions, tiling refers to filling a
plane with identical figures or a set of figures. In the current discussion, elements are
three dimensional and in an embodiment have a shape allowing substantially
seamlessly filling a space. This is also referred to as tessellation. In a simple example,
identical cubes easily fill a space. In general, for instance polyhedra can be provided

that allow filling a space. As such, in mathematics, such shapes are known. A space-
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filling polyhedron, sometimes called a plesiohedron (Griinbaum and Shephard 1980), is
a polyhedron which can be used to generate a tessellation of space. Tessellations in
three dimensions are also referred to as honeycombs.

Some literature state that the cube is the only Platonic solid possessing this
property (e.g., Gardner 1984, pp. 183-184). There are, however, other identical shapes
that allows tessellation. One can simply prove this by cutting a cube in regular pieces.
On the other hand or additionally, a combination of tetrahedra and octahedra do fill
space (Steinhaus 1999, p. 210; Wells 1991, p. 232). In addition, octahedra, truncated
octahedron, and cubes, combined in the ratio 1:1:3, can also fill space (Wells 1991, p.
235). In 1914, Foppl discovered a space-filling compound of tetrahedra and truncated
tetrahedra (Wells 1991, p. 234).

There seem to be only five space-filling convex polyhedra with regular faces: the
triangular prism, hexagonal prism, cube, truncated octahedron (Steinhaus 1999, pp.
185-190; Wells 1991, pp. 233-234), and gyrobifastigium (Johnson 2000). The rhombic
dodecahedron (Steinhaus 1999, pp. 185-190; Wells 1991, pp. 233-234) and elongated
dodecahedron, and squashed dodecahedron appearing in sphere packing are also space-
fillers (Steinhaus 1999, pp. 203-207), as is any non-self-intersecting quadrilateral
prism. The cube, hexagonal prism, rhombic dodecahedron, elongated dodecahedron,
and truncated octahedron are all "primary" parallelohedra (Coxeter 1973, p. 29).

In the period 1974-1980, Michael Goldberg attempted to exhaustively catalog
space-filling polyhedra. According to Goldberg, there are 27 distinct space-filling
hexahedra, covering all of the 7 hexahedra except the pentagonal pyramid. Of the 34
heptahedra, 16 are space-fillers, which can fill space in at least 56 distinct ways.
Octahedra can fill space in at least 49 different ways. In pre-1980 papers, there are
forty 11-hedra, sixteen dodecahedra, four 13-hedra, eight 14-hedra, no 15-hedra, one
16-hedron originally discovered by Foppl (Griinbaum and Shephard 1980; Wells 1991,
p- 234), two 17-hedra, one 18-hedron, six icosahedra, two 21-hedra, five 22-hedra, two
23-hedra, one 24-hedron, and a believed maximal 26-hedron. In 1980, P. Engel (Wells
1991, pp. 234-235) then found a total of 172 more space-fillers of 17 to 38 faces, and
more space-fillers have been found subsequently. P. Schmitt discovered a nonconvex
aperiodic polyhedral space-filler around 1990, and a convex polyhedron known as the
Schmitt-Conway biprism which fills space only aperiodically was found by J. H.

Conway in 1993 (Eppstein). Thus, mathematical tessellation is complex. In the current
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invention, in an embodiment substantial tessellation may already be sufficient. In an
embodiment, elements may be provided with sealing provisions that enable filling of
remaining spaces between elements.

Elements may be combined into an object by placing elements on top of one
another. Elements may also or additionally be held together by allowing at least some
of the elements in an object to exert an attracting onto other elements in the object.
When combining elements into an object, the elements may be placed substantially on
top of one another. Thus, elements may align in three dimensions.

Alternatively, for instance for providing more cohesion, the elements may be
combined in a bond. For instance, in two dimensions (in fact, one dimensional), in
stretching bond, or another known bond. These bonds are in general known to a skilled
person. These bonds can also be generalised in three dimensions. Thus, faces can
overlap partially in one direction. In the other two directions, elements align. Bonds can
also be designed in two directions. Thus, planes of elements are created. Bonds can
even be designed in three directions, creating a three-dimensional bond. Faces may, for
instance, overlap with only corner parts.

In elements of the current invention, in an embodiment the elements all have the
same shape allowing them to substantially fill a space. Gaps may remain. In such
instances, elements may be provided with gap-sealing provisions. In an embodiment,
to allow elements to displace with respect to one anther without help from additional
elements, the elements comprise motion modules guiding modules and motion
restriction modules on each face.

The above-explained inter-face symmetry and the intra-face symmetry may be
combined. Furthermore, these face symmetries may be combined with the shapes
mentions above. Thus, face symmetry and shape symmetry may provide an additional
flexibility in controlling, displacing, and building objects.

In an embodiment, the motion module, motion guiding module and motion
restriction module are designed in such a way that that an element that has two opposite
neighbours to move with respect to those neighbours in a direction away from those
neighbours while these neighbours maintain their position. In particular, this is the case
when the element was at first coupled to its neighbours. Before moving away or
displacing, the element detached from the neighbouring elements. More in particular,

an element is designed in such a way that it is surrounded by at least four neighbouring
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elements surrounding the element and at first coupled to the element, to move in a
direction away from the neighbouring elements. This is easiest explained based on
elements that are block-shaped and have the same size.

Suppose the 9 block-shaped elements form a block object of 3x3 elements. The
elements are in face-contact and motion restriction modules couple respective elements
of the 9 elements together in such a way that they form one object in the shape of a
block. Then there is one centre element that has 4 elements that are in face-contact with
the centre element, and there are four ‘corner elements’. If the centre element wants or
needs to move out of the 3x3 block while the other elements remain coupled and in
position, the centre element needs to displace in a direction that is perpendicular to a
plane of the object. In such a situation, for instance motion restriction modules of
relevant elements may be actuated in such a way that the centre element is no longer
coupled to the other elements. Now, motion modules can be actuated to set the centre
element in motion.

The elements are for instance symmetrical, for instance having three orthogonal
mirror planes. When the elements are block-shaped, easy stacking is possible.

The person skilled in the art will understand the term “substantially” in this
application, such as in “substantially encloses” or in “substantially extends up to”. The
term “substantially” may also include embodiments with “entirely”, “completely”,
“all”, etc. Hence, in embodiments the adjective substantially may also be removed.
Where applicable, the term “substantially” may also relate to 90% or higher, such as
95% or higher, especially 99% or higher, even more especially 99.5% or higher,
including 100%. The term “comprise” includes also embodiments wherein the term
“comprises” means ‘“consists of”.

Furthermore, the terms first, second, third and the like if used in the description
and in the claims, are used for distinguishing between similar elements and not
necessarily for describing a sequential or chronological order. It is to be understood that
the terms so used are interchangeable under appropriate circumstances and that the
embodiments of the invention described herein are capable of operation in other
sequences than described or illustrated herein.

The construction elements herein are amongst others described during operation.
As will be clear to the person skilled in the art, the invention is not limited to methods

of operation or devices in operation.
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It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many
alternative embodiments without departing from the scope of the appended claims. In
the claims, any reference signs placed between parentheses shall not be construed as
limiting the claim. Use of the verb "to comprise" and its conjugations does not exclude
the presence of elements or steps other than those stated in a claim. The article "a" or
"an" preceding an element does not exclude the presence of a plurality of such
elements. The invention may be implemented by means of hardware comprising
several distinct elements, and by means of a suitably programmed computer. In the
device or apparatus claims enumerating several means, several of these means may be
embodied by one and the same item of hardware. The mere fact that certain measures
are recited in mutually different dependent claims does not indicate that a combination
of these measures cannot be used to advantage.

Additional features described may allow increasing complexity of the system, or
may allow elements to function more or less autonomous. Elements may group
together to perform tasks, possible by features that all the elements have, or using one
or more features that only one or part of the elements have.

The invention further applies to construction element or parts thereof comprising
one or more of the characterising features described in the description and/or shown in
the attached drawings. The invention further pertains to a method or process
comprising one or more of the characterising features described in the description
and/or shown in the attached drawings.

The various aspects discussed in this patent can be combined in order to provide
additional advantages. Furthermore, some of the features can form the basis for one or

more divisional applications.

Brief description of the drawings

Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding
reference symbols indicate corresponding parts, showing an embodiment of a
construction element, and showing in:

Figures 1A-1F a perspective view showing several subsequent steps of an

example of mutual displacement of three elements;
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Figures 2A-2E a perspective view of several subsequent steps of another example
of mutual displacement of in this case four cube-shaped elements;

Figures 3A-3P a perspective view of several subsequent steps of another example
of mutual displacement of in this case 18 cube-shaped elements, and in figures 3N-3P
26 elements;

Figures 4A-7D relate to various possible motion modules, motion guiding
modules, motion-restriction modules and combinations thereof, in which in particular:

Figure 4A-4L shows a combined motion module, motion-guiding module
and motion-restriction module;

Figure 5A-5C show a motion module based upon magnetic forces;

Figure 6A-6D shows a separate motion module and motion-guiding
module;

Figures 7A-7D show an alternative combination of motion module, motion-
guiding module and motion-restriction module based upon piezo-elements;
Figure 8 shows a schematic drawing showing modules that may be present in an

element, and the interconnection between modules;

Figures 9A-9K Show the use of a separate, shared motion module;

Figures 10A-10H show a motion module that can change its orientation inside an
element;

Figure 11 shows an element that is going to be grabbed or was just released from
a grip.

The drawings are not necessarily on scale.

Description of preferred embodiments

In this detailed description of embodiments, elements have a general reference
number 1, and will individually be indicated with letters ‘a’, ‘b’, ... in order to
distinguish them from one another. In the discussion, the reference number 1 will be
left out when referring to element ‘a’, ‘b’, etc.. The elements a, b, ... can be identical.
They can also differ in shape or functionality. The elements have a centre 2 (only
indicated in element b of figure 1A). This centre can in general be a centre of mass
(also referred to as “centre of gravity”), or alternatively a geometrical centre (also
referred to as “centroid”) of an object. If an element has a uniform density, the centre of

mass is the same as the centroid.
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Each element 1 can have one or more faces 3 that are adapted to allow an element
1 to be positioned on or against another element 1. In particular, the one or more faces
3 can be adapted to allow elements 1 to displace with respect to one another with the
surfaces of face 3 in contact or almost in contact. In this detailed description, however,
other options will also be demonstrated.

First, some examples of elements and displacement of elements with respect to
one another will be demonstrated.

In figures 1A-1F, three elements a, b, and ¢ are of a triangular shape. In this
embodiment, each element 1 has at least one face 3 with a surface that allows the
elements to be in contact with one another and to displace with respect to one another
over the surface of these faces 3. This at least one face 3 of elements 1 thus have a
surface 3 that is adapted to allow for an element a, b, ¢ to displace over another element
a, b, c. In element b, a centre 2 is indicated. For the discussion, the nature of this centre
2 is not important: A centre 2 has a fixed position in its corresponding element 1.

Figures 1A-1F show an example six subsequent steps of element ¢ with respect to
elements a and b. Elements a and b remain at the same position and orientation with
respect to one another.

In figure 1A, starting positions of elements a-c are depicted. Element c starts
from a position in which it is in contact with the surface of one face of element a only.
Element c starts to move to the right side of the paper. In figure 1B, element c is
moving to the right and is positioned between elements a and b, and continues to move
to the right-hand side of the drawing. In figure 1C, element c is no longer in contact
with element a, Element ¢ now is in contact with the surface of a face 3 of element b
only. Element ¢ continues to move to the right side over the surface of face 3 of
element b, and in figure 1D it arrives at an end of the surface of face 3 of element b.
Element c is able to move on to the right and in figure 1E, it arrives at a position
depicted. In this position, halve the area of the surface of face 3 contacts the surface of
face 3 of element b. Element b now starts moving in a direction into the paper and cross
with respect to the earlier direction.

In Figure 1F, element c is shown in a rest position. In this position, a surface of
face 3 is only partly in contact with the surface of face 3 of element b.

In the example of figures 1A-1F, the elements a-c exert forces on one another

using the motion modules, motion-guiding modules and/or motion-restriction modules.
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These forces can be exerted mechanically, using electromagnetic forces, using
chemical forces, and any other physical forces, or a combination of these. In case of a
chemical force, a potential use of a reversible process which for example does not leave
traces on a surface may prolong the usability for future movement along such a surface.
When describing the movement phases it must be understood that movement may vary
in speed and acceleration. Even an interrupted sequence of move, no move and move
again is possible. When moving or not moving, an element may withstand one or more
forces exerted upon that element (internal or external) selected from the group
consisting of for example gravitational force, mechanical force, electrical force,
chemical force and climate forces. A potential use for an element is for example on a
different planet, in a fluid or in a vacuum like outer space.

Alternatively, element c is held on elements a and b via a mechanical means or
via for instance magnetic force. In this example, the surfaces of the faces 3 of the
elements a-c may actually be in contact with one another. Below, various embodiments
of motion modules, motion-guiding modules, and motion-restriction modules are
illustrated and which may be used for the motion shown in figures 1A-1F.

In the example of figures 2A-2E, four elements 1, indicated a-d, are shown.
These elements a-d displace with respect to one another. The elements 1 in this
example are identically shaped cubes. In this example, the faces of the cubes are solid
surfaces and the cubes rest on each other’s solid surface and can be under the influence
of a gravitational field. A starting position of the elements a-d is indicated in figure 2A.
If the displacement action indicated in figures 2A-2E would be repeated, the
construction of four elements a-d as a whole moves to the right.

In figure 2A, element a starts displacing along a surface of face 3 of element b in
an upward direction. Element a thus displaces towards element d. In fact, centre 2 of
element a moves away from the centre of element b and gets closer to the entre of
element d when it moves in the upward direction.

In figure 2B, element a arrived at a position closest to the centre of element d.
Element a now no longer contacts element b. Now, elements a and d together start
displacing to the right side of the paper. This may be done in several ways: Element a
may couple to element d, and a motion module of either element d or element b starts
acting on element d in the direction of (intended) motion. This results in a motion of

elements a and d. When elements a and d displaced so much to the right that a surface
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of face 3 of element a now contacts part of the face 3 of element b. Now part of a
motion module of element a may engage part of a motion module of element b. In such
a stage, the combined motion of elements a and d may be caused using the motion
module of element a, element b or element d, or combinations of these motion
modules.

In figure 2C, elements a and d are exactly on top of elements b and c. Elements a
and d continue to displace together to the right until the situation depicted in figure 2D
is reached. There, elements a and d stop. Now, element d starts displacing in a
downward direction, with its centre moving away from the centre of element a and
towards the centre of element c. Again, this motion can be caused by the action of a
motion module of element a, of element ¢ or element d, or a combined effort of any of
these motion modules.

In figure 2E, the elements a-d are in fact in a similar external configuration. Thus,
in fact the same construction as in figure 2A results, but displaced to the right with a
displacement which equals the length of a side of an element. Next to having displaced
elements a-d another additional aspect of the invention will be described:
transportation. When an object is temporarily coupled to element a, for example
placing a basket with material on top or inside element a; element a now uses it’s own
or the other elements movement ability to transport this other object from one position
to another position. Alternatively, an element may comprise a build-in storage space.
Thus, the element may functionally be or comprise a container for holding material.

In figures 3A-3H, a construction of 18 elements 1 in fact changes its shape by
moving elements with respect to one another. All the elements have an identical shape.
The functionality of the elements may differ. Thus, the functionality of the new
construction may also differ.

In the arrangement of 18 elements 1, the top 9 elements are indicated a-i. In order
to get to a new arrangement of these elements depicted in figure 3H, many schemes are
possible. Figures 3B-3G show several intermediate arrangements of the elements. One
of these possible schemes is to first displace the complete row d-f two positions to the
left (figure 3C), then displace element c to the left until its centre is closest to element e
(figure 3D), then displace element f in a position where its centre is closest to the centre
of element c (figure 3E), then displace the elements ¢ and f to the left until elements b

and c touch (and may lock) (figure 3F). Then displace element e down until it reaches
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the position shown in figure 3G. This can be done using the (or part of the) motion
module of element d, f, the element below element d, and element e, or a combined
action of a selection of these elements. Next, element d moves to the left until the
configuration of figure 3H is realized. This scheme thus requires 7 steps, displacing a
total of 4 elements (c, d, e, f) a total of 12 positions: when going from figure 3A to
figure 3B, a displacement of three positions occurs, from figure 3B to figure 3C three
positions, from figure 3C to figure 3D one position, from figure 3D to figure 3E one
position, From figure 3E to figure 3F two positions, from figure 3F to figure 3G one
position, and from figure 3G to figure 3H again one position. This adds up to a total of
12 positions. The same end situation or configuration of elements can also be reached
in another way. This is shown in figures 3I-3M. For ease of understanding, figures 3A
and figure 3H are repeated in the drawings. First elements a-c are displaced together
one step along elements d-f to the left as in figure 31. Subsequently (fig. 3J), element f
1s displaced in the direction into the paper until its centre is at its closest position with
respect to the centre of element c.

Next, in figure 3K elements a-f move as a group one position to the right.
Alternatively, a, b, ¢, f move as one group and d, e move as a second group. Speeds
may differ. Next, element e moves to the right (figure 3L). Figure 3M depicts the
intermediate position of element e while moving down; in this position element e uses
element f and in parallel or sequentially uses the element on the left side of element e.
Subsequently the composition of figure 3H is again realized. This scheme requires five
steps (not counting figure 3M), displacing 6 elements (a-f) a total of 12 positions. The
last scheme may require a smaller amount of (kinetic) energy, for instance element d
has now been displaced only 1 position.

In figures 3N-3P, it is illustrated how an element 1 can move when it is
surrounded by other elements 1. Here, in figure 3N 26 element 1 are assembled into a
single cube, with one free space in the right centre row of elements 1. The 26 elements
thus form one object: a cube with one opening. In figures 3N-3P, the top 9 elements 1
are lifted only for illustration purposes. Element ‘e’ is thus in figure 3N in face-contact

b

with 5 other elements 1, including elements ‘b’, ‘d’, and ‘h’. The motion module,
motion guiding module and motion restriction module in this embodiment allows the
element ‘e’ to move to position 30 and further on to the position indicated in figure 3P

while the other elements 1 remain at their position. Below, several examples are
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presented of embodiments of the various modules. These modules, or variations
thereof, allow an element (or clusters of elements) that is (are) at several sides enclosed
by other elements, to leave an object or displace within an object. In the example of
figures 3N-3P, the motion module of element ‘e’ will use the motion guiding module of
at least one of the elements with which it is in ‘face contact’. In an embodiment, in
order to prevent element ‘e’ from getting blocked, element ‘e’ may use the motion
modules of all but its faces 3 that are either facing away from a direction of motion, and
its face 3 that faces the direction of motion. In a situation where the object is subjected
to a gravitational force working in the direction towards the bottom of the drawing, it
may be conceivable that only a motion module in/at the lower face (opposite the face
that carries the identification ‘e’) is operative. To get to the position indicated in figure
3P, the motion module of element ‘e’ in an embodiment subsequently uses for instance
motion guiding modules of the element 1 directly below element ‘e’ in figure 3N,
and/or the element 1 below element ‘e’ in figure 3P, or a combination of the two if
possible. Alternatively or in combination, element ‘e’ may also use motion guiding
modules and/or motion modules of elements b, c, h, 1 if possible. In general, it may use
motion guiding modules and/or motion modules of elements in contact with element
‘e’

When comparing end positions and the way that theses end positions are
accomplished, several aspects can be taken into account. At a highest level, the
performance of the system of elements as a whole may be evaluated. At a lower level,
the performance for a group of elements may be evaluated. At the lowest level, the
performance of a single element may be the subject of performance evaluation. These
aspects for instance may have to do with the (in)equality of elements, element
limitations, principles on how to handle forces acting upon an element and inter-
element, required intermediate positions, principles used for navigation or problem
solving, the speed at which a certain configuration of elements is being reached, energy
consumption.

To achieve a certain position fuzzy logic, artificial intelligence, data mining
techniques, machine learning, (path finding) algorithms, proportional logic, game
theory, or other methods known in the field may be used. Elements may be steered or
controlled from one or more central points. Alternatively, elements may be adapted to

make their own decisions. In yet another alternative, elements may use distributed
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control. Thus, several degrees, levels or combinations between being steered or
controlled and making own decisions are possible. Thus, an element or a group of
elements can operate autonomously, for instance using data or information obtained
from other elements and/or other sources. An element can have agent functionality and
may learn from the feedback of its environment. An element may investigate, by
computation, several potential actions or sequence of actions it is able to make.
Subsequently, the element may determine either for itself, or for one or more other
elements, which action has the highest benefit to the element, or to one or more other
elements. It may then select that action or sequence of actions, and execute that action
or sequence of actions. Furthermore, the timing of an action or sequence of actions may
be taken into account: Elements may be planning their sequence of actions wherein the
planning may take into account actions from other elements, or it may anticipate
actions by other elements. Elements may receive only part of the information needed to
accomplish a final configuration of elements and therefor need to communicate to other
elements or devices. Client-server, master-slave, peer-to-peer, push or pull systems,
polling, swarming- or other (hybrid) methods/technology may be used or adapted.
Sometimes parallel movement (of individual elements or groups of elements) occurs
next to sequential movement. So the movement of element d and element e to their
final position could have occurred in one step from figure 3F directly to 3H at the same
time instead of sequentially as described in the current figure 3F followed by 3G
(movement of element e) and 3H (movement of element d). Sometimes a certain
configuration of elements can only be reached by a method where one element is
helping another element. A helper element can temporarily be inserted and used, then
retracted from the other elements and thus not have a position in the final configuration
of elements at all. Due to the reusability of the elements a large number of
configurations of elements can be achieved over time. Well-designed elements do not
have to be recycled but can be re-used, even for different purposes. This lowers the
burden on our natural environment in several ways. If an element in an object does not
function properly or is broke, it may easily be removed, for instance by actions of other
elements, and replaced with a functioning element. The element may also be serviced.
A set of elements can assume a first configuration, and then move with respect to

one another into a second configuration. Thus, the set of elements together are first in a
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first shape, and then in a second shape. This is also referred to as ‘shape shifting’. In
this process, the elements may be reused.

This shape shifting by displacing reusable elements allows for example the
formation of a table from a group of elements. When at a later stage this table is not
required any longer, at least one element from the group can be instructed to exert some
form of control over, or to communicate to, at least one other element of the group.
This can be direct, wireless, but may also be accomplished by for instance a messenger
element which can be inserted or added and which transfers the message to an element
out of the group and then returns. A task of the group of elements may thus comprise
changing its current shape, for instance a chair, into a table, and back again into a chair.
Thus, the elements start moving with respect to one another. The constellation of
elements that first fulfils the requirements of a chair shifts its shape to a constellation
that fulfils the requirements of a table. The constellation of elements can then
reorganise itself to fulfil the requirements of a chair according to input given or already
available at an element. Thus the task of reusing the elements is executed by the
elements.

Interaction with a human being exerting physical control, for example picking up,
stacking, or replacing one or more elements, is not needed. This is a different method
than building constructions with for instance Lego, in which human interaction is
required. It is clear in this example that some form of intelligence or rules regarding
mechanics, construction, architecture may be applied by an element or given to an
element by a device, such that a person can actually use the chair to sit upon without
the chair falling apart due to for instance the disintegration or disconnection of
connected elements.

The elements can be physical at various scales. First, their size can vary. Their
size may be comparable to playing blocks. Thus, an element may have a cross section
of between 1-5 cm. An element may be a building block for constructing a building. In
such an instance, a building block may have a cross section of about 5-50 cm. The
elements may also be so small that the human eye can hardly discern the individual
element. In such an embodiment, an element can have a diameter smaller than 1 mm. In
particular, the diameter can be smaller than 100 micron. This may require the use of
nanotechnology and for instance molecular or atomic motors. These elements can be

used to build parts of this invention, as can larger elements the size of bricks or prefab
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concrete elements that may form a building. When leaving out the physicality of the
elements, the elements can be simulated in order to determine or predict whether a
configuration of elements can be achieved. In order to achieve a goal state when
starting from a begin or start state, an element may need a combination of a program or
app, with functionality which allow some functions to be performed. These functions
steer actuators available in an element. Available sensors may give the element or the
program input, potentially resulting in a different outcome of a function or a group of
functions. These attributes and interactions as such may be known in the field of
robotics.

From this a game or simulation, may be construed, which may be using physical
or virtual elements or a combination of both. In such a game, it can be the task of a
player to select the right program and the right functions/functionalities in order for
elements to achieve a certain goal state out of a begin state. This game can be played by
a human being alone, or by a computer. It may be played by at least one human being
against at least one other human being or against at least one other computer, or a
combination thereof.

Specific parameters measure the success; parameters like consumption of energy,
speed, amount of moves of an individual element or of the group as a whole, amount of
memory/cpu usage, strength of the goal state, or time required to reach the end state.
When applying this with a certain degree of autonomy of elements and randomness for
example by using artificial intelligence, the outcome may in advance not be known to a
player. An overkill of regulating constraints to an element may restrict an elements
ability to respond well to other situations/goal states; there may also be a trade-off
between specialization and generalization. A player can for instance design on a game
device a certain goal state and give certain elements selected properties: a selection
from a group of programs, of actuators or motion modules, of sensors, of functions, of
energy systems, and of communication systems. It must be understood that these
properties of an element may act on other elements or devices. The design can be used
by at least one element. The design is provided in part or as a whole to one or more
elements and the elements start the displacement and depending upon the given
properties the design, actually being a goal state can be accomplished or not. Changing
the design allows for the elements to try to achieve another goal position. The elements

can be physically or virtually, and displace themselves according to the given
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properties. Elements may be configured in order for the elements to exchange at least
one property or functionality with one another or with another device. Elements may
comprise memory in order to recall previous situations or compute potential future
situations. This as such is known in the field of computer science. A goal state can be
defined in different ways. For instance, the outer boundaries of a set of elements can be
used as a goal state. For example, the end shape is a cube, or a plate.

The goal state may be functionally defined at element-level. For example, each
element must have at least one face in contact with another element; each element must
have at least 2 faces free.

A goal state may also be a list of locations, absolute or relative to other elements,
of elements, or for instance specific elements have predefined end positions, again
either relative, absolute, or a combination of both.

A goal state may also be represented by a mathematical function, general or
mathematical demands or requirements on an assembly of elements, for instance, the
assembly or configuration of elements must have a particular plane of symmetry, a
hollow space inside, a defined circumference, a defined volume, number of layers, etc.

A goal state may also be functional. Elements having a defined functionality or
property are at a certain position. Or the position should be such that the function is
optimized. For instance, elements having a photovoltaic face should be located and/or
positioned such that their production is maximized. The goal state may even evolve,
change or be modified, even during the motions of elements towards the original goal
state. The goal state may for instance change due to environmental influences, like
day/light rhythm, temperature, etcetera, or may be time-dependent. A goal state may
also be a negative definition, or be an exclusion.

Additionally, outside interaction may be possible. For example, inserting or
removing an element to or from a certain state. This may be done physically for
instance by a human being by using his/her hand. When done by taking into account
how elements may attach/interact to one another, an element adjacent to a newly added
element may notice/sense this interaction and use this for its own and potentially for
other elements’ behaviour in the configuration of elements. When going back to the
example of designing a goal state on a device, the inserting or removing of at least one
element may be taken into account by that device as well. Alternatively, a predesigned

goal state may be used.
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An example of this is a child designing a castle using the elements. Imagine the
child using a computer device. There are many examples of usable devices. For
instance a handheld device, such as for instance a handheld device comprising a
(touch)screen. An example of such a device comprises a smartphone, an iPad, a smart
watch or similar device. These devices may receive user input via a touchscreen, voice
control, receiving muscle or nerve input, or other input means.

Suppose a castle is constructed using elements. Physically, the castle formed in a
room by action and displacement of the elements themselves. After or during said
formation, the child extends the castle by physically adding two more elements. A
device may for instance comprise an “app” running on a device like the iPad, which
receives information from an element forming part of the castle that the two elements
are added. The child may save his/her altered version of the castle. When done playing,
the child instructs the elements by means of the app to move to a certain begin state.
Such a begin state may be compact so that his/her room may be used for other
purposes. This example may then use wireless communication or multiple devices, like
for instance multiple iPads, which are used to make a joint configuration of elements
even at remote or uninhabited locations (like on planet Mars).

Another goal may be the following. Due to for instance displacement or a change
or orientation of one or more elements, conditions may be optimized. For example, the
elements may optimize growing conditions for plants. This may be achieved by for
instance physically moving one or more plants, providing shade by covering the sun.
Two assemblies of elements can displace two plants or groups of plants with respect to
one another in such a way that the growing conditions for both plants are optimized. In
an embodiment, elements may form a container, for instance a pot, holding the plants.
In such a container, one or more elements may for instance provide an opening in the
container for allowing excess of water to flow out of the container. Parts of the
container may form a sunshade, or the elements may completely move the plant.

Communication may replace a certain type of sensor functionality. An element
may use a sensor to detect only its direct neighbour. Alternatively, a sensor may be able
to detect another element two positions further, or an element may ask or receive
information from an other element if that other element is in contact with the element
two positions further. Sensors can use contact/proximity detection by using the

electromagnetic or the audio spectrum.
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Another example is when two users play a game on for instance two separate
devices, for instance on two iPads, two users play a game in which reaching a certain
given goal state physical or virtual is the purpose of the game. As described earlier, this
can be accomplished by selecting the right properties, functionality or tools for the
elements. In this game there may be limits on certain properties or limits on how many
different element configurations can be used for a certain goal state when playing a
level of that game. An approach akin to the program Minecraft or other virtual worlds
can be accomplished with for instance the difference that the current elements may
physically build what is virtually designed when using design rules applicable to a
physical element.

In figures 4A-7C, various embodiments of motion modules, motion-guiding
modules and motion-restriction modules are illustrated. These embodiments are
examples showing ways to work the invention for physical elements 1.

In figures 4A-4C, a cross-sectional view, detail and top view are shown which
illustrate a mechanical solution that combines a motion module, a motion-restriction
module and a motion-guiding module. In figure 4B, a cross section is shown of parts of
two elements 1, 1’ that are positioned on top of one another. Faces 3 are almost in
contact. In fact, if their surfaces have little to almost no friction, the surfaces can in fact
be in contact. Otherwise, one of the three modules (motion, motion-guiding and
motion-restriction) will cause a little distance between the faces 3.

In the embodiment of figures 4A-4C, an embodiment of part of two elements 1 is
schematically shown. Part of the motion module 10 of element 1 is a retractable wheel.
Another part of the motion module is the part of track 11 that provides an engagement
surface of the tread of the retractable wheel. The track 11 further provides part of the
motion guiding module and of the motion restriction module.

Element 1’ has in this embodiment the same modules. Figure 4A shows one
element in top view, and figure 4B shows a cross section of figure 4A as indicated, but
with a second element on top of it and also cross sectional view.

In figure 4B, the retractable wheel of element 1 extends and engages a motion
guiding module of element 1°, here track 11’ of element 1°. Retractable wheel 10° of
element 1’ is here in its retracted position. Retractable wheel 10 of element 1 in its
extended position engages track 11°. In element 1, in order not to hinder the retractable

wheel 10, a slidable cover 12 is in its inactive position. It slides here to the right in the
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drawing. Element 1’ has its slidable cover 12’ closed. In this embodiment, the cover
12’ together with track 11 provides a continuous track. The track 11 is sunken with
respect to the surface or face 3. In figure 4C the motion module is shown in more
detail. The motion module 10 comprise retractable wheels, comprising a strut 18
coupled to a shaft 16 that is cross with respect to strut 18. In this embodiment, shaft 16
carries wheel 17. A driving motor for the wheel 17 here is an electromotor 19 that can
be provided as a rim motor inside wheel 16. Alternatively, the electromotor may be
provided in shaft 16. Here at opposite ends of shaft 16, parts 15 of the motion-
restriction module are provided that many be extended and retracted in the axial
direction of shaft 16. In extended position, it can engage in a groove 14 (figure 4B),
and in retracted position the motion module 10 can be retracted.

In figure 4A, only one face of an element is shown. In an embodiment, of which
parts are already discussed above, the element 1 may be a cube. Such a cube can be
provided with six similar faces. In fact, the six faces may also be identical. In the
embodiment of figure 4A, a face carries a cross shaped track. Here, the centre of the
cross is located at the centre of the face. In an embodiment, the element may have
further faces that are provided with a similar, cross-shaped track. In order for elements
to be able to displace with respect to one another in a flexible way, the track on one
side functionally connects to the track on another, neighbouring face. In the example of
figure 4D element 1 has one single, closed, sunken, track that runs all around four sides
or faces of the element 1. In this drawing, groove 14 differs from the embodiment of
figures 4A and 4B. One of the walls of the groove 14 runs equal with the surface of
track 11. In the embodiment of figure 4A, the element has at least two tracks. These
tracks have two crossings at opposite faces, and in figure 4A one of the crossings is
visible.

Now suppose two elements 1 of the type shown in figure 4A that are positioned
with their face in contact. In order for a third element having the wheel as shown in
figure 4B to move over the face of one element 1 and continue over the neighbouring
element 1, A similar neighbouring element must have a similar sunken track at the
same level to allow the moving module to traverse the two gaps (each element causing
one gap. It may also be seen as one single gap). Figures 4E-4L schematically depict 3
elements 1; a, b and c, in a cross-section parallel through the centre of the tracks of the

elements. The gaps in the lines resemble the gaps of figure 4D of the closed track
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around the element. Figure 4E shows that the extended wheel module 10 of element ‘a’
is running in the track of element ‘b’. Figure 4F depicts the situation where the wheel
module 10 tries to traverse the first gap. It is obvious that there is no traction by which
the wheel module can displace element ‘a’ any further in the direction of element ¢ by
itself. One or more helper elements 1 attached to element 1 ‘a’ may in this case solve
that problem. Potentially the element 1 of figure 4D has a different motion module 10:
a motion module 10 with multiple wheels (Figure 4G). First such a motion module 10
extends towards the track. Subsequently the motion module 10 extends its wheel base
length and two wheels will be following the track. In this embodiment, a frame
connecting both wheel axes extends. The wheels in figures 4G and 4H may have half
the width of the single wheel of figure 4E. In that way, these wheels if the embodiment
of figure 4G and 4H can slide out of one another and fit into the track. The distance
between the rotational axes those two wheels is such that the two wheels span the two
gaps, which is depicted in figure 4H: When one wheel has no traction, the other wheel
has traction. The distance between the rotational axes of the two wheels may be set.
These two wheels may be jointly or independently of one another use a motorized part.

In another embodiment, multiple motion modules 10 are provided at a certain
distance from one another. This allows for movement while one of the motion modules
10 crosses the two gaps and another motion module 10 moves over track 11 (figure 41-
4L).

Figure 41 shows an element 1 having two extended motion modules 10 which are
moving element a on element b and towards element c. In figure 4J the right wheel has
no traction any more, due to the first gap. The left wheel uses its power to continue the
displacement of element a. In figure 4K the second gap is reached. Still, the left wheel
engages element b and pushes element a further towards element c. In the situation of
figure 4L, both wheels have traction again: with the left wheel engaging element ‘b’
and the right wheel engaging element ‘c’. The wheels may change roles if element ‘a’
is completely on top of element ‘c’.

In the embodiment of a cube-shaped element, in fact three continuous tracks are
provided that encircle the cube and that cross one another. Each track usually crosses
the other track at two crossings. In fact, more tracks are possible that each have other
advantages. In particular, an embodiment will be demonstrated in which one or more

tracks can be made over a face at almost each chosen path over the face. In this
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document, such an embodiment is provided using magnetic parts. Specific other
layouts of track that are mentioned here are providing a face with two sets of two
tracks. Each set crosses the other set. The tracks of a set can be provided symmetrically
with respect to the centre of a face. Thus, in fact the tracks are laid out in the shape of a
#-sign. In particular, two sets of parallel tracks are perpendicular with respect to one
another. When providing a cross-shaped track an element, in particular when it is a
cube, can usually only move on another element when a face of both elements face one
another, are parallel to the direction of motion. In particular, these faces are in-plane.
Thus, when another motion is required, the help of another element may be needed. An
advantage of the cross-shaped track is the relatively simple layout. Furthermore,
motion can be provided using a single motion module on each face, at the crossing of a
track. Thus, in the embodiment of a cube, six motion modules may be needed to enable
full motion capability. In the embodiment of figure 4A, each track 11 is provided with
four motion modules. This may be needed to provide sufficient traction, supple motion.
Other placements of motion modules in the track may be possible, and another number
of motion modules per track may be used. In a simple embodiment, already mentioned,
one motion module at a crossing of a track may be sufficient under certain conditions.

Figure 4B shows in schematic cross-section an embodiment in which a motion
module 10 is shown in more detail. In this embodiment, a part of the motion module 10
is an extendable driving unit that can move up and down with respect to a face 3, 3. It
can be retracted, leaving the face 3 free, and it can be extended in order to extend
beyond the surface of a face 3 and to engage a track 11 of another element.

In this embodiment, many ways can be devised to provide a motion-restriction
module. Furthermore, many ways can be found to provide a motion-guiding module. In
this embodiment, a mechanical solution is presented. Thus, part of a motion-restriction
module and a motion-guiding module are provided using a set of grooves 14 at both
sides of track 11. The grooves 14 here provide opposite normal abutments working
along a line normal to the face of an element, and opposite transverse abutments
working along a line in-plane with respect to a face and cross with respect to the track.
In a simple embodiment, the grooves 14 have a rectangular cross section. Here the
grooves are parallel to the face, and parallel to track 11. Thus, the grooves 14 together

provide part of a motion-restriction module and a motion-guiding module. In fact,
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grooves 14 can be seem as partly undercut grooves, comprising an undercut at both
opposite longitudinal sides of the groove 14.

In this embodiment, another part of a motion-restriction module and a motion-
guiding module is realized through parts 15 running in the grooves 14. The parts 15 run
in grooves 14 and provide abutments in the grooves 14. The various principles shown
here can be combined.

In figures SA-5C an alternative embodiment for the motion module, motion
guiding module and motion restriction module is demonstrated. This embodiment
demonstrates an embodiment that avoids mechanical means for realizing a motion
module, a motion-guiding module and a motion-restriction module. Parts of a non-
mechanical embodiment and a mechanical embodiment may be combined. This
embodiment uses magnetic force. To that end, permanent magnets and switchable
magnets may be combined.

The following embodiment can be realized in an element. In figure 5A, the
elements 1, 1’ both comprise at least one strip of magnets 40 that can be switched on
and off. Thus, the parts in a strip can be selectably activated. In this way, the strips in
two elements can together form a distributed linear motor. In fact, the principle of a
linear motor as such is known in the art. In this embodiment, such a linear motor is split
into two separate parts. This allows the motor to function as a motion module. Using
the magnetic force, the opposite strips 10, 10’ in two elements that are on top of one
another with their strips above one another can even provide at least part of a motion-
guiding module.

In this embodiment, additional strips can be provided at the surface of an
element. In an embodiment, two strips can be provided in/at a face of an element.
These strips can be substantially parallel. Thus, the strips can function as a motion
module and a motion-restriction module. In an embodiment, two elements 1, 1’ are
positioned one on top of the other. Both elements comprise two strips of selectably
activatable magnets 40 and that are parallel with respect to one another. The strips of
the one element are furthermore substantially parallel with respect to the strips of the
other element. Now, if several opposite parts of the strip of two elements that rest on
top of one another are actuated in an opposite way, the strips can even provide a
motion-restriction module. When activating the parts in one element in an opposite way

with respect to parts in the strips of the other element, parts of the strip of one element
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are poled in one way, for instance north or south, and these parts are opposed by
opposite poles, i.e., respectively south or north, of parts of the strip of the other
element. Thus, the strips now attract one another. In the embodiment described, a mode
is illustrated in which both elements change the polarity of their magnets and
cooperate. In an alternative mode of operation, one element can change the polarity of
its magnets, while the other element leaves the magnet poles static. The magnetic force
of the magnets may be adjustable.

The elements may be provided with at least two strips of magnet parts 40 at or
near one face 3 and that are provided substantially in a cross. As such, this is discussed
above in a mechanical embodiment. It may also be possible to provide several strips at
one face.

The use of selectably switchable magnet parts 40 can even be provided in the
following embodiment, providing control over the motion with respect to one another
of two elements that rest one on top of the other. In figure 5C, an element is provided
with a two-dimensional (2D) grid of selectably activatable magnet parts 40 or magnet
patches. Magnet parts 40 may be integrated into the surface of a face 3 of an element 1,
but may also be provided below the surface of a face 3. When elements 1, 1’ are placed
one on top of the other with the faces 3, 3’ contacting one another, and the magnet parts
of the elements are activated in a controlled manner, this can provide a 2D motion
module. When opposite magnet parts 40 are activated in an opposite way, the 2D
magnet parts 40 that are provided in a grid provides a motion-restriction module. By
selectable activating magnet parts 40 in a 2D grind in one element 1 and in the opposite
element 1 resting on to of element 1, the magnet parts 40 in both 2D grids interact.
When opposite magnet parts are poled oppositely, two elements are attached and stick
together. When subsequent magnet parts are activated, the effect of a plane-motor is
realized. Subsequently activating magnet parts along a line over a face 3 will move
elements 1 with respect to one another along that line. In fact, the 2D magnet parts thus
also provide a motion guiding functionality. Faster motion may be achieved by
activating groups of magnet parts 40.

The 2D grid of magnet parts 40 and the strip of magnet parts 40 may be

combined.
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The magnet parts 40 may be provided below a low-friction surface of a face 3.
For instance, a polymer material may be used. In particular, PTFE or a similar low-
friction polymer material may be used.

In addition to the at least one strip and/or the 2D magnet parts grid, at least one
mechanical motion module, motion-guiding module and/or motion-restriction module
may be provided. For instance, a mechanical motion-restriction module may be
activated to at least temporarily fix the position of two elements with respect to one
another in a way that does not require the use of an energy source.

In figures 6A-6D, schematically a mechanical embodiment using a separate
motion module 10, a motion-guiding module 20, fig. 6B in cross section en figure 6C
in further cross section as indicated in figure 6B) and a separate motion-restriction
module 30 (fig. 6D in cross section) is shown.

The motion module comprises a caterpillar track in each element 1, 1.
Caterpillar tracks 10 here engages caterpillar track 10°. In caterpillar track 10, one
driving wheels or elements extends in normal direction or face 3 until it engages the
caterpillar track 10’. The caterpillar track may be one linear track along a face 3, and
alternatively it is a pair of crossing caterpillar tracks laid out like in figure 4A.

The motion-restriction module 30 here is an extendable pin 31 that first is
activated to extend out into a slot 32 in the opposite element. When pin 31 extends in
slot 32, it rotates about its longitudinal axis. Thus, a cam 34 extending from pin 31 in
transverse direction is rotated into undercut opening 35’ in slot 32’. Can 34 thus hooks
into undercut opening 35°. It holds the distance between the elements 1, 1’.uThis holds
element 1 in position with respect to element 1°. In an embodiment, slot 32’ is a groove
running along face 3 and having an undercut groove 35°, thus motion-restriction
module keeps the elements on top of one another during motion. Both elements 1 and
1’ can both have parts of the motion-restriction module.

Motion-guiding module 20 of element 1 here is a simple, straight pin 21 running
in a groove 22’ in an opposite element 1°. Thus, a trail along face 3 is defined. In an
embodiment and to guide motion even better, the transverse cross section of pin 21 is
rectangular, in particular square. It fits in groove 22°.

In figures 7A-7D, yet another alternative embodiment of the motion module,
motion-restriction module and motion-guiding module is schematically shown. This

embodiment is based upon the use of piezo-elements for realizing parts of the modules
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mentioned. ‘Piezo’ is used to refer to an element using the piezoelectric effect. As such,
there are principles like linear motors that are suited for application in the elements. In
this embodiment, one type will be discussed.

In this embodiment, a rail 80 is provided. Furthermore here four piezo modules
70 are provided. The piezo module is extendible, in figure 7B, a cross section as
indicated in figure 7A shows the piezo module 70 of element 1 in retracted position and
piezo element 70’ in element 1’ also in retracted position. The piezo modules 70, 70’
have two U elements that are interconnected by a piezo piece 72. When activated,
length L changes and the distance between the U-elements also changes. Figure 7C
shows a top view of a piezo module 70, and figure 7D shows a side view of the piezo
module 70. The distance D between legs 71 and 71’ is such that it fits over the
thickened part 83 of rail 80. The inner parts of legs 71, 71°, in particular the outer ends,
are here provided with clamping piezo elements 73, 73°. When activated, these piezo
elements 73, 73’ move inward and reduce the space D between legs 71, 71°. Thus,
allowing the legs 71, 71’ to clamp on the sides of rail 80, in the undercut grooves 82,
82’. Thus, when piezo elements 73, 73’ are activated, piezo modules 70, 70’ are fixed
onto rail 80. Motion of piezo module 70 over rail 80 is possible by subsequent
clamping of the U elements. If activation of piezo piece 72 is out of phase with the
activation of the U elements, motion is possible.

Thus, here the piezo module 70, 70’ together with rail 80 is motion module,
motion-restriction module and motion guiding module.

Alternatively, the motion module may be based engaging elements using a hoist,
winch, rack and pinion, chain drive, belt drive, rigid chain and rigid belt actuators
which all operate on the principle of the wheel and axle. By rotating a wheel/axle (e.g.
drum, gear, pulley or shaft) a linear member (e.g. cable, rack, chain or belt) moves. By
moving the linear member, the wheel/axle rotates. Thus, elements may be put in motion
with respect to one another.

In figure 8, a schematic cross section of an element 1 is shown, indicating the
various components that may be present in an element 1. In this cross section, four
faces 3 are indicated. Element 1 comprises a data processing unit 100, a data
communication unit 200, an energy unit 300, a sensor unit 400, a motion-restriction
module 600, a motion module 500 and a motion-guiding module 700. Next to these

modules other modules may be present: for example an actuator which can move or
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rotate a retracted motion module within the element 1. The data processing unit 100
may be able to work together with other data processing units 100 of other elements 1
and distribute computational tasks to one another; This may be done in the form of
distributed computing or cloud computing.

The waving arrows indicate that the various modules and/or units can interact
with the environment outside the element 1. For instance, a sensor unit 400 can
measure a physical parameter outside an element 1.

An energy unit 300 may be charged from a source outside element 1. Charging
may be wireless, for instance inductive, or using conductive surface patches, for
instance.

A data communication unit 200 may transmit data to outside an element 1, or be
able to receive data from outside an element 1. This may be data transmitted by another
element 1. It may be an element that is in contact with element 1. Data communication
may be analogue or digital, be wireless via the electromagnetic spectrum, via sound or
via other known wireless data transmission protocols, for instance Zigby, Bluetooth,
WIFI, Near Field Communication (NFC) or the Ilike. Alternatively, data
communication may be physically using conductive patches on the surface of the face 3
of an element. Using a sensor like a (digital) camera and analysing data taken by the
camera is also a potential form of data communication; known examples are for
instance QR-codes or bar-codes. Communication can go across several degrees of
distances, even inter-planetary. The energy unit 300 in this embodiment provides
energy to components (modules and/or units) in the element 1. This is indicated by
single arrows running from the energy unit 300 to the other units and/or modules. An
energy unit 300 may be an energy storage unit, for instance a chargeable battery, an
accumulator, a capacitor, for instance a super capacitor, or the like. Alternatively, the
energy unit 300 may also be a power generator, which generates power. Examples of
such an energy unit 300 are a fuel cell, a combustion engine, a photovoltaic element, or
similar energy unit 300.

A sensor unit 400 may comprise one or more sensors that are able to detect a
physical parameter. Examples of suitable sensors are a temperature sensor, a proximity
sensor that detects the presence and/or distance of another element. A pressure sensor,

an air-pressure sensor, a light sensor, a location sensor (GPS), a motion detecting
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sensor, an accelerometer, a moisture sensor, a gyroscope, and the like. Various sensor
types that may also be used are also known in the field of robotics.

Examples of possible motion modules, motion-restriction modules, and motion-
guiding modules are already described above. These modules as described can be based
upon exertion of mechanical forces, or be based upon electromagnetic forces, chemical
forces, physical forces, using for instance “van der Waals” forces, “Casimir forces”,
based upon surface tension, vacuum or air pressure, and the like.

Data processing unit 100 may for instance be a computer having various
components known in computers, like memory, an arithmetic processor, data busses,
end the like. Data processing unit 100 may be able to control the other parts in the
element 1. It may even control at least part of at least one other element. For instance,
in a master-slave setting state. It may also coordinate cooperation between elements 1.
It may run a computer program. It may process instructions provided from an external
source.

The various units or components in figure 8 are indicated schematically. The
units may be incorporated in the element. In an embodiment, one or more units may at
least partially be integrated in a face of an element. Furthermore, in an embodiment,
one or more units may at least partially be integrated into a single component.
Alternatively, at least part of the functionality of the units 100-700 may be incorporated
in the form of a computer program product.

In figures 9A-9K an embodiment of an assembly of elements 1 (labelled ‘a’-‘e’)
comprising a shared motion module 90 is illustrated. In the depicted embodiment, the
elements do not have the same shape or size. An advantage of a shared motion module
is that an assembly of elements can shift shape with the use of a limited number of
relatively complex motion modules 90. In figure 9A, element ‘a’ is provided with the
shared motion module 90. In an embodiment, shared motion module 90 is temporarily
assigned to element ‘a’. This may be done by a control structure for assigning the
shared motion module, and for controlling the shared motion module 90. Alternatively,
the shared motion module 90 is controlled by an element that uses the shared motion
module. In yet another embodiment, the shared motion module is self-controlled, of
may be part of a peer network together with elements, and even further shared motion
modules. The above indicated forms or modes of operation may be combined, or the

assembly of elements and one or more shared motion modules may switch from one
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mode of operation to another. Thus, processing and operation of the motion module
may be operated and controlled from the shared motion module 90. Alternatively (and
at another end of the spectrum), operation and control of shared motion module 90 is
done in an element 1. Operation and processing can also be distributed. Using for
instance master-slave settings, control may be switched from element 1 to shared
motion module 90 and vice versa. Also, control of a shared motion module may also be
switched from one element 1 to another element 1.

In the current embodiment, the shared motion module 90 comprises attachment
parts 91 that engage element ‘a’. Shared motion module 90 is in figure 9A in its active
position. Attachment parts 91 engage element ‘a’ here in such a way that shared motion
module 90 cannot displace with respect to element ‘a’. In this active position the shared
motion module 90 can be further activated to engage a neighbouring element to start
moving element ‘a’ with respect to such a neighbouring, in particular adjoining,
element. Here, no such element is illustrated. The shared motion module 90 is located
in a track 11, like for instance a track 11 illustrated in figure 4A. In figure 9B, the
attachment part 91 is pulled in into shared motion module 90. Thus, shared motion
module 90 becomes free to move along track 11 of element ‘a’. To actually move along
track 11 of element ‘a’, the shared motion module 90 can be provided with a
displacement part 92. In an embodiment, displacement part 92 engages in the track 11
of element ‘a’. Displacement part 92 may be a mechanical component, physically
engaging track 11. For instance, displacement part 92 may comprise driven wheel
similar for instance to the motion module of figures 4A-4L, a piezo element illustrated
above in a motion module in an element and for instance similar to the embodiments
illustrated in figures 6A-7D. Displacement part 92 may also comprise magnet parts that
can be activated. The track may be provided with parts that respond to magnetic forces,
but that are themselves not permanently magnetic, for instance iron patches. Thus, it is
possible to provide a magnetic drive while the elements are themselves not
permanently magnetic.

In figures 9B-9G, it is illustrated how displacement part 92 causes shared motion

3

module 90 to travel along tracks 11 of various elements (‘a’, ‘c’, ‘d’) to arrive at an
element 1 that is indicated ‘e’. When going from figure 9C to 9D, the motion module
follows track 11, even if the track 11 rounds a corner. When going from figure 9E to

figure 9F, motion module 90 leaves element ‘a’ and continues its way in track 11 of
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element ‘d’. When going from the situation in figure 9F to 9G, motion module 90 first
follows track 11 of element ‘d’, and goes to track 11 of element ‘e’. These tracks 11
here connect to one another and for the motion module 90 present one continuous track
11.

In figure 9H, it is illustrated that shared motion module 90 activates its
attachment parts 91 to engage element ‘e’. Thus, the position of the shared motion
module 90 on element ‘e’ is fixed or locked through attachment part(s) 91. Here, the
attachment parts 91 are illustrated at one sided of shared motion module 90. As is
evident when looking at figures 9A and 9H, the attachment parts 91 can engage motion
module 90 from various sides. Here two sides are illustrated. In an embodiment, the
attachment parts 91 are designed to allow engagement of all sides of motion module
90. Alternatively, the attachment parts 91 are not incorporated in the motion module 90
itself, but may be part of the motion module that is integrated in an element. For
instance, the attachment part 91 may be designed along the lines of the motion
restriction module shown in figures 6A-6D. In fact, it may even be possible to provide
a part that is allowed to function as motion restriction module, and as attachment part
for motion module 90.

In figure 9H the displacement part 92 is not indicated, in order to illustrate that it
is no longer functional as of this stage.

In an embodiment, like for instance shown in figure 7A, an element 1 comprises
two crossing motion guiding modules 11, each motion guiding module 11 going around
the element 1. In such an embodiment, two types of shared motion modules may be
defined, one type of motion module for a first motion guiding module 11 and another
for a second motion guiding module 11. These types of motion modules 90 and motion
guiding modules 11 may be identical, but oriented differently.

In figure 91, it is illustrated how element displacement part 93 is activated into its
active position. The element displacement part 93 extends from shared motion module
90 and from element ‘e’ into the motion guiding module, here track 11, of element ‘b’.
Again, the element displacement part 93 can be similar to the types illustrated in
figures 4A-7D, i.e., based on mechanical operation, like a wheel, a toothed gear, or the
like, magnetically/activated operated elements, or for instance piezo-type elements. The
element displacement part 93 now engages into track 11 of element ‘b’. It starts

exerting force on element ‘b’ via engagement of track 11. Consequently, element ‘d’
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displaces with respect to element ‘b’. Figure 9J illustrates this. Next, in an embodiment
shown in figure 9K, the shared motion module 90 is stored in a storage space in an
element, here element ‘d’. Thus, the tracks 11 are free, and shared motion module 90
may be in a position to be charged, or to be protected against environmental influences.

In an embodiment, the displacement part 92 and element displacement part 93
may functionally be combined.

In figures 10A-10H, another concept of an element 1 with a motion module 10 is
presented schematically. In this concept, which may be combined with previous
concepts, an element 1 has at least one motion module 10 and a motion module
movement part 95 allowing displacement or change of orientation of the motion
module 10 in an element 1. In this way, the number of motion modules 10 in an
element 1 can be considerably reduced. In an embodiment, an element 1 comprises one
motion module 10 that comprises a motion module movement part 95 that allows a
motion module to be displaced or repositioned to have an active position at each face 3.
Thus, only one motion module 10 can be sufficient of displacing an element 1 with
respect to another element 1. In fact, more than one motion module 10 may be included
in an element 1. In figures 10A and 10B, an embodiment of such a motion module 10 is
illustrated that comprises a motion module movement part 95 that allows rotation of the
motion module 10 inside the element 1. In that way, motion module 1 that is at an
active position at a face 3, allowing engagement of an adjoining element (not shown)
that rests against the surface of face 3. In figure 10B, motion module 10 is rotated about
rotation axis R to an active position at the adjacent face 3 of element 1.

In figures 10C-10H, an alternative embodiment for the motion module 10 with an
alternative motion module movement part 96 is illustrated. In this embodiment, motion
module 10 moves parallel to motion guiding module 11. It is within motion guiding
module 11. Motion module 10 in this embodiment comprises a motion module
movement part 96 that allows displacement of motion module 10 as indicated in
subsequent figures 10C-10G. The motion module 10 moves or displaces from its
position in figure 10C to its position in figure 10D parallel to motion guiding module
11, here track 11. Motion module 10 here displaces inside element 1. Here motion
module 10 moves or displaces between the centre point of the element and track 11,
leaving track 11 free. The motion module may be actuated via exertion of a mechanical

force. Examples are illustrated above. Alternatively, electromagnetical force may be
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used. An example of this is also illustrated above. In this way, an element may
comprise as little as one motion module 10, reducing complexity o an element. It may
me possible to equip an element 1 with several motion modules.

In figure 10F, motion module 10 is moved to come into its working position. In
this embodiment, the motion module has a working position. In other embodiments, the
motion module may be designed to move in more than one orientation.

In figure 10G, motion module 10 is at its new active position at adjacent face 3.
There, motion module 10 may be locked in its position in element 1. In figure 10H,
schematically, motion module 10 released an element displacement part 93. In this
embodiment, it may comprise a driven wheel, like the embodiment of figures 4A-4L.
Other element displacement parts 93 may also be conceivable, for instance the piezo
element described above, or the magnetic parts described earlier. This embodiment
may considerably simplify elements 1, as the may comprise as little as one motion
module 10 in an element 1. The motion module may comprise part of the elements
functional parts. In one extreme example, the motion module 10 comprises all the
functional parts (figure 8) of the element 1.

The embodiment of figures 10A-10H may be combined with the embodiment of
figures 9A-9K. For instance, an element may comprise one or more internally
displaceable motion modules 10, in combination with one ore more shared motion
modules in an object. In an other embodiment, a motion module can be both an internal
motion module, and it may function as a shared motion module 10.

Figure 11 shows schematically a further or alternative embodiment of an element
1. In this embodiment, a hand 51 is about to grab the element 1 in order to displace it.
This embodiment of an element 1 can have one or more of the features described, or a
combination thereof. Alternatively, it may comprise only a sensor for grab-detection
and holding means. In figure 11, schematically an embodiment of an element is shown
with a motion module 10, motion guiding module 20 and motion restriction module 30
schematically indicated. In this schematic indication, a mechanical embodiment is
shown which may be like the embodiment of figures 4, or the embodiment of figures 9
or of the figures 10. The element 1 of this embodiment can be a building block and in
this embodiment has a cubic shape, although, as already explained earlier, other shapes
may also be considered. In fact, it may also be possible to use a set of shapes, like the

different bricks in an old-fashioned box of bricks used as a child's toy.
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The element 1 of figure 11 basically can be picked, put and stacked like the
bricks of a set of bricks, or like the well-known Lego®. Element 1 comprises in this
embodiment a set of sensors 400 for grab detection. These sensors 400 can for instance
be proximity sensors, heat sensors, or camera's, or combinations thereof, and make up a
sensing means. Furthermore, the sensing means may comprise one or more controllers,
one or more data processors, including image processors. Means for interpreting sensed
parameters may be part of the sensing means. In figure 8, an example is provided of
how sensing means may be functionally coupled. In an embodiment allowing easy
grab-detection, the sensor 400 comprise camera's, for instance cameras that are
provided on each face 3 of the element 1. In this way, it can be possible to detect for
instance a hand 51 approaching the element 1.

The element 1 further comprises holding means 50. In this embodiment, element
1 has a set of holding modules 50. Here, holding modules are provided on each face 3.
In this way, an element 1 can be locked face to face with another, similar element. An
example is for instance the locking as described in figure 3F. More specifically, in this
embodiment, each face 3 comprises a subset of, here four, holding modules 50. Here,
holding modules 50 are provided on each quadrant of a face 3. In this way, element 1
can be locked onto another, similar element with one quadrant onto another quadrant,
allowing flexible building of bricks or blocks. Furthermore, the bonds referred to
before may be realised in that way.

The sensors 400 can be functionally coupled to a data processor 100 (not shown).
In this way, the input of at least two sensors on different faces 3 can be combined in a
more versatile grab-detection. For instance, with a camera on each face 3 having
viewing angels that for instance at least stitch together, it may be possible to have all-
around grab-detection. In fact, when detecting approaching of a hand or fingers at two
different faces, the prediction and anticipation of a grabbing of element 1 can be
improved. In such a setting, each camera can have a viewing angle of more than 45°. In
particular, the viewing angle of each camera can be more than 90°. In this way, an all-
around view can be accomplished with a camera on each surface of a cube easily, from
a distance of about 8 cm or less already. One or more of the surfaces of an element may
be curved. In this respect, a convex curvature is referred to. Most extreme examples
include a sphere and a cylinder. A sphere, in this respect, has one curved surface. A

cylinder, in particular a circle cylinder with circle end planes, has three faces. In such
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shapes, for instance, a smaller amount of camera's may be required for grab detection.
For instance grab detection at a distance from about 5 cm.

Using a data processor, for instance data processor 100, image processing on the
images of the camera's may be done, and image interpretation using known image-
interpretation routines.

Furthermore, the holding modules 50 can also be functionally coupled to data
processor 100. In this way, the grab-detection of one or more sensors 400 can be
combined and coupled with a locking and/or unlocking action of one or more holding
modules 50. Element 1 may also upon grab-detection contact one or more similar
elements that are locked to element 1, and request being unlocked or request being
locked, depending upon its current state.

In an embodiment, element 1 is allowed to anticipate being grabbed, or anticipate
being released from being grabbed: When one or more of the sensors 400 sense a hand
51 approaching element 1 for grabbing element 1, the holding modules 50 can unlock.
This allows the hand to grab element 1 and actually pick it up and remove it from other
elements. The other way around, when the element 1 is held by a hand 51 and placed
upon one or more similar elements with one or more holding modules functionally
aligned, the one or more holding modules may, in anticipation, start locking. In this
respect, holding modules of opposite faces are functionally aligned when the holding
modules are capable of exerting a locking force at one another. Mechanically-operating
holding modules of opposite faces, for instance, may be self-searching or self-tapping.
For instance, the entrance of a holding module may be conical, for guiding an inserting
end towards a centre.

The holding modules 50 allow exerting a force to and/or receiving a force from
one or more holding module or other, similar elements. In particular, the holding
modules 50 allow a force with a component normal to face 3, and directed towards the
face 3. In this way, using one or more holding modules 50, element 1 can be (face)
locked to one or more other, similar elements. The exerted force may be for instance
magnetic, electrical, mechanically.

In an embodiment, the holding modules are mechanical parts that allow exertion
of mechanical forces. For instance, each holding module 50 may comprise a treaded
end that can be extended and be received in an other, similar holding module. Such a

treaded end may for instance be hollow. This may allow alignment control, or signal
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transmission from one element to another. Alternatively, holding module 50 may
comprise a hooking part which can be hooked in (and released from) a receiving part.
In an embodiment, a holding module 50 can be male, female, unisex, or can be
"hermaphrodite”. This may allow a holding module 50 to lock into another holding
module, or to be locked by another holding module.

In the embodiment discussed, the one or more sensors 400 are functionally
coupled to one or more holding modules 50. This allows the holding modules 50 to
respond to sensor measurements, like grab-detection. Thus, for instance, element 1 can
unlock before it is actually touched by a hand 51, allowing element 1 to be picked up
and displaced. In may also or in combination allow element 1 to lock to one or more
other, similar elements even before it is released by hand 51. This gives element 1 a
sense of "responsiveness". In an embodiment, no force needs to be exerted to lock
elements, and no additional action may be needed for taking one or more elements
away.

In an embodiment, element 1 comprises a frame structure (not shown) holding
the sensors 400, and supporting the holding modules 50. Furthermore, such a frame
structure may provide support or define a face. In a minimal way, it may provide three
supports defining a face. It may also provide or support a surface defining a face 3. The
frame structure may be from any material, like polymer, reinforced polymer, metal,
combinations thereof, and the like. A skilled person will recognize suitable materials.
The frame structure may be produced using any type or production method, including
3D printing.

The sensing means, in particular a camera, comprises a field of view. In such a
field of view, one or more detection cones may be defined. In the embodiment of figure
11, two cameras can comprise a first detection cone and a second detection cone. In the
process of grab detection, detection cones that are opening in substantially opposite
directions may be involved. Alternatively of in combination, detection cones may have
an axis which are under an angle of at least 90 degrees. Furthermore, the holding means
is adapted for providing a holding force having a component of the holding force
directed to and perpendicular to a connecting line of these detection cones.

The axes of two detection cones of sensor involved in grab-detection may define

a plane. Upon grab detection, the holding means that are actuated are adapted to exert a
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force having a component normal to that plane. The force is often directed towards the
element.

In an embodiment, the first and second detection cone comprise a connecting
line, and the holding means is adapted for providing a holding force having a
component directed to and perpendicular to the connecting line.

In an embodiment, the sensing means furthermore is adapted for detecting
alignment of said holding means with a holding means of a similar element. The
sensing means may provide a measure of the distance from actual alignment of
opposite holding means.

Elements may have a different shape and/or be of a different type. The sensing
means may be adapted to determine the type and/or shape of the an other element. The
sensing means may be adapted for measuring or sensing proximity other element. In
case of an element according to figure 11, and with the sensing means comprising a
camera at each face having a viewing angle allowing a detection cone opening away
from the face, for instance having an axis normal to a face, the parameters mentioned
can be determined.

It will also be clear that the above description and drawings are included to
illustrate some embodiments of the invention, and not to limit the scope of protection.
Starting from this disclosure, many more embodiments will be evident to a skilled
person. These embodiments are within the scope of protection and the essence of this
invention and are obvious combinations of prior art techniques and the disclosure of

this patent.
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Reference numbers

1 element

2 centre of an element

3 face of an element

10 motion module

11 motion module: track part

12 slidable cover

14 motion guiding/motion restriction module
15 motion guiding/motion restriction module
20 motion guiding module

21 straight pin

22 groove

30 motion restriction module

31 pin

32 slot

34 cam

35 undercut opening in slot 32

50 holding modules

51 hand

70 piezo module

71 leg

72 piezo piece

73 piezo element

80 rail

82 undercut groove

90 (shared) motion module

91 Attachment part(s)

92 displacement part

93 element displacement part

95 motion module movement part
96 motion module movement part
100 data processing unit

200 data communication unit



300 energy unit

400 sensor unit

500 motion module

600 motion restriction unit

700 motion guiding module
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Conclusies

1. Samenstel omvattende ten minste een eerste, een tweede en een derde element, en
een bewegingsmodule, waarbij de elementen drie dimensionaal zijn en elk element
omvat:

- een middelpunt van het element;

- ten minste een zijde gekoppeld met de middelpunt en waarbij de zijde omvat:

- een bewegingsgeleidingsmodule, voor het definiéren van een traject over tenminste
een deel van de zijde;

- een bewegingsbeperkingsmodule aangepast ter beperking van de verplaatsing van het
middelpunt ten opzichte van het middelpunt van een van de andere elementen tot
tenminste een traject gekozen uit de groep bestaande uit het traject en het traject van
het andere element wanneer dat in interactie is met de bewegingsmodule;

waarbij de bewegingsmodule koppelbaar is aan een zijde van een van de elementen, en
aangepast is voor het verplaatsen van het middelpunt van het ene element ten opzichte
van het middelpunt van een van de andere elementen wanneer in interactie met de
bewegingsgeleidingsmodule van een van de andere elementen, waarbij de
bewegingsgeleidingsmodule, de bewegingsmodule en de bewegingsbeperkingsmodule
verschillende typen modules zijn,

waarbij voor verplaatsing van het middelpunt van het eerste element weg van het
middelpunt van het tweede element en naar het middelpunt van het derde element een
eerste zijde van de ten minste ene zijde van het eerste element gelegen is tegenover ten
minste een van een tweede zijde van de ten minste ene zijde van het tweede element en
een derde zijde van de ten minste ene zijde van genoemd derde element, waardoor
tegenover elkaar liggende zijden resulteren en

waarbij voor genoemde verplaatsen:

- de bewegingsmodule in interactie is met ten minste een bewegingsgeleidingsmodule
en ten minste een bewegingsbeperkingsmodule, waarbij de tegenover elkaar liggende
zijden de interacterende modules verschaffen bij verplaatsing;

- ten minste een module van de eerste zijde in interactie is met ten minste een module
van ten minste een andere module type van ten minste een ander van de tegenover

elkaar liggende zijden bij verplaatsing, en
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- de ten minste ene module van het eerste zijde in interactie is met ten minste een
module van een andere module type van de tweede zijde en ten minste een module van

een andere module type van de derde zijde.

2. Samenstel volgens conclusie 1, waarbij ten minste twee van de elementen verder
omvatten:

- een houdmiddel, ingericht voor interactie met een functioneel uitgelijnd houdmiddel
van een soortgelijke element, en omvattende een houdtoestand en een vrijgegeven
toestand, met het houdmiddel in de houdtoestand in aangrijping met het uitgelijnde
houdmiddel van het soortgelijke element voor het in positie houden van het element ten
opzichte van het soortgelijke element, en in de vrijgegeven/geloste toestand
ontkoppeld van het uitgelijnde houdmiddel en

- een sensormiddel voor het verschaffen van grijpdetectie, waarbij de grijpdetectie
omvat detectie van een gekozen uit een handeling die leidt tot een greep van het
element, het hebben van grip op het element, een handeling van het vrijgeven/lossen
van een greep van het element, en een combinatie daarvan ,

waarbij het sensormiddel functioneel gekoppeld is met het houdmiddel voor bjj
grijpdetectie actueren van ten minste een van het functioneel vitgelijnde houdmiddel

tussen de houdtoestand en vrijgegeven/geloste toestand.

3. Samenstel volgens conclusie 2, waarbij het houdmiddel bediend wordt tussen de
houdtoestand en de vrijgegeven toestand wanneer de grijpdetectie omvat een van een
handeling die tot leidt tot een greep van het element, en een handeling van het

vrijgeven van een greep van het element .

4. Samenstel volgens conclusie 2 of 3, waarbij het sensormiddel een eerste en tweede
sensor omvat, functioneel gekoppeld met elkaar voor het verschaffen van de

grijpdetectie.

5. Het samenstel volgens een der conclusies 2-4, waarbij het sensormiddel verder is
ingericht voor het bepalen van een afstand tot een soortgelijk element, of een oriéntatie

ten opzichte van een soortgelijk element.
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6. Samenstel volgens een der conclusies 2-5, waarbij het sensormiddel sensoren omvat

die tijd gecorreleerd zijn voor het verschaffen van grijpdetectie.

7. Samenstel volgens een der conclusies 2-6, waarbij het detectiemiddel optische
sensoren met ruimtelijke resolutie omvat, in het bijzonder camera’s, elke camera met

een gezichtsveld dat een detectie kegel omvat.

8. Het samenstel volgens een der conclusies 2-7, waarbij het houdmiddel ten minste
een houdmodule omvat die twee delen omvat, aangepast om een kracht uit te oefenen
op elkaar voor het gepositioneerd houden van zijden, en waarbij de twee delen voorzien
zijn aan zijden omvattende de houdmodule, waarmee mogelijk gemaakt wordt dat elke
zijde die voorzien is van de houdmodule in positie gehouden wordt ten opzichte van
een tegenover liggende zijde voorzien van de houdmodule, met het ene houdmodule
deel van een zijde in interactie met een ander houddeel van een tegenover liggende

zijde.

9. Het samenstel volgens een der conclusies 2-8, waarbij de ten minste twee elementen
omvatten:

- ten minste drie zijden gekoppeld met het middelpunt;

- het houdmiddel dat gekoppeld is met een eerste zijde van de ten minste drie zijden,
aangepast voor interactie met het functioneel uitgelijnde houdmiddel van een tegenover
liggende zijde van een soortgelijke element, voor het in de houdtoestand samenwerken
voor het in positie houden van de eerste zijde ten opzichte van de tegenover liggende
zijde, en in de geloste toestand niet in positie houden van de eerste zijde;

- het detectiemiddel omvattende een eerste en tweede sensor, met

- de eerste sensor gekoppeld met een tweede zijde van de ten minste drie zijden;

- de tweede sensor gekoppeld met een derde zijde van de ten minste drie zijden;
waarbij de ten minste twee sensoren functioneel gekoppeld zijn met het houdmiddel
van de eerste zijde voor bij de grijp-detectie in werking stellen van het houdmiddel van

de tegenover liggende zijde tussen de houdtoestand en de geloste toestand.

10. Samenstel volgens conclusie 2-9, waarbij het houdmiddel een houdmodule omvat

op elke zijde en het detectiemiddel een sensor omvat op elk zijde omvat een sensor,
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waarbij de sensoren en de houdmodules functioneel gekoppeld zijn voor bij de grijp-
detectie in werking stellen van de houdmodules van de tegenoverliggende zijde tussen

de houd toestand en de geloste toestand.

11. Samenstel volgens conclusie 9 of 10, waarbij het detectiemiddel is ingericht

uitlijningsdetectie van de houdmodules met houdmodules van tegenovergelegen zijden.

12. Het samenstel van een van de conclusies 9-11, waarbij het houdmodule een
houdtoestand omvat waarin de houdmodule zijden gepositioneerd houdt, en een

vrijgegeven/geloste toestand waarin zijden kunnen bewegen ten opzichte van elkaar.

13. Het samenstel volgens een van de conclusies 2-12, waarbij het detectiemiddel een
tijdvenster heeft voor het detecteren van acties van het grijpen die minder is dan 2

minuten.

14. Het samenstel volgens een van de conclusies 2-13, waarbij het detectiebereik van

het detectiemiddelen voor grijpdetectie kleiner is dan 50 cm.

15. Het samenstel volgens een der voorgaande conclusies, waarbij de eerste zijde zijn

interacterende module verandert voor het verplaatsen.

16. Het samenstel volgens een der voorgaande conclusies, waarbij tijdens verplaatsen

de bewegingsmodule gekoppeld is met de eerste zijde.

17. Het samenstel volgens een der voorgaande conclusies, waarbij ten minste een
module van de tweede zijde en ten minste een module van de derde zijde in interactie is

met een andere module van de eerste zijde tijdens verplaatsing.

18. Het samenstel volgens een der voorgaande conclusies, waarbij de modules van de
tweede zijde en de derde zijde na elkaar in interactie zijn met een andere module van de

eerste zijde voor de verplaatsing.
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19. Het samenstel volgens een der voorgaande conclusies, waarbij de modules van de

eerste, tweede en derde zijde afwisselend in interactie zijn tijdens verplaatsing.

20. Het samenstel volgens een der voorgaande conclusies, waarbij elk van de

elementen een beweging module omvat.

21. Het samenstel volgens een der voorgaande conclusies, waarbij elk van die ten

minste ene zijde van de elementen een bewegingsmodule omvat.

22. Het samenstel volgens een der voorgaande conclusies, waarbij ieder element ten

minste twee van die zijdeken omvat.

23. Het samenstel volgens een der voorgaande conclusies, waarbij de
bewegingsmodule is ingericht voor het veranderen van een oriéntatie van het ene
element, gekoppeld met de beweging module, en een ander element, voorzien van een
zijde met een module die in interactie is met de bewegingsmodule, ten opzichte van
elkaar, in het bijzonder de zijde die gekoppeld is met bewegingsmodule roterend en een
zijde tegenover de zijde die gekoppeld met de bewegingsmodule roteert ten opzichte
van elkaar, meer in het bijzonder roteert om een as door het middelpunt van het ene

element, meer in het bijzonder is de as functionele loodrecht ten opzichte van de zijde.

24. Het samenstel volgens een der voorgaande conclusies, waarbij ten minste een van
de elementen verder een oriéntatie module omvat, ingericht voor het veranderen van
een oriéntatie van het ene element en een ander van de elementen ten opzichte van
elkaar, in het bijzonder het roteren van de zijde gekoppeld met de oriéntatie module en
een tegenover de zijde liggende zijde gekoppeld met de oriéntatie module ten opzichte
van elkaar, meer in het bijzonder roteren om een as door het middelpunt van het ene

element, meer in het bijzonder is de as functionele loodrecht ten opzichte van de zijde.

25. Het samenstel volgens een der voorgaande conclusies, waarbij de

bewegingsmodule is ingericht voor het ontkoppelen van de zijde.
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26. Het samenstel volgens een der voorgaande conclusies, waarbij de

bewegingsmodule verplaatsbaar is wanneer losgekoppeld van de zijde.

27. Het samenstel volgens een der voorgaande conclusies, waarbij de
bewegingsmodule verplaatsbaar is naar een naburig element wanneer losgekoppeld van

de zijde.

28. Het samenstel volgens een der voorgaande conclusies, waarbij het ene element ten
minste twee zijden omvat, en de bewegingsmodule verplaatsbaar is van een zijde naar

een volgende zijde van het ene element wanneer het is losgekoppeld van de zijde.

29. Samenstel volgens conclusie 28, waarbij de bewegingsmodule verplaatsbaar is
binnen het element van een zijde naar een ander zijde van het ene element wanneer de

bewegingsmodule is losgekoppeld van de zijde.

30. Het samenstel volgens een der voorgaande conclusies, waarbij de
bewegingsmodule, de bewegingsbeperkingsmodule en de bewegingsgeleidingsmodule
een houdtoestand omvatten waarin ten minste gedeeltelijk overlappend
tegenoverliggende zijden in hun onderlinge positie worden gehouden, waarbij die
houdtoestand name betrekking heeft op ten minste een bewegingsmodule van een zijde

en een bewegingsbeperkingsmodule van een zijde tegenover die zijde.

31. Het samenstel volgens een der voorgaande conclusies, waarbij elk element een
houdmodule omvat, gekoppeld met een zijde, voor interactie met een houdmodule van
een tegenoverliggende zijde voor het in positie houden van de zijde ten opzichte van de
tegenoverliggende zijde, in het bijzonder elke element omvattende ten minste een

houdmodule.

32. Het samenstel volgens een der voorgaande conclusies 2-31, waarbij de houdmodule
twee delen omvat, ingericht om een kracht uit te oefenen op elkaar om zijden

gepositioneerd te houden.
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33. Het samenstel volgens een der voorgaande conclusies 2-32, waarbij de houdmodule
twee delen omvat, ingericht om een kracht op elkaar uitoefenen voor het in positie
houden van zijden, en waarbij de twee delen voorzien zijn aan zijden omvattende de
houdmodule, waarbij elk zijde die voorzien is van de houdmodule in positie ten
opzichte van tegenoverliggende zijde met de houdmodule gehouden kan worden, met
het ene houdmodule deel van een zijde in interactie met een andere houdmodule van

een tegenoverliggende zijde.

34. Het samenstel volgens een der voorgaande conclusies 2-33, waarbij de houdmodule
een houdtoestand omvat waarin de houdmodule zijden gepositioneerd houdt, en een

vrijgegeven/geloste toestand waarin zijden kunnen bewegen ten opzichte van elkaar.

35. Het samenstel volgens een der voorgaande conclusies, waarbij de ten minste ene

zijde van elk element verbonden is met het element.

36. Het samenstel volgens een der voorgaande conclusies, waarbij de

bewegingsmodule is verbonden met de zijde.

37. Het samenstel volgens een der voorgaande conclusies, verder omvattende een
vierde dergelijk element omvattende ten minste de kenmerken van de eerste, tweede en
derde elementen, en welke een vierde van de ten minste ene zijde verschaft aan het

samenstel.

38. Samenstel volgens conclusie 37, waarbij voor het plaatsen, de vierde zijde

tegenover de eerste zijde ligt.

39. Samenstel volgens conclusie 38, waarbij gedurende het verplaatsen het eerste
element verplaatst in een eerste richting, en waarbij een verder, opvolgend verplaatsen
omvat:

ten minste een module van de eerste zijde interacteert met ten minste een module van
ten minste een ander module type van de vierde zijde terwijl deze verder verplaatst in
een verdere richting verschillend van de eerste richting, in het bijzonder onder een hoek

met de eerste richting.



10

15

20

25

30

76

40. Het samenstel volgens een der voorgaande conclusies 37-39, waarbij het eerste
element verder een verder ten minste een van de zijden omvat, die een vijfde zijde

verschaft aan het samenstel.

41. Samenstel volgens conclusie 40, waarbij gedurende het verplaatsen het eerste
element verplaatst in een eerste richting, en waarbij verder, opvolgende verplaatsen
omvat:

de vijfde zijde is tegenover de vierde zijde, en

ten minste een module van de vijfde zijde is in interactie met ten minste een module
van ten minste een andere module type van de vierde zijde terwijl deze verder
verplaatst in een verdere richting verschillend van de eerste richting gedurende de

verplaatsing.

42. Het samenstel volgens een der voorgaande conclusies, waarbij de
bewegingsgeleidingsmodule van ten minste een van de elementen is ingericht voor het
verschaffen van het traject functioneel rond het element, in het bijzonder het

middelpunt omsingelend.

43. Het samenstel volgens een der voorgaande conclusies, waarbij de
bewegingsgeleidingsmodule van het ten minste ene element is ingericht voor het

definiéren van een verdere, tweede traject dat het vooraf bepaalde, eerste traject kruist.

44. Het samenstel volgens een der voorgaande conclusies, waarbij de elementen ten
minste twee van de zijden omvatten, voorzien van een oppervlak op een oppervlak-

afstand van het middelpunt.

45. Het samenstel volgens een der voorgaande conclusies, waarbij ten minste een deel

van de bewegingsmodule is ingericht voor het verplaatsen intern binnen het element.

46. Het samenstel volgens een der voorgaande conclusies, waarbij ten minste een deel
van de bewegingsmodule is ingericht voor het veranderen van zijn oriéntatie binnen het

element.
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47. Het samenstel volgens een der voorgaande conclusies, waarbij de beweging
geleidingsmodule een spoor van detecteerbare indicaties omvat, in het bijzonder een
spoor van elektromagnetische straling, zoals licht, een magnetische spoor, een

elektrostatisch spoor, een geluids- of ultrasoon spoor.

48. Het samenstel volgens een der voorgaande conclusies, waarbij het spoor een fysiek

spoor omvat.

49. Het samenstel volgens een der voorgaande conclusies, waarbij het spoor een rail

omvat.

50. Het samenstel volgens een der voorgaande conclusies, waarbij het traject ten minste

gedeeltelijk een rechte lijn volgt.

51. Het samenstel volgens een der voorgaande conclusies, waarbij de
bewegingsgeleidingsmodule ten minste twee bewegingsgeleidingsdelen omvat welken

een zijde definiéren.

52. Samenstel volgens conclusie 51, waarbij twee bewegingsgeleidingsdelen ten minste
een kruising hebben, in het bijzonder zijn de bewegingsgeleidingsdelen recht en

kruisen elkaar onder een rechte hoek.

53. Het samenstel volgens een der voorgaande conclusies, waarbij de elementen ten
minste een zijde omvattende een oppervlak voorzien de bewegingsmodule omvatten,

met name is het oppervlak een plat vlak.

54. Het samenstel volgens een der voorgaande conclusies, waarbij de elementen ten
minste twee van de zijden, in het bijzonder omvatten de elementen een serie

gekoppelde zijden die zijden vorm van de elementen.
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55. Het samenstel volgens een der voorgaande conclusies, waarbij de elementen ten
minste 4 zijden, in het bijzonder ten minste 6 zijden die de buitenzijde van de

elementen definiéren.

56. Het samenstel volgens een der voorgaande conclusies, waarbij de elementen

regelmatige lichamen zijn.

57. Het samenstel volgens een der voorgaande conclusies, waarbij de
bewegingsgeleidingsmodules van de tweede en de derde zijde functioneel gekoppeld

zijn aan elkaar.

58. Het samenstel volgens een der voorgaande conclusies, waarbij de zijden grenzen
omvatten, waarbij de bewegingsgeleidingsmodules lopen naar tenminste een van de

grenzen.

59. Een element omvattende:

- een houdmiddel, ingericht voor interactie met een functioneel uitgelijnd houdmiddel
van een soortgelijke element, en omvattende een houdtoestand en een
vrijgegeven/geloste toestand, waarbij het houdmiddel in de houdtoestand ingrijpt op het
uitgelijnde houdmiddel van het soortgelijke element voor het houden van het element
in positie ten opzichte van het soortgelijke element en in de geloste toestand
ontkoppeld van het uitgelijnde houdmiddel en

- een meetmiddel voor het verschaffen van grijp-detectie, waarbij de grijp-detectie
detectie omvat gekozen uit een handeling leidt tot een greep van genoemd element, het
hebben van grip op het element, een handeling van het vrijgeven van een grip van het
element, en een combinatie daarvan,

waarbij het sensormiddel functioneel gekoppeld is met het houdmiddel voor bij
detectie van grijpen in werking stellen van de ten minste ene van het functioneel

uitgelijnde houdmiddel tussen de houdtoestand en de geloste toestand.

60. Het element van conclusie 59, waarbij het houdmiddel wordt bediend tussen de

houdtoestand en de vrijgegeven/geloste toestand wanneer de grijp-detectie een van een
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actie die leidt tot een greep van het element, en een actie van het vrijgeven van een

greep van het element omvat.

61. Het element volgens conclusie 59 of 60, het detectie/sensormiddel omvattende een
eerste en tweede sensor, functioneel gekoppeld met elkaar voor het verschaffen van de

grijp-detectie.

62. Het element volgens een der conclusies 59-61, waarbij het detectie/sensormiddel

verder is ingericht voor het bepalen van een afstand tot een soortgelijk element.

63. Het element volgens een der conclusies 59-62, waarbij het detectie/sensormiddel

sensoren omvat die tijd-gecorreleerd zijn voor het verschaffen van grijp-detectie.

64. Het element volgens een der conclusies 59-63, waarbij het detectie/sensormiddel
optische sensoren omvat met ruimtelijke resolutie, in het bijzonder camera’s, elke

camera omvattende een gezichtsveld omvattende een detectie kegel.

65. Het element volgens een der conclusies 59-64, waarbij het houdmiddel ten minste
een houdmodule omvat met twee delen, ingericht om een kracht uit te oefenen op
elkaar voor het in positie houden van zijden, en waarbij de twee delen worden verschaft
aan zijden omvattende de houdmodule, waarbij elke zijde die voorzien is van de
houdmodule in positie gehouden kan worden ten opzichte van een tegenoverliggende
zijde voorzien de houdmodule, met het ene houdmodule deel van een zijde in interactie

met een ander houddeel van een tegenovergelegen zijde.

66. Het element volgens een der conclusies 59-65, waarbij het element
driedimensionaal is en omvat:

- een middelpunt van het element;

- ten minste drie gekoppeld met het middelpunt;

- het houdmiddel, gekoppeld met een eerste zijde van de ten minste drie zijden,
ingericht voor interactie met het functioneel uitgelijnde houdmiddel van een
tegenoverliggende zijde van een soortgelijke element, voor in de houdtoestand

samenwerken voor het houden van de eerste zijde in positie ten opzichte van de
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tegenoverliggende zijde, en in de vrijgelaten/geloste toestand de eerste zijde niet
gepositioneerd houden;

- het detectiemiddel omvattende een eerste en tweede sensor, met

- de eerste sensor gekoppeld met een tweede zijde van de ten minste drie zijden;

- de tweede sensor gekoppeld met een derde zijde van de ten minste drie zijden;
waarbij de ten minste twee sensoren functioneel gekoppeld zijn met het houdmiddel
van de eerste zijde voor bij de grijp-detectie in werking stellen van het houdmiddel van

de tegenoverliggende zijde tussen de houdtoestand en de vrije/geloste toestand.

67. Het element van conclusie 66, waarbij het houdmiddel een houdmodule op elke
zijde omvat, en het detectiemiddel een sensor omvat op elke zijde, waarbij de sensoren
en de houdmodules functioneel gekoppeld zijn voor bij de grijp-detectie in werking
stellen van de houdmodules van de tegenoverliggende zijde tussen de houdtoestand en

de vrijgegeven/geloste toestand.

68. Het element volgens conclusie 66 of 67, waarbij het detectiemiddel is ingericht
voor uitlijningsdetectie van de houdmodules met houdmodules van tegenovergelegen

zijden.

69. Het element van een van de conclusies 66-68, waarbij de houdmodule een
houdtoestand omvat waarin de houdmodule tegenoverliggende zijden gepositioneerd
houdt, en een vrijgegeven/geloste toestand waarin zijden kunnen bewegen ten opzichte

van elkaar.

70. Het element volgens een der conclusies 59-69, waarbij het detectiemiddel een
tijdvenster heeft voor het detecteren van acties van het grijpen van minder dan 2

minuten,

71. Het element volgens een der conclusies 59-70, waarbij het detectiebereik van het

detectiemiddel voor grijpdetectie kleiner is dan 50 cm.

72. Een element, waarbij het element driedimensionaal is en omvat:

- een middelpunt in het element;
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- ten minste een zijde gekoppeld met het middelpunt en de zijde omvat:

- een bewegingsgeleidingsmodule, welke een traject over tenminste een deel van
de zijde definieert;

- een bewegingsbeperkingsmodule, ingericht voor het beperking van de
verplaatsing van het middelpunt ten opzichte van een middelpunt van een soortgelijk
element tot ten minste een traject gekozen uit de groep bestaande uit het traject en het
traject van het soortgelijke element, wanneer in interactie met de de omgang met zei
motion module;

- een bewegingsmodule,
waarbij de beweging module ingericht is voor koppeling aan een zijde van het
element, en ingericht is voor verplaatsing van het middelpunt ten opzichte van een
middelpunt van een soortgelijke element bij interactie met de
bewegingsgeleidingsmodule van het soortgelijke element, waarbij de
bewegingsgeleidingsmodule, de bewegingsmodule en de bewegingsbeperkingsmodule
verschillende typen modules defini€ren,
waarbij voor het verplaatsen van het middelpunt van het element weg van het
middelpunt van het vergelijkbare element en naar een middelpunt van een verder
soortgelijk element, een eerste zijde van de ten minste ene zijde van het element
gelegen is tegenover ten minste een van een tweede zijde van de ten minste ene zijde
van het vergelijkbare element en een derde zijde van de ten minste ene zijde van het
verdere soortgelijke element, waardoor tegenovergelegen zijde worden verschaft, en
waarbij voor het verplaatsen:

- de bewegingsmodule in interactie is met ten minste een bewegingsgeleidingsmodule
en ten minste een bewegingsbeperkingsmodule, waarbij de tegen elkaar liggende zijden
de onderling in interactie zijnde modules verschaffen tijdens verplaatsing;

- ten minste een module van de eerste zijde in interactie met ten minste een module van
ten minste een andere module type van ten minste een andere van de tegenoverliggende
zijden tijdens verplaatsing, en

de ten minste ene module van de eerste zijde in interactie met ten minste een module
van een andere module type van de tweede zijde en ten minste een module van een

andere module type van de derde zijde.
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73. Het element volgens conclusie 72, waarbij de eerste zijde verandert van interactie

zijnde module voor de verplaatsing.

74. Het element volgens conclusie 72 of 73, waarbij tijdens verplaatsing, de

bewegingsmodule gekoppeld is met de eerste zijde.

75. Het element volgens een der conclusies 72-74, waarbij ten minste een module van
de tweede zijde en ten minste een module van de derde zijde in interactie is met een

andere module van de eerste zijde tijdens verplaatsing.

76. Het element volgens een der conclusies 72-75, waarbij de modules van de tweede
zijde en de derde zijde na elkaar in interactie zijn met een andere module van de eerste

zijde voor de verplaatsing.

77. Het element volgens een der conclusies 72-76, waarbij de modules van het element
afwisselend in interactie zijn met modules in de tweede en derde zijde van de

soortgelijke elementen tijdens verplaatsing.

78. Het element volgens een der conclusies 72-77, waarbij elk van de elementen een

bewegingsmodule omvat.

79. Het element volgens een der conclusies 72-78, waarbij elk van de ten minste ene

zijde van genoemde element een beweging module omvat.

80. Het element volgens een der conclusies 72-79, waarbij het element ten minste twee

van de zijden omvat.

81. Het element volgens een der conclusies 72-80, waarbij het detectiemiddel is
ingericht voor het meten van een afstand van dat element tot een naburig element langs

het traject, of een oriéntatie van het element.

82. Een element, waarbij het elementen driedimensionaal is en omvat:

- een middelpunt in het element;
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- ten minste een zijde gekoppeld met het middelpunt en omvattende:

- een bewegingsgeleidingsmodule, welke een traject definieert over ten minste
een deel van de zijde;

- een bewegingsmodule, gekoppeld met een zijde en ingericht voor het
verplaatsen van het element langs het traject van een soortgelijke element wanneer in
interactie met de bewegingsgeleidingsmodule van dat soortgelijke element;

- a bewegingsbeperkingsmodule, ingericht voor het beperken van de verplaatsing
van het middelpunt ten opzichte van het middelpunt van het soortgelijke element tot ten
minste een traject gekozen uit de groep bestaande uit het traject en het traject van het
soortgelijke element, wanneer in interactie met de bewegingsmodule;
waarbij de bewegingsmodule is ingericht voor het verplaatsen van het middelpunt van
het ene element ten opzichte van het middelpunt van het soortgelijke element bij
interactie met de bewegingsgeleidingsmodule van het soortgelijke element,
waarbij voor het verplaatsen van het middelpunt van het element weg van het
middelpunt van het soortgelijke element, een eerste zijde van de ten minste ene zijde
van de element gelegen is tegenover een tweede zijde van dat soortgelijke element, en
waarbij voor de verplaatsing de bewegingsmodule in interactie is met ten minste een
bewegingsgeleidingsmodule en met ten minste een bewegingsbeperkingsmodule,
het element verder omvattende:

- een communicatiemodule voor de uitwisseling van gegevens met ten minste een
andere, soortgelijke element, de data omvattende ten minste een positie status;

- een gegevensverwerkingsmodule, functioneel gekoppeld met de communicatiemodule
voor verwerking van gegevens van de communicatiemodule;

- een energiemodule, functioneel gekoppeld voor het verschaffen van energie aan ten
minste de bewegingsmodule, de communicatiemodule, en de
gegevensverwerkingsmodule, waarbij de gegevensverwerkingsmodule software omvat
die, wanneer uitgevoerd op de gegevensverwerkingsmodule:

- een voor het element ingestelde positie, gekozen uit plaats en oriéntatie en een
combinatie daarvan, ophaalt via de datacommunicatie module;

- de huidige positie-informatie ophaalt;

- ten minste een bewegingsinstructie voor de bewegingsmodule produceert voor het
bewegen van het element van de huidige positie naar de ingestelde positie door het van

zijn zijde over of langs een zijde van een ander, soortgelijk element;
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- de bewegingsmodule voorzien van de ten minste ene bewegingsinstructie.

83. Een element omvattende:

- ten minste een buitenoppervlak welke verplaatsing mogelijk maakt;

- ten minste een bewegingsbeperkingsmodule voor in werking van de
bewegingsmodule handhaven van een positie van het element ten opzichte van / op een
soortgelijk element;

- ten minste een bewegingsmodule voor het verplaatsen van het element ten opzichte
van andere, soortgelijke elementen in hoofdzaak over of langs het buitenoppervlak;

- een communicatiemodule voor het uitwisselen van gegevens met andere, soortgelijke
elementen;

- een gegevensverwerkingsmodule, functioneel verbonden met de bewegingsmodule,
de bewegingsbeperkingsmodule, de communicatiemodule

- Een energie-module, voor het leveren van energie aan de bewegingsmodule, de
bewegingsbeperkingsmodule, de communicatiemodule, en de

gegevensverwerkingsmodule.

84. Een spelsamenstel, omvattende een samenstel volgens een der voorgaande
conclusies, en een computerinrichting in communicatie met tenminste een van de
elementen, welke computerinrichting voorzien is van een computerprogramma dat,
wanneer werkend op de computerinrichting, de stappen uitvoert:

-verzoeken om een gebruikersinvoer voor het definiéren van een startgroepering van de
elementen;

-verzoeken om een invoer van de gebruiker voor het definiéren van een eindgroepering
van de elementen;

-communiceren van de start- en eindgroepering aan ten minste een van de elementen.

85. Een computer geimplementeerde bouwhulpmiddel, omvattende een
computerprogramma dat, wanneer uitgevoerd op een computerinrichting , de volgende
stappen uitvoert:

-definieren in een geheugen een reeks van ten minste drie elementen, elk element
omvattende:

- Een middelpunt in het element, een relatieve positie en een oriéntatie;
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- Een beweginggeleidingsfunctie, gekoppeld met het middelpunt en welke een traject
definieert over het element;

- Een bewegingsfunctie welke verplaatsing van het middelpunt ten opzichte van een
tweede middelpunt van een van de andere elementen definieert onder gebruikmaking
van de bewegingsgeleidingsfunctie van dat andere element;

- een bewegingsbeperkingsfunctie, ingericht voor beperking van de verplaatsing van
het middelpunt ten opzichte van het tweede middelpunt tot ten minste een traject
gekozen uit de groep bestaande uit het traject en een tweede traject van het andere
element;

waarbij de bewegingsgeleidingsfunctie van ten minste twee van de elementen een
functionele koppeling tussen elementen definieert voor het in staat stellen van de
bewegingsfunctie om het middelpunt van een derde, verplaatsend element dat in
contact is met een van de twee andere elementen weg van het middelpunt van een van
de twee andere elementen en naar het middelpunt en in contact met de andere van de

twee andere elementen.

86. Het computer geimplementeerde bouwhulpmiddel volgens conclusie 85, waarbij

het bouwhulpmiddel deel is van een spel.

87. Gebruik van een samenstel en / of een element volgens een der voorgaande
conclusies in een gekozen uit een spel, speelgoed, een educatieve bouwset en een

medische rehabilitatichulp.

88. Werkwijze voor het spelen van een spel of een simulatie, omvattende het
verschaffen van een computerprogramma dat, wanneer uitgevoerd op een computer
inrichting uitvoert:

- definiéren van een set van tenminste drie driedimensionale elementen in een
geheugen, waarbij elk element een middelpunt en ten minste een zijde omvat;

- definiéren in een geheugen van een begintoestand van de set elementen, een start
buitengrens van de set elementen, en ten minste een positie van elk element ten

opzichte van de buitengrens;
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- definiéren in een geheugen van een doeltoestand van het stel elementen, welke
doeltoestand verschilt van de begintoestand en verplaatsing van ten minste een element
vereist;

- het bieden van een functie-gereedschapskist omvattende:

- een set van bewegingsgeleidingsfuncties, de bewegingsgeleidingsfuncties gekoppeld
met het middelpunt en definiérend een traject over het element;

- een set bewegingsfuncties die verplaatsen van het middelpunt ten opzichte van een
tweede middelpunt van een van de andere elementen definiéren onder toepassing van
de bewegingsgeleidingsfunctie van dat andere element;

- een set bewegingsbeperkingsfuncties, ingericht voor het beperken van de verplaatsing
van het middelpunt ten opzichte van het tweede middelpunt tot ten minste een traject
gekozen uit de groep bestaande uit het traject en een tweede traject van het andere
element;

- een set van de sensor voor het verstrekken van informatie over de omgeving van een
element;

- presenteren van de functie-gereedschapskist aan een gebruiker en het mogelijk maken
dat de gebruiker voor elk element ten minste een functie selecteert uit de functie-
gereedschapskist;

- verschaffen voor elk element van een element computerprogramma dat geselecteerde
functies functioneel koppelt van en welk element computerprogramma wanneer
uitgevoerd stappen uitvoert die invoer gekozen uit sensorinvoer en relatieve positie
invoer mogelijk maakt, en beweging van een element waarop het element
computerprogramma loopt mogelijk maakten

-laten lopen op elk element van het element computerprogramma.

89. De werkwijze voor het spelen van het spel volgens conclusie 88, omvattende de
stap van het verschaffen van invoer over de aanwezigheid van een ander element in

contact met ten minste een zijde.

90. De werkwijze voor het spelen van het spel volgens conclusie 88 of 89, omvattende
definiéren in een geheugen van een doeltoestand van de set elementen door een einde

buitengrens van de set elementen.
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91. De werkwijze voor het spelen van het spel volgens een der conclusies 88-90,
omvattende definiéren in een geheugen van een doeltoestand van de set elementen door
het definiéren voor ten minste een element van een eis ten aanzien van de set

elementen.

92. De werkwijze voor het spelen van het spel volgens een der conclusies 88-91,
omvattende definiéren in een geheugen van een doeltoestand van de set elementen door
het definiéren voor ten minste een element van een eis met betrekking tot ten minste

een element van het stel elementen.

93. De werkwijze voor het spelen van het spel volgens een der conclusies 88-92,
omvattende definiéren in een geheugen van een doeltoestand van het stel elementen
door het definiéren voor ten minste een element van een eis met betrekking tot ten

minste een specifiek element van het stel elementen.

94. Werkwijze, in het bijzonder een spel, omvattende het veranderen van de vorm van
een voorwerp van elementen van een eerste vorm naar een tweede vooraf bepaalde
vorm, waarbij de positie van ten minste een element met betrekking tot ten minste een
andere van de elementen verandert gedurende het veranderen van vorm, waarbij elk
element een computerprogramma omvat dat, wanneer uitgevoerd op een computer
module van het element, ten minste een deel van de besluitvorming over de

verplaatsing naar de tweede vooraf bepaalde vorm baseert op een factor van willekeur.

95. Een werkwijze voor het spelen van een spel omvattende

- verschaffen van een beginvorm van ten minste drie kubusvormige elementen aan een
gebruiker die het spel speelt;

- verschaffen van een andere eindvorm omvattende de ten minste drie kubusvormige
elementen, waarbij tenminste een kubusvormig element moet worden verplaatst ten
opzichte van de andere kubusvormige elementen waarbij de verplaatsing optreedt door
een bewegingsfunctie gerelateerd aan een kubusvormig element dat werkt samen met
ten minste een ander kubusvormig element;

- het verstrekken van een set parameters die samen met de andere eindevorm het

verliezen of winnen van het spel bepalen;
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- voorzien van de gebruiker van een reeks gereedschappen, waarbij de gebruiker
programmeerbare kenmerken van de elementen kan selecteren waarmee elk element
zijn eigen programma kan uitvoeren;

- de gebruiker in staat stellen een selectie te maken uit de set van gereedschappen;

- overbrengen van de door de gebruiker geselecteerde gereedschappen naar de ten
minste drie kubusvormige elementen;

- starten van het spel waarbij de ten minste drie kubusvormige elementen hun
individuele programma vanaf de beginvorm uitvoeren;

- voltooien van het spel op basis van deze parameters en de positie van de ten minste

drie kubusvormige elementen ten opzichte van genoemde andere eindvorm.

96. Werkwijze volgens conclusie 95, waarbij het spel een computerspel.

97. Werkwijze volgens conclusie 95 of 96, waarbij de programmeerbare kenmerken ten
minste een gekozen uit de groep van sensor kenmerk, communicatie kenmerk, energie
kenmerk, bewegingskenmerk, bewegingsbeperkingskenmerk,

bewegingsgeleidingskenmerk, en programmakenmerk omvatten.

98. Werkwijze volgens een van de conclusies 95-97, waarbij het eigen programma ten
minste een gekozen uit de groep bestaande uit een element van randomisatie, een

leeralgoritme en een kunstmatige intelligentie element omvat.

99. Werkwijze volgens een van de conclusies 95-98, waarbij deel van het eigen
programma gebruik maakt van een gekozen uit de groep bestaande uit randomisatie,
probabiliteiten, een terugkoppellus, een leercurve, een probleem generator,
prestatiecomponent, een wereld model bestaat uit het milieu en de wereld toestand in

het eigen programma.

100 Werkwijze voor het veranderen van de vorm van een systeem volgens conclusie 1,
omvattende verplaatsing van het middelpunt van het eerste element weg van het
middelpunt van het tweede element en naar het middelpunt van het derde element,

welke verplaatsing omvat het koppelen van de beweging module aan een zijde van een
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van de elementen en het in werking stellen van de bewegingsmodule voor interactie
met de bewegingsgeleidingsmodule van de een van de andere elementen, waarbij

de bewegingsmotion in interactie is met ten minste een bewegingsgeleidingsmodule en
ten minste een bewegingsbeperkingsmodule, waarbij de tegenovergelegen zijden de in
interactie zijnde modules verschaffen tijdens verplaatsing, met ten minste een module
van de eerste zijde in interactie met ten minste een module van ten minste een andere
module type van ten minste een andere van de tegenovergelegen zijden tijdens
verplaatsing, en de ten minste ene module van de eerste zijde interactie is met ten
minste een module van een andere module type van de tweede zijde en ten minste een
module van een ander type module van de derde zijde.

-0-0-0-0-0-



1/19




2/19

|
L/
1 —3
de
a2 (b |c
FIG. 2A
3 1
7\ L
a |d 3
b |c
7
" FIG. 2C
3 1
3
3 _//’
° 3
b |c |d
7




i ,/7 /1 1 1/1
3 Xa/b/ b
i et

a/nh /i 9/ h/i

3~
3

( /

) —

5 FIG. 3A FIG. 3B
/a/b/c /] /a /b ./ /C /]
| | /d/e/* | [ /d /e /*
a./h /i 9 /h /i

FIG. 3C FIG. 3D
Ja/b Sc/f Sa/b/c /1t
| | /d/e | [ /d /e
g/ h /i g/ h /i

FIG. 3E FIG. 3F
/Ja/b/c /| Ja/b/c /|
| | /d I a /]

g h i g h i

e e

FIG. 3G FIG. 3H



. 4/19

s

3 Xa/b/c

a/b/c /|
/d/ e /i
h

FIG. 3

d/e_/f

FIG. 3A

)/

3

33—~

f

/a/b /c
| /d_/e

a/b/c/f
A VAV

FIG. 3K

FIG. 3J

/a /b /c /f

/a/

Sfa/b/c /f
| /d/]

FIG. 3M

FIG. 3L

f

/a/b/c
/a/

FIG. 3H



5/19

/

a4

/

y a4

S 3
/W :
N O)
R \E

...... N

M

o

A p
T eN-= o
B EEE
SN

33—~

/
[ /S

/

/

FIG. 3P

/

)
3

33—~



& A /’
[
< | 777 A~ >
11 \
74j |
y 8| oz y
- —3
5 § /_\3’
15/J"_=| = l=JI\‘\75
77—
s,
~ 0 CTET— 15 ~
15’ ‘
— -
/- S
10’
! FIG. 4B
10 f
) Vsl
AN~ (1
48] N1l T4B
111 N0 10
11—~ + [d>—F N B/
:l-’/l/ / \\ J/’F\
10/‘_/ =an 10
72£\/ [ \/’\\72
Ij/\’>70
12— ;3 =
1

FIG. 4A



7/19

/\,70
18 —~—1
19
s
16 z) 15
17
FIG. 4C
14 3
11
14




i
3 a\ r—l \;77 3’ 14
P S— = —/  FIG. 4E
0 /7 © |
1" 11 14714 ”
S
3 a\m | 11 314
Mo S—— —<=/  FIG.4F
e, )] Q" , 1
1 1 14’ /
e
) r—l )
a =11 3
ol & FIG. 4G
Al I
1’ 11’ 14°14° 1’
S
Y M Illﬂ
a 11
g Fla— FIG. 4H
Ak, /I, N
711 140 1’



9/19

FIG. 41

)

117 14°14°

ar—l \ N

—~
)

)
\/”
(c

FIG. 4J

by
1P

3
3
3

11° 14’14’

I T
o

¢

1’

)
11 3’

==
)

FIG. 4K

/

/

1,

>
il

3
3
3

li

117 14’14’

(l
1

11" 14°14°

(’
)

1’



10/19

3

INNENENENENNENGENEEEEE

INNENNNENENENENNNEEEEE

10°

3ﬁ//ﬁ

| | | | | | 1
T~ T1 T 1 ~T 7171
i | | | | | | [
e s T S e N
| | | | | | | [
I [ | | | | | 