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external device.

Toy Construction System with Robotics Control Unit

The present invention relates in one aspect to a toy construction robotics system
including a robotics control unit, wherein the robotics control unit comprises: a housing comprising coupling elements configured for releasably interconnecting the ro-

botics control unit with cooperating toy construction elements; a processor comprising programmed instructions; and a plurality of l/O-ports configured to communicate

with the processor.

BACKGROUND OF THE INVENTION
Toy construction systems including robotics controllers for use in the construction of
toy robots with many functions provide a highly interactive and stimulating play ex

perience for the user, and in particular for children. Robotics controllers, when integrated in a motion enabled toy construction model, in particular when combined with
suitable peripheral devices, such as actuators and/or sensors, allow for bringing the
model “to life” so as to perform programmed or even autonomous functions. Designing, building and programming such a robot is a challenging task which among oth-

ers can stimulate an advanced learning experience of the user in a playful way.

However, in order to succeed with engaging the user in the task it is important to
facilitate an intuitive understanding of the various steps in the building and programming process in a way suitable for a broad range of users, who may have very
different levels of building and programming experience.

Therefore there is a need for an improved robotics controller, e.g. for use in robotics
construction sets, and in particular for use in robotics toy construction models, which
enhance the building and programming experience in a playful way.

SUMMARY OF THE INVENTION
A first aspect of the invention relates to a toy construction robotics system including
a robotics control unit, wherein the robotics control unit comprises:
a housing comprising coupling elements configured for releasably interconnecting the robotics control unit with cooperating toy construction elements;

a processor comprising programmed instructions;

a plurality of l/O-ports configured to communicate with the processor; and
a plurality of separate light emitters, each of the light emitters being operable, in
response to instructions from the processor, to selectively produce at least two
different indicator states;
wherein the light emitters are arranged in a two-dimensional matrix of orthogonal
columns and rows, each row extending between a first end and a second end,
wherein the first ends of the rows define a first edge of the matrix and the second
ends of the rows define a second edge of the matrix opposite to the first edge;
wherein each of the I/O ports is positioned on a line defined by one of the rows and
at one of the first and second ends of said row.

By thus arranging the separate light emitters and the I/O ports in an aligned relation

to each other, the varying status of the toy construction robotics system, in particular

different relations between I/O ports according to varying configurations of the robotics control unit can be dynamically visualised in a flexible yet unambiguous manner.

For example, information on the current state of the toy construction system may be
visualized as connections of peripheral devices or interactions with external devices
are suggested and indicated to the user, as well as attempted, configured, and/or

reconfigured in the course of constructing and/or operating a toy robotics build. Furthermore, the visualisation can be dynamically adapted each time to reflect the current state of the toy construction system. Thereby, a further improved visualization
of the status of the different I/O ports by the light emitters according to a current configuration of the robotics control unit in the toy construction robotics system is
achieved. The matrix layout in combination with the alignment of the I/O ports with
their associated light emitters enhances the accessibility of the robotics control unit
for its use in more complex builds by less experienced users.

The housing of the robotics control unit encases the processor, i.e. the processor is
arranged in the housing. Thereby, an autonomous unit is provided. Preferably, the
robotics control unit further includes an independent power supply in the same housing, thereby making the robotics control unit fully autonomous. At the same time, the

housing has one or more coupling members configured for releasably interconnecting the robotic control unit with cooperating elements having corresponding coupling

members. The housing thus provides coupling elements for integrating the robotics

control unit with known toy construction elements in order to facilitate a modular and
easily expandable play experience for constructing a toy robot. For example, the
cooperating elements may include one or more toy construction elements, the toy
construction elements comprising one or more coupling members configured for
releasably interconnecting the toy construction elements with each other. Other ex

amples for cooperating elements may include a support surface or a peripheral device equipped with such coupling members adapted for engaging the coupling
members arranged on the robotics control unit. Thereby, the robotics control unit
may easily be added to a toy construction model as an integral part, or as a retrofit.
The presence of such coupling elements for interconnecting the robotics control unit
with cooperating coupling elements of other toy construction elements is therefore
important for its usefulness in the context of a toy construction system.

The term

/O port” refers to an input-output port. The I/O ports are for implementing

robotic functionality through peripheral sensors and/or motors. The I/O ports are
adapted for both input and output. Under operation, however, the actual assignment
of input and/or output tasks may depend e.g. on the peripheral device connected to
the I/O port and the particular robotic function implemented through this I/O port.

The light emitters have macroscopic dimensions as further detailed below. Each
separate light emitter is visually perceptible as an individual element by a human
user and can be selectively operated in response to instructions from the processor.
The light emitters are arranged on a front side of the housing in a two-dimensional
arrangement with parallel rows and with columns that run orthogonal to the rows.
The light emitters are furthermore aligned with respect to the l/O-ports such that
each of the l/O-ports has an associated light emitter next to it. Most preferably, the
I/O ports are located in extension of the rows outside the bounds defined by the first

and second edges of the matrix.

The front side may be seen as the side on which the light emitters are arranged,
which in operation can point in any direction, such as up, down, or sideways. The
light emitters are thus visible from the outside of the housing. The terms “up” and
“down” may be defined as vertical directions, i.e. essentially parallel to the direction
of gravity. The term “sideways” may be defined as a direction at an angle with the

vertical direction. For each of the I/O ports an associated light emitter is located in
an edge portion of the two-dimensional arrangement of light emitters adjacent to the

l/O-port. The associated light emitters can be activated to provide visual guidance to

the user of the robotics control unit, e.g. relating to the correct use of I/O ports when
building a robotics enhanced model. This facilitates an improved interactive learning
experience, in particular for the un-experienced user, when building a complex robotics toy construction model.

As mentioned above, the light emitters are aligned with respect to the l/O-ports such
that each of the l/O-ports has a uniquely associated light emitter next to it. Advantageously, this is achieved by placing the associated light emitter within an associated
width of the I/O port as seen in a direction along the edge of the matrix. The associated light emitters are thus easily visually associated with their respective I/O ports.

The associated width may be delineated by the width of the I/O port as seen in the
direction along the edge of the matrix adjacent to the l/O-port. Further advantageously, the width of the I/O port may be marked up next to the edge of the matrix.
Thereby a further improved guidance of the un-experienced user is provided to facilitate a further improved interactive learning experience.

Advantageously, the light emitters are dimensioned to correspond in scale to the
dimensions of I/O ports in a toy construction system and the connectors used in
such a context. Useful l/O-ports and cooperating connectors should be dimensioned

for use with a manual building operation, and should in particular be suited for the
use by children or by un-experienced users. Typical dimensions of such l/O-ports

may be in the range of millimetres and/or centimetres. Accordingly, the light emitters, like the l/O-ports and cooperating connectors, also have macroscopic dimen-

sions adapted for use in the context of direct human interaction, i.e. the light emitters
are preferably dimensioned with transverse dimensions in the plane of the matrix in

the range of millimetres and/or centimetres. While light emitter dimensions down to
0.5mm are conceivable, a minimum transverse dimension of at least 1mm, at least
2mm, or at least 3mm is desirable in order to properly resolve and distinguish the

individual light emitters and to provide a proper association with the respective l/Oports. A n upper limit for the dimensions of the light emitters is determined by the

arrangement of the l/O-ports, and may e.g. be determined by the actual width of the

l/O-ports or by the associated width of the l/O-ports along the edge next to the l/Oport, and/or in relation to the distance between neighbouring l/O-ports.

In agreement with the macroscopic dimensions of the light emitters, the row spacing

and the column spacing are also macroscopic. Advantageously, the row spacing is

at least 0.5 mm, at least 1 mm, at least 2 mm, at least 3 mm or more. Further advan-

tageously, the column spacing is at least 0.5 mm, at least 1 mm, at least 2 mm, at
least 3 mm or more. Advantageously according to some embodiments, the rows and
columns are evenly spaced. Preferably, the row spacing is the same throughout the
matrix arrangement. Further preferably, the column spacing is the same throughout
the matrix arrangement. Preferably, the matrix of rows and columns forms a square
grid where the row spacing and the column spacing is the same throughout the ma-

trix.

The purpose of the macroscopic light emitters is to provide an interactive guidance
to the user during the construction and building of a robotics toy construction model.

The macroscopic dimensioning and alignment of the separate light emitters with the
I/O ports is also useful for interaction with the user in interactive games, e.g. games

of the type “Simon says”, e.g. requiring activation of a particular input or combination
of inputs at I/O ports according to “Simon’s” commands issued via the associated
light emitters. A further, synergetic effect of the macroscopic dimensioning of the
light emitters is achieved when controlling the light emitters to produce a machine
readable digital code encoding data in respect of the control unit, wherein the machine readable digital code is presented as a visual pattern. As discussed above,
the visual pattern may be captured using a compatible external device. Due to the
macroscopic dimensioning of the light emitters forming the visual pattern, a reliable
capturing of the visual pattern by an external device can be performed using cameras of commonly available mobile devices, or even cheap, low-resolution capturing

devices. Furthermore, due to the macroscopic dimensioning of the light emitters, the
process of the optical transmission of the encoded data from the robotics control unit
to the external device becomes directly accessible to the user. This enhances the

interactive learning experience of the building process and synergistically extends
this experience to include the functional link to external devices interacting with the
robotics control unit.

An interaction between the robotics control unit and its environment is thereby im-

plemented in a manner that is directly accessible both during the building process as
well as during the subsequent controlling and interacting with the finished build. The
direct and associative visualization supports intuitive understanding of the interactions between the robotics control unit and the environment. Consequently an enhanced interactive play and learning experience is created as compared to prior art

robotics control units that have l/O-ports and a front side display, but where the l/Oports and the display are not correlated in the same manner as achieved by the par-

ticular alignment of the I/O ports with the rows and columns of separate light emitters according to the embodiments of the present invention.

A visualization of a state of the robotics control unit and/or of any associated peripheral devices connected thereto is also useful for purposes of calibrating any such

components. For example, the calibration of sensors and/or actuators with respect
to a specific parameter, such as orientation, position, temperature, intensity, colour,

scale, or the like may be performed and/or confirmed in an intuitive and interactive

way by visualizing the state of the robotics control unit and/or any associated peripheral devices connected thereto when performing a comparison to a corresponding reference and applying a correction, if applicable. It is even conceivable that the

visualization on a first robotics control unit may reflect the state of an associated
second robotics control unit communicating with the first robotics control unit, e.g.
for purposes of calibration.

According to some embodiments, accessibility is supported by animated light effects, such as running or blinking lights, colour effects and/or any combinations
thereof. According to some embodiments, accessibility is further supported by other
means, such as acoustic signals/sounds, which are correlated with the visual trans-

mission process, and which may furthermore be combined with any of the above

visual effects. Relevant acoustic signals should be provided in a range of frequencies that is compatible with human hearing. Thereby the interactive experience may
be further enhanced.

Alternatively or in addition to the I/O ports that are aligned with the rows, the system
may comprise further I/O ports, which, in analogy to the I/O ports associated with
rows, are associated with columns. This association is in an analogous manner ob-

tained by aligning the further I/O ports with lines defined by the columns of the matrix. In analogy to the above, each of the columns extends from a third end to a

fourth end, the third and fourth ends defining third and fourth edges of the matrix,
respectively. Each of the further I/O ports may thus be positioned on a line defined
by one of the columns and at one of the third and fourth ends thereof. Furthermore,

the further I/O ports are most preferably located in extension of the columns outside
the bounds defined by the third and fourth edges of the matrix. It is noted that equivalent considerations as those discussed herein regarding the alignment of the I/O
ports with respect to the rows also apply to the alignment of the further I/O ports with

respect to the columns of the orthogonal matrix arrangement. These considerations
regarding both embodiments including such further I/O ports and advantages thereof are, therefore, considered as equivalent to the present disclosure and are not
further detailed in the following.

Advantageously according to some embodiments, the above-mentioned advantages
of the two-dimensional matrix layout of the separate light emitters in alignment with
the I/O ports may be further supported by one or more of the following features.

Advantageously according to some embodiments, the number of rows in the twodimensional arrangement of separate light emitters is at least three, at least five, or
at least seven. Furthermore, the number of separate light emitters in each row is at

least three, at least five, or at least seven. Accordingly, in some embodiments, the
number of columns is at least three, at least five, or at least seven. A n upper limit of
the number of rows and/or columns is determined by the overall dimensions of the
foot-print available on the housing for arranging the separate light emitters thereon
and the macroscopic dimensions of the separate light emitters. Typically, the num-

ber of rows and/or the number of columns of separate light emitters on the robotics

control unit does not exceed 20, or does not exceed 15, or does not exceed 12, or
does not exceed 10.

Advantageously according to some embodiments, the l/O-ports are arranged along
at least one edge of the two-dimensional arrangement of light emitters on the front

side of the housing. The I/O ports are adapted for connecting compatible peripheral
devices, such as motors, sensors, or user operable elements. The I/O ports thus
provide an interface for user configurable input and/or output signals to and from the
robotics control unit. The I/O ports may comprise electrical connectors, optical connectors, and may even comprise wireless ports, which may include a visual mark-up
of the wireless I/O port next to the edge of the two-dimensional arrangement of light
emitters. Each of the l/O-ports has an associated port width as seen along the edge
of the two-dimensional arrangement of light emitters.

Further according to some embodiments, at least a first I/O port is arranged at the
first end of the row and a second I/O port is arranged at the second end of the row.
The first and second l/O-ports are thus positioned on the same line as defined by
the corresponding row and at either end of that row.

Further according to some embodiments, a first group of first I/O ports is arranged
along the first edge of the matrix and/or a second group of second I/O ports is arranged along the second edge of the matrix. Preferably, pairs of first and second
l/O-ports are positioned on the same lines defined by the respective corresponding
rows and at either end thereof. Preferably, the number of first group l/O-ports first
group is equal to the number of second group l/O-ports. The rows are associated
with at least one respective I/O port, such as a respective first I/O port and/or a respective second I/O port. The rows associated with I/O ports may be intercalated by
one or more additional rows that are not assigned to particular I/O ports in the same

way. This is e.g. useful for clearly indicating relations, such as physical and/or logical connections, between neighbouring l/O-ports or I/O ports belonging to neigh-

bouring rows. The number of rows in the matrix is then typically a commensurable
multiple of the number of l/O-ports or number of first and second l/O-port pairs, plus
any terminating row(s).

First group l/O-ports have a first port width as seen in a direction along the first edge

of the matrix. Second group l/O-ports have a second port width as seen in a direction along the second edge of the matrix. Each of the first group and second group

l/O-ports may thus be attributed an associated port width along the first and second
edges of the matrix, respectively. Each of the first and second group I/O ports has
an associated light emitter as discussed above. Advantageously, for each of the first

and second group l/O-ports the associated light emitter is located in a first or second

edge portion of the matrix within the associated port width of the first or second
group l/O-port as seen in a direction along the first or second edge of the matrix.
Thereby a good visual association of the light emitters with their respective I/O ports
is achieved as also discussed above.

Advantageously according to some embodiments of the robotics control unit, the
number of first group l/O-ports is equal to the number of second group l/O-ports.
Thereby a simple symmetrical layout configuration can be obtained. The symmetrical layout provides simplified alignment geometry for efficiently exploiting the foot

print of the robotics control unit. Furthermore, by the symmetrical layout a visually

intuitive alignment of the I/O ports with their associated light emitters is achieved. In
combination, this facilitates the use of the robotics control unit for more complex
builds by less experienced users.

Further according to some embodiments, the number of rows is equal to the number
of columns. Such an arrangement is e.g. useful for representing certain types of
visual patterns or machine readable visual codes, such as QR-codes.

Further according to some embodiments, the light emitters are operable, in response to instructions from the processor, to produce a machine readable code encoding data in respect of the robotics control unit.

By producing a machine readable digital code encoding data in respect of the robot-

ics control unit, the robotics control unit can transmit information about itself and

make such information available to other devices, machines, robots, or the like.
These other devices, machines, robots, or the like may capture the machine readable code and decode the information contained in the encoded data in a more or
less automated manner. The robotic control unit may thus directly communicate with

such other devices, machines, robots, or the like.

Further according to some embodiments, multiple light emitters are operable in
combination to produce a pattern, such as a two-dimensional pattern. The pattern
may be a pattern that is configured for signalling to a user and/or adapted for signalling to an external device. A machine-readable code adapted for signalling to an

external device may be represented as a two-dimensional pattern defined by a
combination of any of the herein disclosed optical parameters of the light emitters,
such as colour and intensity using a digital binary or multilevel discrete representation to form any suitable code, such as QR-codes; bar-codes or the like. The ma-

chine-readable code is encoded in a digital format, preferably according to a standardized protocol. Thereby, the robotics control unit is adapted to present the data for
an efficient transmission of the information contained in the data. The following are

examples for data in respect of the robotics control unit: status data; configuration
data; identification data; instructions from the robotics control unit to other devices
and any data relating to such instructions; status indications and configuration in-

structions to the user, e.g. when building and/or operating a toy robot constructed
using the system.

Preferably, the pattern is adapted for optical recognition by an external device,
thereby producing a machine-readable code that can be recognized by an external
device merely by pointing an optical capturing device, such as a camera or a line
scanner of the external device towards the light emitters of the robotics control unit.
An external device may be equipped with an optical input device, such as an optical

imaging sensor, a camera, a machine vision system, or an optical scanning device,
and may further comprise an associated software module for processing optical in-

put received from the optical input device, wherein the software module is further

adapted for interpreting the processed optical input, and/or for recognizing predefined visual patterns in the optical input as captured by the optical input device. By
providing a visual pattern that is adapted for optical recognition by an external device configured in such a way, an efficient communication with such an external device is facilitated.

Further according to some embodiments, the light emitters are operable to produce
a time sequence of indicator states. Thereby an animated indication may be produced and presented to the user, such as blinking, running lights, or other time de-

pendent visual effects. The time-sequence may also be combined with any of the
other above-mentioned optical parameters for encoding a particular state. For example a red colour in combination with a (fast) blinking light may indicate an alert,
whereas a green colour in combination with a (slowly) blinking light may indicate a
waiting/ready state. Again multiple light emitters may be combined to produce a
time-sequence of patterns. Furthermore, a time sequence of indicator states may be
used to encode a machine readable digital code, e.g. a time-dependent

two-

dimensional pattern. While the former is a visible signal to the user, the latter may
be a purely machine-readable encoding of data for transmission. Thereby, a large

variety of codes is available for communicating efficiently with the user and/or external devices using visual patterns.

Further according to some embodiments, the light emitters comprise light emitters
adapted to emit at least visible light. The machine-readable code is preferably a visual pattern, thereby facilitating an intuitive user interaction with the robotics control

unit. The term ‘visual’ as used herein refers to the property of being visible to a hu-

man user. A ‘visual pattern’ thus refers to a pattern that is configured so as to be

perceptible by human sight. The term ‘visible’ refers to light in the visible part of the
electromagnetic spectrum, typically specified to the spectral range with wavelengths
between 750 nm and 400 nm. By representing the machine readable digital code as
a visual pattern on a front side of the housing, the transmission is directly visible to
the user, thus allowing the user to monitor activity of the robotics control unit, e.g. in
a communication process between the robotics control unit and other devices. Observing the communication process, the user may also intervene, e.g. to establish a
connection, influence the flow of the communication, provide user input, and/or terminate the communication. The user may thus both follow and control the direct
communication between the robotics control unit and other devices.

Thereby, machine-driven interaction between the robotics control unit and its environment is implemented in a manner that is directly accessible for the user - both
during the building process as well as during the subsequent verification and interaction with the finished build. The direct and associative visualization supports intui
tive understanding of the interactions between the robotics control unit and the envi-

ronment. Thereby, a particularly instructive, intuitive, and interactive learning and
play experience is facilitated.

Further according to some embodiments, the light emitters comprise light emitters
that are further adapted for emission of infrared, preferably near infrared light, and/or
UV-light. The infrared and/or UV spectral ranges are particularly useful for adding
so-called invisible channels, such as for transmitting purely machine-readable data,
to the so-called visible channel, which is chiefly intended for the user. The infrared
and/or UV-spectral ranges are therefore particularly useful for conveying larger
amounts of data at higher rates than would be accessible to the user. Advantageously according to some embodiments, the invisible channels are combined with
the visible channels so as to multiplex the machine-readable code with visible s ig
nals intended for the user. The visible channel may thus, e.g. be used for userguidance, for visualizing a data exchange between the robotics control unit and an
external device, and/or for transferring basic amounts of data, whereas the invisible
channel may be used as a parallel link for fast interaction and/or transfer of additional (possibly larger) data amounts.

Further according to some embodiments, the light emitters are operable to produce
a machine readable code encoding data identifying the robotics control unit, data
related to an internal status of the robotics control unit, data referring to a program
stored in the robotics control unit, and/or data referring to a program activated in the
processor of the robotics control unit, and/or similar data. Such data is e.g. useful for
establishing and conducting machine communication and further facilitate advanced
interaction with other devices, machines, robots and the likes. The data may further
be data useful to transmit instructions to activate programmed instructions stored in

the receiving device, communicate a particular configuration of the robotics control
unit and peripheral components controlled by it, convey the availability for execution
of specified programmed instructions stored in the robotics control unit, and/or indicate any error states.

Further according to some embodiments, the light emitters are operable to produce
a machine readable code encoding instructions for interaction between the robotics
control unit and an external device. The robotics control unit is thus adapted to

transmit instructions to an external device for interaction with the robotics control
unit. The robotics control unit and the instructions for interaction may be adapted for

interaction with one or more external devices. The robotics control unit may thus
interact with one or more external devices, wherein the one or more external devices may be mobile devices, and/or other robotics control units. For example, a mobile

device may be a mobile phone, a tablet computer, a lap top computer, and/or a
game controller. The other robotics control unit may be e.g. a robotics control unit
that is compatible with or of the same type as the robotics control unit of the toy
construction robotics system. The other robotics control unit may even be configured
to simulate any of the mobile devices vis-a-vis the robotics control unit of the toy
construction system.

Advantageously,

such instructions are adapted to initiate or otherwise influence a

further link between the robotics control unit and the external device in addition to
the optical link relying on the optical transmission of machine readable codes. Advantageously, such a further link is configured for bi-directional communication between the robotics control unit and the external device, thereby supporting and enhancing the direct interaction between the robotics control unit and the external device. Advantageous examples for the further link are any form for wireless link, such
as a direct wireless link, such as an infrared or radiofrequency link, or a wireless link

mediated through a bus or digital network, such as a TCP/IP based wireless network
or other suitable standards and infrastructure. Further advantageously, for reasons
of modularity, efficiency and/or traceability, the communication through the further
link complies with a standardized protocol, such as e.g. discussed in the European
patent EP 2 341 993 B 1 .

According to some embodiments, the optical link via machine-readable digital codes
presented as a visual pattern is merely adapted to “make contact”, wherein the o pti
cal link is adapted to initiate a further link between the robotics control unit and the

external device in an intuitive and interactive manner. Subsequently, the interaction
between the robotics control unit and the external device may be transferred to the
further link. This facilitates an intuitive and interactive way of creating a robotics enhanced model and subsequently bringing the enhanced model to play. Once established, the interaction between the external device and the robotics control unit

through the further link may be visualized or otherwise modelled by the external device in a user perceptible manner.

Further according to some embodiments, the instructions for interaction include instructions for pairing, instructions for establishing a wireless link between the external device and the robotics control unit, and/or instructions for execution of pro-

grammed instructions by the external device, and/or instructions for internal two-way
communication. The robotics control unit may thus provide the information necessary for communicating and otherwise interacting with it. The robotics control unit

may also have instructions to directly control the external device, such as another
robotics control unit. The robotics control unit may even prompt a compatible external device to retrieve any required instruction and execute these instructions. The

external device may retrieve such programmed instructions from its own storage
means, from an attached or otherwise storage, and/or from a network linked source.

Thereby a reliable automated or semi-automated interaction can be initiated from
the robotics control unit but established by the external device in a stable manner.
This allows for flexibility in the choice of external devices. Thereby, an instructive
interactive experience is achieved without overloading the robotics command unit
with compatibility information, yet allowing for a larger variety of compatible external

devices at the convenience of the user.

As mentioned above, the separate light emitters are separate elements having macroscopic dimensions. The separate light emitters may advantageously comprise light
emitting diodes (LED). The separate light emitters may e.g. be individual LEDs, or
based on light-emitting diodes (LED), or macroscopic elements, such as toy con-

struction elements that are illuminated using LEDs.

Advantageously according to some embodiments, the light emitters have at least an
ON”-state and an OFF”-state. An ON”-state and an OFF”-state, may be implemented by simply switching a power supplied to the light emitter on or off, respec-

tively. Alternatively, the ON-state and the OFF-state may also be implemented as
significantly differing intensities of light emitted by the light emitter, where the ONstate may be defined as exceeding an upper threshold intensity, and the OFF-state
may be defined as emission with an intensity below a lower threshold intensity. More

generally,

different states of the separate

mentioned ON”-state

light emitters,

such as the above-

and an “OFF”-state, may be implemented by different emis-

sion characteristics as distinguishable

by optical parameters of the emitted light,

such as different colours, wavelength ranges, intensities, and/or luminance, and any
simultaneous and/or sequential combination thereof. Furthermore, each of the separate light emitters may produce more than two different states as expressed using
any of the above-mentioned optical parameters or combinations/sequences

thereof.

By combining a number of the separate light emitters into a set even more complex

information can be encoded. A set may include any integer number of multiple separate light emitters, such as at least two, at least three, at least four, at least six, or at
least ten, up to the total number of separate light emitters in the matrix arrangement
on the front side of the robotics control unit housing. By using separate light emitters

the reliable distinction of the individual members of the set is ensured, thus allowing
for reliable decoding of the information expressed by a given set. The different
states may visualize a respective state, so as to point the user to a particular state of
the robotics control unit itself, of the robotics control unit in the current context of the
toy construction robotics system, and/or of the robotics control unit in relation to any
further components or devices. In addition thereto, the different states may also be
machine-read using optical capturing and detection techniques allowing for the d is
tinction between the different states in terms of the different optical parameters used
for expressing the different states. Thereby, a wealth of information can be visualized and expressed as a machine readable code and transferred using the individual
light emitters. For example, the different states may be adapted to be readable with
a mobile device or other external device, such as a mobile phone, a tablet, a further
robot control unit, or the like, by using a pre-defined colour palette and/or a scheme
of colour combinations, wherein the external device comprises capturing means, a
processor, and programmed instructions for capturing and decoding such colour
encoded information.

Further according to some embodiments, the light emitters are operable to render a
graph indicating connections between two or more I/O ports, a graph indicating connections between one or more l/O-ports and one or more cooperating peripheral
devices, and/or a graph representing an input received at one or more of the l/Oports. The light emitters may thus be operated, in response to instructions from the

processor, to visualize any relations between input to and/or output from the robotics
control unit as provided through the involved l/O-ports as well as any related information, such as a graph relating to values read at a sensor connected to the robotics control unit, or a graph representing the synchronisation of outputs for motor

control through two connected l/O-ports. The rendered connections may relate to, or
may even directly reflect already established connections, thereby giving an intuitive
indication of functionalities supported through peripheral devices and controlled by
the robotics control unit in a particular build. Rendering already established connections is also useful for supporting and enhancing the learning experience. Advantageously according to some embodiments, the rendered connections further relate to
connections to be formed, e.g. in order to complete a given model using the robotics
control unit. Thereby, intuitive guidance can be provided while building the given
model. The less experienced user may thus be guided to building a more complex
model, thereby enhancing the tutorial effect of the learning experience. Advanta-

geously, the rendering of a connection to be made is prompted by an input.

The input may be generated in response to user input and/or may be generated as
part of a guided procedure for connecting peripheral devices to the robotics control
unit. A n example of such input may include a signal generated by an external device

as a step in an interactive building plan executed on the external device and com-

municated to the robotics control unit. Another example may include a signal generated by a peripheral device that is activated to identify itself and broadcast such in-

formation. In response to such input, the robotics control unit may indicate one or
more l/O-ports that are available for the connection to be formed, e.g. for connecting

the identified peripheral device. Thereby, the interactive building experience is enhanced to allow e.g. less experienced users to build complex models.

Further according to some embodiments of the robotics control unit, the matrix of
light emitters is configured to render a graph representing an input received at one
or more of the l/O-ports. In particular, the light emitters may be operated, in response to instructions from the processor, so as to render a graph representing an
input received at one or more of the l/O-ports. Advantageously, the graph is rendered to represent a signal value of a signal provided as input at the one or more

l/O-ports. Thereby an intuitive visualisation of the input as “seen” by the robotics

control unit is provided, which allows the user to follow the interaction between a
model with the robotics control unit and its environment. The graph may further

prompt the user or an external device observing the light emitter arrangement to
interact with the robotics control unit.

Furthermore, the following embodiments of the robotics control unit specify advan-

tageous features facilitating the interaction between the robotics control unit and
cooperating/compatible peripheral devices. Preferably the specified interfaces of the
l/O-ports are configured in a modular manner allowing for the interchangeable connection of compatible peripheral devices to the l/O-ports. Thereby a versatile con-

nectivity of the l/O-ports with compatible devices is achieved. This is particularly
useful for building complex robotics control systems in an intuitive manner that en-

hances the creative building experience. According to some embodiments, the l/Oports are advantageously configured as interfaces for interacting with peripheral

devices, such as sensors, motors, generators, and/or power sources. Further advantageously, the l/O-ports comprise one or more digital interfaces. Further advantageously, the l/O-ports comprise one or more analogue interfaces. Further advantageously, the l/O-ports are configured for wired and/or wireless communication with
peripheral devices.

Further according to some embodiments, the system further comprises one or more
toy construction elements, each toy construction element comprising one or more
coupling members configured for releasably interconnecting the toy construction
elements with the robotics control unit. Thereby a toy construction model built from
the system can be brought to life with the particular advantages of an interactive
learning and play experience as already discussed above in the context of the robotics control unit.

Further according to some embodiments, the system further comprises an external
device, the external device comprising:
a capturing device adapted to capture a machine readable code produced by the
robotics control unit;
decoding means programmed to decode the machine readable code; and
programmed instructions using the decoded machine readable code as an input;

The robotics control unit is adapted to transmit encoded data in respect of the robotics control unit by producing a machine readable code encoding the data in respect

of the robotics control unit on the front side of the housing. The external device is
adapted to receive the encoded data in respect of the control unit by means of a
capturing device configured to capture the machine readable code produced by the
control unit. The external device further comprises programmed instructions for interacting with the robotics control unit using the received encoded data. The external
device is thus configured for interacting with the robotics control unit. As mentioned
above, the external device may be a mobile device, and/or another robotics control
unit. For example, a mobile device may be a mobile phone, a tablet computer, a lap

top computer, and/or a game controller, and the other robotics control unit may be
e.g. a robotics control unit that is compatible with or of the same type as the robotics

control unit of the toy construction robotics system. The other robotics control unit
may even be configured to simulate any of the mobile devices vis-a-vis the robotics
control unit of the toy construction system. Thereby, the interactive learning experience when using the toy construction robotics system is extended from a model
build comprising the robotics control unit to include the interaction with external de-

vices, which thus may be included in the interactive building and play experience.

The advantages as already discussed above in the context of the robotics control
unit are also achieved by this aspect of the invention, including the multiple facets of
an interactive learning and play experience facilitated thereby.

Advantageously, the external device is adapted for analysing the captured visual
pattern so as to decode the data encoded in the visual pattern. Further advanta-

geously, the external device is adapted for receiving, processing and/or recognizing
the machine readable visual code. Further advantageously, the external device is
further adapted to interpret the received and decoded data as instructions. Further
advantageously, the external device (and the robotics control unit) comprises communication means adapted for establishing a wireless link between the external device and the robotics control unit using the machine readable visual code.

Further according to some embodiments, the toy construction robotics system further comprises wireless communication means, wherein the external device is con-

figured to establish a wireless link for interaction with the robotics control unit, based
on the received and decoded data. In particular, the wireless link is a further link

other than the link between the external device and the robotics control unit using
the light emitters as emitters and the capturing device/decoding means as receiver.
Advantageously, the further link may be established using programmed instructions
for interacting as derived from decoded machine readable code. The further link
may be based on radiofrequency communication using a standardized protocol,
such as using any suitable digital communication protocol. The wireless link may

also be via an IR link or the like. As mentioned above, the further link may even be
implemented by multiplexing techniques, such as using spectral multiplexing techniques. For example, the light emitters of the two-dimensional matrix arrangement
may comprise emitters emitting in spectral ranges adjacent to the visible range,
such as one or more IR-bands and/or one or more UV-bands. In particular, the fur-

ther link may advantageously be used for the direct interaction between multiple
robotics control units.

Further according to some embodiments, the external device is a mobile device,
such as a game controller, a mobile phone, a tablet computer, or a lap-top/portable

computer, said mobile device comprising programmed instructions and a user interface, wherein said programmed instructions and user interface in combination are
adapted for programming and/or controlling the robotics control unit.

Further according to some embodiments, the system further comprises:
a capturing device communicating with the robotics control unit, wherein the
capturing device is adapted to capture a machine readable code;
decoding means programmed to decode the machine readable code; and
programmed instructions using the decoded machine readable code as an input.

The robotics control unit is adapted to transmit encoded data in respect of the robotics control unit by producing a machine readable code encoding the data in respect

of the robotics control unit on the front side of the housing. The robotics control unit
is also adapted to receive encoded data by means of a capturing device configured

to capture a machine readable code produced by e.g. another control unit. Such an

embodiment is particularly useful when the toy construction robotics system is con-

figured for the interaction of multiple robotics control units with each other, e.g. when
building multiple robots configured for a game play, where the robots may encounter
each other, upon encounter recognize/identify each other, and/or otherwise interact
with each other. For example, a toy construction robotics system may comprises
multiple robotics control units configured for interacting with each other, or a robotics
control unit of a toy construction system is configured for interaction with one or
more external devices, which are or may simulate one or more other robotics control
units.

According to a further aspect of the invention, a toy construction robotics kit cornprises a first system according to any of the above embodiments and a second system according to any of the above embodiments. Multiple toy construction systems
according to any of the embodiments disclosed herein may thus be combined in a
kit, e.g. for constructing interacting robots. Such a kit comprises multiple robotics

control units, namely at least a first robotics control unit and a second robotics control unit. Advantageously, the multiple robotics control units are operable directly,
and even autonomously, to interact with each other using the light emitters and cap-

turing techniques as further detailed in the following.

According to some embodiments of a toy construction robotics kit, first light emitters
of a first robotics control unit of the first system are operable to produce a machine
readable code encoding data in respect of the first robotics control unit; and/or second light emitters of a second robotics control unit of the second system are opera-

ble to produce a machine readable code encoding data in respect of said second
robotics control unit.

Further according to some embodiments of a toy construction robotics kit, the first
system further comprises:
a first capturing device communicating with the first robotics control unit, the first
capturing device being adapted to capture the machine readable code produced
by the second light emitters;
decoding means programmed to decode the captured machine readable code;
and

programmed instructions for interacting with the first robotics control unit using
the decoded machine readable code;
and/or the second system further comprises:
a second capturing device communicating with the second robotics control unit,
the second capturing device being adapted to capture the machine readable
code produced by the first light emitters;
decoding means programmed to decode the captured machine readable code;
and

programmed instructions for interacting with the first robotics control unit using
the decoded machine readable code.
Multiple robotics control units may thus directly recognize and/or interact with each
other in an autonomous manner. Alternatively or in addition thereto, the interaction
may also be mediated/initiated by an external device communicating with the two or
more robotics control units of the kit as discussed above with respect to the toy con-

struction robotics system.

According to a yet further aspect of the invention, some exemplary embodiments of
a method of controlling a robotics control unit are provided in the following. Such
embodiments are useful for providing a both instructive and engaging experience to
a user by enabling the user to create and understand a complex robotics build. By
visualizing building steps and other steps of interaction of the robotics control unit
with its environment on the robotics control unit itself, the methods become particularly useful for guiding even an un-experienced user to such achievements in an

intuitively interactive way. Furthermore, the same advantages as discussed in relation to the robotics control unit (and the toy construction robotics system comprising

such a robotics control unit) are also achieved by these methods in an analogous

way. Amongst others, the methods disclosed herein are thus useful for a building
and playing experience, which may include one or more of the following steps:

creating an enhanced build comprising a robotics control unit, peripheral devices hooked up to I/O ports of the robotics control unit, and/or toy construction elements;

creating the enhanced build using an interactive procedure;

prompting the robotics control unit to provide indications of connections
made and/or to be made between I/O ports of the robotics control unit and
peripheral devices;
prompting the robotics control unit to produce a machine readable digital
code as a visual pattern;
establishing contact between the robotics control unit and an external device
by presenting the visual pattern to an optical input device of the external device, where the external device may be envisaged as “looking” at the robotics control unit so as to allow for capturing said visual pattern;

capturing the visual pattern, thus “reading” the machine readable digital code
in a direct machine-to-machine communication;

based on the captured machine readable digital code, and in particular in re-

sponse to data encoded in the captured data, developing instructions for interaction between the robotics control unit and the external device;
in response to these instructions initiating and establishing a further link be-

tween the external device and the robotics control unit;
transferring the control of the enhanced build to the external device, preferably communicating through the further link;

programming the robotics control unit and/or any peripheral devices connected to it, e.g. through a user interface on the external device; and/or

remotely controlling the robotics control unit and/or any peripheral devices
connected to it, e.g. through the user interface on the external device;
creating and configuring a user interface for interacting with the enhanced
build;

interacting with the enhanced build from the external device; and/or
programming and remotely controlling the enhanced build through a user interface on the external device;

Advantageously according to some embodiments, a method of controlling a robotics
control unit comprises the steps of:
producing a machine readable digital code encoding data in respect of the
robotics control unit, wherein the machine readable digital code is produced
on the robotics control unit as a visual pattern;

presenting the visual pattern to an optical input device of an external device;

capturing the machine readable digital code by means of the optical input
device of the external device to produce captured data representative of the
data encoded in the machine readable digital code;
based on the captured data, developing instructions for interaction between

the robotics control unit and the external device; and
executing the instructions to establish said interaction.

Further according to some embodiments of the method, the instructions for interaction include instructions to initiate a further link between the external device and the

robotics control unit. The further link is then established as a consequence of executing such instructions.

Further according to some embodiments, the method further comprises the step of
providing on the external device a user interface for interaction with the robotics control unit.

Further according to some embodiments of the method, said user interface for interaction with the robotics control unit comprises:

elements adapted for programming the robotics control unit;
elements adapted for programming peripheral devices attached to I/O ports
of the robotics control unit;
elements for remotely controlling the robotics control unit; and/or
elements for remotely controlling peripheral devices attached to I/O ports of
the robotics control unit.

Advantageously, the method of controlling a robotics control unit is implemented in a
robotics control unit according to any of the embodiments as disclosed herein. Further advantageously, the method of controlling a robotics control unit is implemented
in a toy construction robotics system including such a robotics control unit, and/or in

a toy construction model including such a robotics control unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will in the following be described in more
detail in connection with the appended drawings, which show in

Figs. 1-3

prior art toy construction elements;

Fig. 4

a robotic control unit according to one embodiment;

Fig. 5-7

schematically, embodiments of a robotics control unit with a matrix
arrangement of separate light emitters that are aligned with respect to
l/O-ports arranged along edges of the matrix; and in

Fig. 8

a schematic of a robotic control system according to one embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Various aspects and embodiments of a robotics control unit as well as toy construction systems that are enhanced by including such a robotics control unit as dis-

closed herein, will now be described with reference to toy construction elements in
the form of bricks. However, the invention may be applied to other forms of construction elements for use in toy construction sets.

Fig. 1 shows a toy construction element with coupling studs on its top surface and a

cavity extending into the brick from the bottom. The cavity has a central tube, and
coupling studs on another brick can be received in the cavity in a frictional engagement as disclosed in US 3 005 282. Figs. 2 and 3 show other such prior art construction elements. The construction elements shown in the remaining figures have
this known type of coupling members in the form of cooperating studs and cavities.
However, other types of coupling members may also be used in addition to or instead of the studs and cavities. The coupling studs are arranged in a square planar
grid, i.e. defining orthogonal directions along which sequences of coupling studs are

arranged. The distance between neighbouring coupling studs is uniform and equal
in both directions. This or similar arrangements of coupling members at coupling

locations defining a regular planar grid allow the toy construction elements to be
interconnected in a discrete number of positions and orientations relative to each
other, in particular at right angles with respect to each other.

Fig. 4 shows a robotics control unit 100 according to one embodiment. The robotics

control unit 100 has a housing 1 10 in which a processor 120 is arranged. The processor 120 comprises programmed instructions, which may be activated and executed in response to an input from a user, e.g. via user operable control elements on
the robotics control unit, or from a device communicating with the robotics control
unit, e.g. through a wired or wireless connection. A two-dimensional matrix 130 of

orthogonal rows and columns of light emitters 131 is arranged on a front side of the
housing 110, wherein the light emitters 131 are connected to communicate with the
processor 120. The matrix 130 has a plurality of separate light emitters 131 that are
arranged regularly spaced in a two-dimensional array. The light emitters 131 are
arranged in a rectangular matrix of rows and columns. The separate light emitters
131 are individually controllable light emitters, such as light emitting diodes (LEDs).

The light emitters 131 are operable in response to instructions from the processor
120.

The robotics control unit 100 further comprises a plurality of l/O-ports 140a-f that are
connected to communicate with the processor 120. The l/O-ports 140a-f are arranged along opposite edges of the matrix 130, with a first group of l/O-ports 140a-c
arranged along a first edge of the matrix 130, and with a second group of I/O ports
140d-f arranged along a second edge of the matrix 130 opposite to the first edge.
Here, the number of l/O-ports 140a-c of the first group is equal to the number of l/O-

ports 140d-f of the second group. The l/O-ports 140a-f include sockets that are ar-

ranged along edges of the front side of the housing 1 10, wherein the sockets are
accessible for the insertion of cooperating plugs (not shown) from the side of the
housing 110. The l/O-ports 140a-f define interfaces for the connection of peripheral
devices. The interfaces may include digital signal channels, analogue signal channels, and/or a power supply output for powering the peripheral devices. Each of the

l/O-ports 140a-f has an associated port width along the edge of the matrix, which in
the embodiment of Fig.4 is marked up next to the matrix 130 along the respective
edge, on the front side of the housing 110. The l/O-ports are dimensioned for use

with a manual building operation in the context of a toy construction system as described herein, and should in particular be suited for the use by children or by unexperienced users in such manual building operations.

The light emitters 131 are aligned with respect to the l/O-ports 140a-f such that each
of the l/O-ports 140a-f has a respective, uniquely associated light emitter 131 a-f
next to it. In particular, the rows of the matrix of light emitters 131, the first group of
l/O-ports 140a-c and the second group of l/O-ports 140d-f are aligned with respect
to each other such that each of the first group l/O-ports 140a-c is arranged in line

with a corresponding second group l/O-port 140d-f via a row of light emitters 131 .
The light emitters are dimensioned to correspond in scale to the dimensions of I/O
ports to allow for easy association, typical dimensions being of several millimetres
up to a few centimetres.

In between the rows comprising the light emitters 131 a-f, further light emitters 131

are arranged in an equally spaced grid, thereby increasing the amount and diversity

of information that can be presented as a visual pattern by the robotics control unit
without compromising the unique association between the l/O-ports 140a-f and the
associated light emitters 131 a-f.

The housing 1 10 also has one or more coupling members 111 configured for releasably interconnecting the robotic control unit with cooperating toy construction
elements having corresponding/cooperating

coupling members. These coupling

members 111 allow for mechanically attaching the robotic control unit 100 to toy
construction elements and thus integrating the robotics control unit 100 in a toy construction model, e.g. in connection with peripheral devices also comprising such
coupling members, such as motors and sensors. Thereby, the toy construction
model can be “brought to life” to enhance the user’s interactive play and learning
experience.

Advantageously,

the robotics control unit 100 also comprises a power source

adapted to supply at least the robotics control unit 100 and further advantageously
can provide power to attached peripheral devices, e.g. through an l/O-port interface.

Peripheral devices may include, but are not limited to motors, or sensors. Any suitable power source may be conceived. An autonomous power supply integrated in the

robotics control unit is, however, preferred. Non-limiting examples for such autonomous power supplies are: a battery pack, such as a rechargeable battery pack; energy harvesting devices, such as photovoltaic elements; or electrochemical power

converters, such as fuel cells with an adequate fuel supply/reservoir. This has the
advantage that the robotics control unit 100 can easily be integrated in a toy construction model in a flexible manner, and toy construction models comprising one or
more such autonomous robotics control units 100 can move around in an autono-

mous manner, thereby enhancing the user’s interactive play and learning experience when building such a toy construction model and subsequently interacting with
the completed build.

Referring now to Figs. 5-7, three different embodiments of the robotics control unit
200, 300, 400 are discussed. The different embodiments relate to different configu-

rations facilitating different modes of interaction of the robotics control unit 200, 300
400 with its surroundings by means of the light emitters 231 , 331 , 431 .

In all three figures, Fig. 5-7, a robotics control unit 200, 300, 400 is shown schemati-

cally in a top view with a matrix 230, 330, 430 having separate light emitters 231 ,
331 , 431 arranged in a two-dimensional arrangement covering a portion of a front

side of the robotics control unit 200, 300, 400. A first group of l/O-ports 240a-c,
340a-c, 440a-c is distributed along a left edge of the matrix 230, 330, 430, and a
second group of l/O-ports 240d-f, 340d-f, 440d-f is distributed along a right edge of
the matrix 230, 330, 430. By way of example, there are three first group l/O-ports
240a-c, 340a-c, 440a-c and three second group l/O-ports 240d-f, 340d-f, 440d-f.
The first group of l/O-ports 240a-c, 340a-c, 440a-c, the second group of l/O-ports
240d-f, 340d-f, 440d-f, and the light emitters 231 , 331 , 431 are aligned with respect
to each other such that each of the first group l/O-ports 240a-c, 340a-c, 440a-c is

arranged in line with a corresponding second group l/O-port 240d-f, 340d-f, 440d-f,
through a row of separate light emitters 231 , 331 , 431 . Each of the I/O ports 240a-f,
340a-f, 440a-f has a uniquely associated light emitter 231 a-f, 331 a-f, 431 a-f immediately next to it. A first group l/O-port 240a, 340a, 440a is thus visually associated
with a corresponding second group l/O-port 240d, 340d, 440d via the row of light
emitters 231, 331 , 431 extending from light emitter 231 a , 331a, 431a to light emitter
231 d , 331 d , 431 d . In the same manner the first group I/O ports labelled “b” are visu-

ally connected to the I/O ports labelled “e” via the row comprising the associated

light emitters labelled “b” and “e”, respectively; and accordingly for the l/O-ports labelled “d” and “f with associated light emitters labelled “d” and “f”.

By way of example, each of the matrix arrangements 230, 330, 430 shown in Figs. 5-

7 have 25 separate light emitters 231 , 331, 431 , that are distributed in an evenly
spaced rectangular matrix of five rows by five columns: three rows of light emitters
231 , 331 , 431 comprising the associated light emitters 231 a-f, 331 a-f, 431 a-f are

aligned with the I/O ports 240a-f, 340a-f, 440a-f as described above; and two interstitial rows, wherein an interstitial row is placed each time midways between the

aligned rows. Each row is formed by five light emitters 231 , 331 , 431 .

The light emitters 231, 331, 431 can be individually addressed and controlled in response to instructions from the processor. The light emitters 231, 331, 431 have at
least an ON”-state, where the light emitter is switched on to emit light, and an
OFF”-state, where the light emitter is switched off and essentially does not emit
light. The ON” and OFF” states may e.g. be characterized by threshold values of

minimum intensity of light emission for the ON”-state and of maximum intensity of
light emission for the OFF” state. Intermediate states with intermediate intensities of
light emission between an ON” state and an OFF” state are conceivable and allow
for increasing the information depth of the pattern produced by the ensemble of light
emitters 231 , 331 , 431 . Thereby, a variety of patterns can be produced representing
different data and/or information relating to the robotic control unit 200, 300, 400 and
its interaction and/or interconnection with its environment. Due to the spatial align-

ment, the data and/or information can selectively and/or collectively be associated

with one or more specific ones of the l/O-ports 240a-f, 340a-f, 440a-f of the robotic
control unit 200, 300, 400. This allows for providing a particularly intuitive understanding of the state of the robotics control unit 200, 300, 400, thereby involving and
enabling the user in an interactive play and learning experience.

The data and/or information is presented according to instructions executed and
issued by the processor as prompted by suitable input to the robotics control unit
200, 300, 400. For example, the robotics control unit 200, 300, 400 may be prompted to execute programmed instructions stored in the robotics control unit 200, 300,

400 itself or to execute instructions received from a connected unit or remote con-

trol/programming device via a suitable link, such as a wired or a wireless connection. The execution may also be prompted by instructions received as a direct input

from a user via a user operable control element on the robotics control unit 200,
300, 400. By way of example, the robotics control unit 200, 300, 400 may present

information related to a state of: the robotic unit itself; a peripheral device connected to one of the l/O-ports 240a-f, 340a-f, 440a-f of the robotics control unit 200, 300,

400; a toy construction robotics system of which the robotics control unit 200, 300,

400 is a part of; a toy construction model of which the robotics control unit 200, 300,
400 is a part of; an l/O-port connection made or to be made according to a step of a
building plan; an I/O port connection for a specified/identified peripheral device; or a
verification of established connections.

The robotics control unit 200 shown in Fig. 5 is configured to activate/deactivate,
according to instructions from the processor 220, one or more of the associated light
emitters 231 a-f arranged next to the respective l/O-ports 240a-f. Such a scheme of
activating/deactivating the associated light emitters 231 a-f may be useful for indicat
ing a status of a connection established at the respective l/O-ports 240a-f, such as

successful connection, or input/output activity at that connection. The activation/deactivation scheme of the robotics control unit 200 shown in Fig. 5 may also be
used for visualizing a status related to a peripheral device connected to a given l/O-

port 240a-f, by means of the associated light emitter 231 a-f. The status related to

the peripheral device may e.g. be a working/non-working

status. The activa-

tion/deactivation scheme may further visually represent a value of input or output
data exchanged with the peripheral device, such as a value of a quantity measured
by a sensor, or a value of power output to a motor. The measured quantities may

advantageously relate to physical quantities that are useful for robotics applications,
such as motion, touch, proximity, pressure, temperature, current/voltage, light inten-

sity, colour, pattern recognition, magnetic fields, gyroscopic orientation, location,
positioning, or similar. Using the spatial correlation of the associated light emitters
with the respective l/O-ports, the activation/deactivation scheme of the embodiment
200 of Fig. 5 particularly emphasizes the association between the specific I/O port
receiving the relevant input from the peripheral device and the visualized quantity.
The intuitive link created by the activation/deactivation scheme between the visualized value, the l/O-port and the peripheral device attached thereto thus provides a

particularly instructive play and learning experience for a user of the robotics control
unit 200. A further, particularly useful application of this embodiment 200 is for en-

hancing

the

interactive

play

and

learning

experience

when

the

activa-

tion/deactivation scheme of Fig. 5 is prompted according to the steps of a building
plan for building a robotics toy construction model including the robotics control unit

200. Visualisations according to this activation/deactivation scheme may include

checking for required connections, indicating specific connections to be made in a
particular step of the building plan, identifying a specific l/O-port in response to
communicating the identity of a specific peripheral device to the robotics control unit,
and/or verifying the validity of established connections.

The visualizations may be implemented using a simple activation/deactivation
scheme switching the respective light emitters ON” and OFF” according to instructions from the processor receiving the relevant input. The visualizations may involve
controlling parameters of the light emission such as colour, intensity, and duration,
and may even include controlling the light emission in a pulsed or otherwise time-

dependent sequence. The activation/deactivation scheme of the robotics unit 200 of
Fig. 5 may further involve light emitters 231 adjacent to the associated light emitters
231 a-f of the relevant l/O-ports 240a-f. For example, the adjacent light emitters may

be included in the activation/deactivation scheme to symbolize a value by the length

of a line of light emitters 231 starting from and including the associated light emitter
231 a-f. It is further conceivable to emphasize a particular visualization by time-

dependent/sequence effects such as blinking or a chase light effect.

The robotics control unit 300 shown in Fig. 6 is configured to activate/deactivate,
according to instructions from the processor 320, at least two of the associated light
emitters 331 a-f arranged next to the respective l/O-ports 340a-f, and further activate/deactivate light emitters connecting the two associated light emitters 331 a-f.
Such a scheme of activating/deactivating the light emitters 331 may be useful for

indicating a connection established between the respective l/O-ports 340a-f appertaining to the involved associated light emitters 331 a-f.

As above, the visualizations

may be implemented

using a simple

activa-

tion/deactivation scheme switching the relevant light emitters ON” and OFF” according to instructions from the processor 320 receiving relevant input. The visuali
zations may involve controlling parameters of the light emission such as colour, in-

tensity, and duration, and may further include controlling the light emission in a
pulsed or otherwise time-dependent sequence.

The robotics control unit 400 shown in Fig. 7 also makes use of a two-dimensional
matrix 430 having separate light emitters 431 that are arranged regularly spaced in
a well-defined rectangular grid of rows and columns. The grid of light emitters 431 is
aligned with respect to the l/O-ports 440a-f as already described above. The robotics control unit 400 is configured to activate/deactivate, according to instructions

from the processor 420, the ensemble of light emitters 431 so as to form a machinereadable two-dimensional visual pattern. The two-dimensional visual pattern represents a digital code that encodes data pertaining to the robotics control unit 400,
such as data identifying the robotics control unit 400, data related to an internal sta-

tus of the robotics control unit 400, data referring to programs stored in the robotics
control unit 400, and data referring to a program activated in the processor of the
robotic control unit 400. The visual pattern is adapted for optical recognition by an
external device, such as a camera of a mobile device. This is particularly useful for
communicating with an external device in an intuitive and straightforward manner as
further detailed below with respect to Fig. 8 .

As above, the visualizations may involve controlling parameters of the light emission
such as colour, intensity, and duration, and may further include controlling the light

emission in a pulsed or otherwise time-dependent sequence. Advantageously in this
embodiment,

the

visualizations

are

implemented

using

a

simple

activa-

tion/deactivation scheme switching the relevant light emitters ON” and OFF” according to instructions from the processor 420, so as to form a machine-readable
two-dimensional digital code that can be captured by a simple optical scanning device, such as a camera of a mobile device.

The different embodiments of Fig. 5 - Fig. 7 may be implemented as different activation/deactivation

schemes within the same robotics control unit and select-

ed/triggered depending on input, or automatically according to an interactive building
plan running on an external device. The external device may be paired and may

communicate with a robotics control unit, e.g. in a robotics control system 500 as
further detailed in the following with reference to Fig. 8 .

Fig. 8 shows a robotics control system 500 comprising a robotics control unit 501

and an external device 502 adapted to interact with the robotics control unit 501 .

The robotics control unit 501 has a processor 520 and a matrix 530 connected to the
processor 520. The matrix 530 has separate light emitters 531 that individually can
be addressed and activated/deactivated in response to instructions from the proces-

sor 520 so as to present a machine-readable visual pattern on a front side of the
robotics control unit 501 . The robotics control unit 501 further comprises l/O-ports
540 for communicating with peripheral devices 90, such as motors M or sensors S .

The l/O-ports are aligned with the light emitters 531 of the matrix 530 as already
described elsewhere herein.

The control unit 501 is adapted to transmit encoded data related to the control unit
501 by presenting on the matrix 530 of separate light emitters 531 a machine read-

able visual pattern encoding such data. By way of example, this is achieved by a
control scheme according to the embodiment of the robotics control unit 400 as described above with respect to Fig. 7 .

The external device 502 is adapted to receive the encoded data related to the control unit by means of a capturing device 550 configured to capture the visual pattern

produced by the control unit 501 . The external device 502 further comprises programmed instructions for interacting with the robotics control unit 501 using the received encoded data.

The visual pattern presented on matrix 530 is adapted for optical recognition by an
external device 502. The external device comprises an optical input device 550,
such as an optical imaging sensor, a camera, a machine vision system, or an optical

scanning device; and a processor with an associated software module for processing optical input received by the optical input device 550 for optical recognition
thereof. The data in respect of the control unit may comprise instructions for interaction between the external device 502 and the robotics control unit 501 .

Such instructions for interaction may, for example, include instructions for pairing of

the robotics control unit 501 with the external device 502 for communication through

a wireless link. Such instructions for interaction may also include instructions for
establishing such a wireless link between the external device 502 and the robotics
control unit 501 , and/or instructions for execution of programmed instructions stored
on or downloaded to the external device 502.

The machine-readable link, which at the same time is visible to the user, is particularly useful for communicating with an external device in an intuitive and straightfor-

ward, yet highly flexible manner. The user is typically involved in initiating and/or
controlling the link between the two machines (i.e. between the robotics control unit
501 and the external device 502). At the same time, the working of this machine-link

is visualized to the user: the user can see the interaction between the robotics con-

trol unit 501 and the external device 502 being established and happening right in

front of her. Building, establishing, and following the communication process in this
manner is therefore very instructive - again enhancing the interactive play and
learning experience.

As already discussed above, the visual patterns for encoding the data may involve
controlling parameters of the light emission of the light emitters 531, such as colour,
intensity, and duration, and may further include controlling the light emission in a
pulsed or otherwise time-dependent sequence. Advantageously in this embodiment,

the visualizations are implemented using a simple activation/deactivation scheme
switching the relevant light emitters ON” and OFF” according to instructions from
the processor 420, so as to form a machine-readable two-dimensional digital code
that can be captured by a simple optical scanning device, such as a camera of a
mobile device. The encoded data may further be represented as a time-sequence of
different visual patterns which is detectable in a time-resolved manner by the external device using time-resolved capturing and pattern processing.

CLAIMS
1. A toy construction robotics system including a robotics control unit, wherein the
robotics control unit comprises:
-

a housing comprising coupling elements configured for releasably interconnecting the robotics control unit with cooperating toy construction elements;
a processor comprising programmed instructions;
a plurality of l/O-ports configured to communicate with the processor;
a plurality of separate light emitters, each of the light emitters being operable, in response to instructions from the processor, to selectively produce at

least two different indicator states;
wherein the light emitters are arranged in a two-dimensional matrix of orthogonal
columns and rows, each row extending between a first end and a second end,
wherein the first ends of the rows define a first edge of the matrix and the second ends of the rows define a second edge of the matrix opposite to the first

edge; wherein each of the I/O ports is positioned on a line defined by one of the

rows and at one of the first and second ends of said row.

2 . System according to claim 1 , wherein at least a first I/O port is arranged at the

first end of the row and a second I/O port is arranged at the second end of the
row.

3 . System according to claim 2 , wherein a first group of first I/O ports is arranged

along the first edge of the matrix and/or wherein a second group of second I/O
ports is arranged along the second edge of the matrix.

4 . System according to any one of the preceding claims, wherein the number of

rows is equal to the number of columns.

5 . System according to any one of the preceding claims, wherein the light emitters

are operable, in response to instructions from the processor, to produce a ma-

chine readable code encoding data in respect of the robotics control unit.

6 . System according to any one of the preceding claims, wherein multiple light

emitters are operable in combination to produce a pattern.

7 . System according to any one of the preceding claims, wherein the light emitters

are operable to produce a time sequence of indicator states.

8 . System according to any one of the preceding claims, wherein the light emitters

comprise light emitters adapted to emit visible light.

9 . System according to any one of the preceding claims, wherein the light emitters

comprise light emitters that are adapted for emission of infrared, preferably near
infrared light, and/or UV-light.

10. System according to any one of the preceding claims, wherein the light emitters

are operable to produce a machine readable code encoding data identifying the
robotics control unit, data related to an internal status of the robotics control unit,
data referring to a program stored in the robotics control unit, and/or data referring to a program activated in the processor of the robotics control unit.

11. System according to any one of the preceding claims, wherein the light emitters
are operable to produce a machine readable code encoding instructions for in-

teraction between the robotics control unit and an external device.

12. System according to claim 11, wherein the instructions for interaction include

instructions for pairing, instructions for establishing a wireless link between the
external device and the robotics control unit, and/or instructions for execution of
programmed instructions by the external device.

13. System according to any one of the preceding claims, wherein the light emitters

are operable to render a graph indicating connections between two or more I/O
ports, a graph indicating connections between one or more l/O-ports and one or

more cooperating peripheral devices, and/or a graph representing an input re-

ceived at one or more of the l/O-ports.

14. System according to any one of the preceding claims, wherein the l/O-ports are

configured as interfaces for interacting with peripheral devices, such as sensors,
motors, generators, and/or power sources.

15. System according to any one of the preceding claims, wherein the l/O-ports

comprise one or more digital interfaces.

16. System according to any one of the preceding claims, wherein the l/O-ports are

configured for wired and/or wireless communication with peripheral devices.

17. System according to any one of the preceding claims further comprising one or

more toy construction elements, each toy construction element comprising one
or more coupling members configured for releasably interconnecting the toy
construction elements with the robotics control unit.

18. System according to any one of claims 5-17, further comprising an external de-

vice, the external device comprising:
a capturing device adapted to capture the machine readable code produced
by the robotics control unit;
decoding means programmed to decode the machine readable code; and
programmed instructions using the decoded machine readable code as an
input.

19. System according to claim 18, wherein the external device is a mobile device,

such as a game controller, a mobile phone, a tablet computer, or a laptop/portable computer, said mobile device comprising programmed instructions
and a user interface, wherein said programmed instructions and user interface in

combination are adapted for programming and/or controlling the robotics control
unit.

20. System according to any one of claims 5-19, the system further comprising:

a capturing device communicating with the robotics control unit, wherein the
capturing device is adapted to capture a machine readable code;
decoding means programmed to decode the machine readable code; and

programmed instructions using the decoded machine readable code as an
input.

2 1 . A toy construction robotics kit comprising a first system according to any of the

preceding claims and a second system according to any of the preceding claims.

22. Kit according to claim 21,

wherein first light emitters of a first robotics control unit of the first system are
operable to produce a machine readable code encoding data in respect of the
first robotics control unit; and/or
wherein second light emitters of a second robotics control unit of the second
system are operable to produce a machine readable code encoding data in respect of said second robotics control unit;

23. Kit according to claim 22, wherein the first system further comprises

a first capturing device communicating with the first robotics control unit, the
first capturing device being adapted to capture the machine readable code
produced by the second light emitters;
decoding means programmed to decode the captured machine readable
code; and

programmed instructions for interacting with the first robotics control unit using the decoded machine readable code

and/or wherein the second system further comprises
a second capturing device communicating with the second robotics control
unit, the second capturing device being adapted to capture the machine

readable code produced by the first light emitters;
decoding means programmed to decode the captured machine readable
code; and

programmed instructions for interacting with the first robotics control unit using the decoded machine readable code.

24. Method of controlling a robotics control unit using an external device, wherein

the robotics control unit is a robotics control unit of a system according to any
one of claims 1-20, the method comprising the steps of:
producing a machine readable digital code encoding data in respect of the
robotics control unit, wherein the machine readable digital code is produced
as a visual pattern;

presenting the visual pattern to an optical input device of the external device;
capturing the machine readable digital code by means of the optical input
device of the external device to produce captured data representative of the
data encoded in the machine readable digital code;
based on the captured data, developing instructions for interaction between

the robotics control unit and the external device; and
executing the instructions to establish said interaction.

25. Method according to claim 24, wherein the instructions for interaction include

instructions to initiate a further link between the external device and the robotics
control unit.

26. Method according to any one of claims 24-25, further comprising the step of

providing on the external device a user interface for interaction with the robotics
control unit.

27. Method according to claim 26, wherein said user interface for interaction with the

robotics control unit comprises:
elements adapted for programming the robotics control unit;
elements adapted for programming peripheral devices attached to I/O ports
of the robotics control unit;
elements for remotely controlling the robotics control unit; and/or
elements for remotely controlling peripheral devices attached to I/O ports of
the robotics control unit.

28. Method according to any one of claims 24-27, wherein the external device is a

further robotics control unit of a system according to any one of claims 1-20.
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