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(57) Abstract: The present disclosure relates to an arrangement for providing a user interface of an apparatus, in particular a robot.
For this purpose, the arrangement comprises a plurality of interaction elements arranged on a surface of the apparatus. Each of the

o interaction elements comprises at least one detection element and at least one indication element. The detection element is adapted to
detect at least one physical parameter related to the apparatus or to a user input. The indication element is adapted to indicate in -

o formation. A control unit is coupled to the plurality of interaction elements and adapted to activate a plurality of said indication ele -
ments such as to indicate information. In this way, information comprising a graphical user interface, and/or comprising an intended
movement and/or speed of the apparatus or of a mechanical part thereof, is indicated on the surface of the apparatus.



AN ARRANGEMENT FOR PROVIDING A USER INTERFACE

FIELD OF THE INVENTION

The present invention is in the field of user interfaces between a human and a machine, in

particular in the field of collaborative robotics wherein a machine operates in an industrial

environment in the vicinity of a human, and wherein the human and the machine collaborate

by communicating via the user interface. In this respect, the present invention comprises an

arrangement for providing a user interface of an apparatus.

BACKGROUND OF THE INVENTION

The collaboration of humans and machines, in particular in the field of collaborative robotics,

can require a human to be present in the operational range of a machine so as to allow effi¬

cient collaboration. For this purpose, a user interface is provided to enable communication

between the human and the machine, for example to convey commands from the user to the

machine, and to provide the user with information related to the current status and/or opera-

tion of the machine.

However, as the human may be present in the operational range of the machine, the move

ments of the machine can induce hazardous situations for the human, in particular when a

rigid machine or machine part undesirably collides with the human body. In fact, such situa-

tions can result in severe injuries, which may even be fatal for the human.

In order to avoid such hazards for the human, the human should be aware of the current op¬

erational state and the future intentions of the machine. By informing the human about a po¬

tential or planned dynamic movement of respective machine parts, the human can use this

information to avoid potential collisions, for example by stepping aside or by standing still,

depending on the situation.

However, the human may lack the technical skill to reliably interpret technical information

and to predict the future behavior of the machine, and may thus require clear indications to

understand the intentions of the machine, for example an information clearly indicating which



part/s of the machine is/are subject to movement, and the intended speed, orientation and po¬

sition profiles of such movement of parts.

In other words, an efficient collaboration of humans and machines generally requires a user

interface to allow communication between the human and the machine. Such an interface

may, for example, be used by the user to convey commands or requests to the machine, and to

provide the user with information related to the current status and/or operation of the ma¬

chine. Moreover, the collaboration of humans and machines can require the human to be pre¬

sent in the operational range of the machine, wherein the movements of the machine can in-

duce hazardous situations for the human. Thus, in order to improve safety and efficiency of

such collaboration, it is important to provide a suitable user interface.

The safety of collaboration between a human and a machine is conventionally improved by

isolating the machine from the human, for example by caging or fencing the machine to de-

fine its operational area which may not to be entered by the human. However, area restricting

safety measures limit the scope of possible interactions between the human and the machine,

and are thus undesirable.

Alternatively, conventional machines can provide acoustic and/or light emitting warning sig-

nals, for example by using a siren and/or beacon lights for warning the user of the current or

intended operational activities and/or movements of the machine. However, although such

signaling may alert the user about imminent or pending operation activities, acoustic signaling

is generally not effective in noisy industrial environments, and the effectiveness of beacon

lights depends on the relative position and orientation of the user and the machine, in particu-

lar when the user is positioned close to the machine. Moreover, such conventional warning

signals are generally not suited for indicating positional and directional information describ

ing the respective machine movement, for example for indicating the direction or speed of an

intended machine part movement. Thus, such conventional warning signals provide limited

information for the user, which may be insufficient to ensure safety, in particular if the user is

present in the operational range of the machine.

Alternatively, displays, keyboards, buttons and touch panels are conventionally arranged on

the surface of the machine so as to provide the user with an interface to receive information

from the machine, or to convey commands or programming instructions to the machine. Such



an arrangement generally represents a separate interface unit positioned at a specific location

on the outer surface of the machine. Thus, in order to interact with the machine, the user is

required to position himself accordingly, preferably by facing the respective surface of the

machine holding the interface unit, generally close to the interface unit. This may require the

user to distance himself from an object being processed in the collaborative user-machine

environment. In other words, the user may be required to change his field of vision so as to

operate the interface unit, which may result in loss of sight of the object being processed and

may thus impede the direct physical collaboration of the human and the machine.

SUMMARY OF THE INVENTION

Accordingly, a problem underlying the invention is to provide a user interface of an apparatus

to improve the interaction between a user and a machine, wherein the content of information

and interaction options provided by the interface can be provided with improved comfort,

usability and safety to the user, in particular in the field of collaborative robotics where the

human is present in the operational range of the robot. In this respect, the apparatus may cor

respond to the machine, or to a part of the machine, wherein the machine can for example

correspond to a robot or a robot arm.

This problem is solved by an arrangement for providing a user interface of an apparatus, in

particular a robot, according to claim 1. Preferable embodiments are defined in the dependent

claims.

More specifically, the arrangement for providing a user interface of an apparatus according to

the present invention comprises a plurality of interaction elements arranged on a surface of

the apparatus. Each of the interaction elements comprises at least one detection element for

detecting at least one physical parameter related to the apparatus or to a user input. In other

words, each of the detection elements can detect a physical parameter related to the apparatus

or to a user input. For example, each of the detection elements may comprise a capacitive

sensor, a force sensor, a pressure sensor, a position sensor, a humidity sensor, a temperature

sensor, a reflectivity sensor, an acceleration sensor, a rotation sensor, and/or multi-modal sen

sors, to name a few examples. Thus, the detection elements may be adapted to detect a user

input provided by a user touching or otherwise influencing the surface of the apparatus, in

particular wherein the apparatus is a robot configured to be operated by the user in a collabo-



rative robotic environment, and preferably wherein the user is present in the operational range

of the robot. In this way, the user can interact directly with the surface of the robot within the

operational range of the robot, which enhances the possibilities of user-machine contact,

communication and collaboration.

According to the present invention, each of the interaction elements further comprises at least

one indication element for indicating information. In this regard, the indication elements cor¬

respond to any technical solution for indicating information to a user or a machine. In particu¬

lar, each of the indication elements may comprise a display element, such as for example a

light-emitting element or a liquid crystal display element. In addition or alternatively, each of

the indication elements may comprise an actuator element for providing a tactile feedback to a

user touching the respective interaction element. In this way, the user can receive tactile feed

back information from the actuator element without being required to direct his field of vision

to a surface of the apparatus. In any case, the plurality of indication elements may be adja-

cently arranged on the surface of the apparatus such as to form an array or a mesh structure,

wherein the array or the mesh structure at least partly covers the surface of the apparatus,

preferably by more than 30%, and more preferably by more than 50%. Increasing the propor¬

tional surface of the array or the mesh structure improves the chances of being able to convey

information to a user or a machine located in the vicinity of the apparatus.

The arrangement according to the present invention further comprises a control unit coupled

to the plurality of interaction elements and adapted to activate a plurality of said indication

elements, such as to indicate information to a user or a machine. The indicated information

comprises a graphical user interface, and/or comprises an intended movement and/or speed of

the apparatus or of a mechanical part thereof. Preferably, the control unit is adapted to activate

said plurality of indication elements such as to conjunctly indicate said information, wherein

the indicated information preferably represents an image and/or a two dimensional pattern on

the apparatus surface. In this respect, as discussed in detail below, the image or the two d i

mensional pattern may, for example, represent a frame of an animation and/or a movie clip.

In an embodiment of the arrangement according to the present invention, the respective image

and/or the two dimensional pattern indicates the past, the current and/or the intended direction

of movement and/or speed of the apparatus or of a mechanical part thereof, wherein said im¬

age and/or two dimensional pattern preferably comprises a graphical user interface, preferably



a graphical user interface menu or a graphical user interface form comprising selectable

and/or adjustable control elements.. In this way, a user or a machine can be informed about

the past, the current and/or the intended state or movement of the apparatus or of a mechanical

part thereof, which may be particularly suitable for providing an alert to the user such as to

prevent or to avoid human-machine collisions. For this puipose, the control unit may be

adapted to determine the past, the current and/or the intended direction of movement and/or

speed of said apparatus or of a mechanical part thereof based on the detected physical parame

ters of the apparatus or based on measurements provided by further sensors, such as for ex¬

ample by camera vision equipment positioned in the vicinity of the apparatus.

For example, the control unit may be adapted to determine the past, the current and/or the

intended direction of movement and/or speed of said apparatus or of a mechanical part thereof

by determining the current position and orientation of at least one mechanical part of the ap

paratus based on detected physical parameters of the apparatus. This may be particularly use-

ful when the control unit is adapted to select said plurality of indication elements based at

least in part on the position and orientation of at least one mechanical part of the apparatus.

As explained in detail below, such a feature allows to determine which of the indication ele

ments should be selected to correspond to a respective pixel of, for example, patterns or im¬

ages. Thus, the indication elements may, for example, be selected such as to position and ro-

tate an image on a robot's surface, wherein the positioning and rotation preferably compen

sate a movement or rotation of the robot or of a part thereof. In this respect, the control unit

may be adapted to dynamically select said plurality of indication elements based on the cur¬

rent position and orientation of at least one mechanical part of the apparatus continuously

determined during a movement of the at least one mechanical part of the apparatus, such as to

continuously compensate the movement, during the movement of the at least one mechanical

part of the apparatus.

Moreover, the control unit may be adapted to select the information indicated by the indica

tion elements depending on the context of user interaction with the apparatus. In particular,

the information may be selected depending on the current state of collaboration or apparatus

operation and/or depending on a user input detected by the detection elements. In this way,

useful or necessary information can be provided to the user, whereas the indication of redun

dant information, neither corresponding to the current state of collaboration or apparatus op-



eration, nor to the intentions indicated by a user input, can be avoided to prevent confusion

and/or to enhance the safety and usability of the user interface.

For example, the control unit may be adapted to determine whether a user input detected by

the detection elements indicates that a movement of the apparatus should be halted, that a

movement of the apparatus should be guided by the user input, or that the behavior of the ap¬

paratus should be programmed by the user input, in particular wherein the determination in

cludes detecting user inputs at different detection elements over a period of time. In this way,

the user may apply a sequence of inputs or gestures such as to indicate a specific command or

request, for example, the user can stroke along the interface surface to indicate the desired

speed and/or direction of a machine part movement.

SHORT DESCRIPTION OF THE FIGURES

Fig. 1 shows a robotic arm comprising an arrangement including a plurality of interaction

elements for providing a user interface,

Fig. 2 provides a schematic diagram of one of the interaction elements shown in Fig. 1,

Fig. 3 provides a schematic diagram of a central control unit and a distributed control unit,

Fig. 4 shows the indication of information related to physical parameters,

Fig. 5. shows a two dimensional image being indicated by using a plurality of indication

elements, and

Fig. 6 shows a sequence of frames of an animated indication of information on the robot

arm.

DESCRIPTION OF PREFERRED EMBODIMENTS

For the purposes of promoting an understanding of the principles of the invention, reference

will now be made to the preferred embodiments illustrated in the drawings and specific lan¬

guage will be used to describe the same. It will nevertheless be understood that no limitation



of the scope of the invention is thereby intended, such alterations and further modifications in

the illustrated devices and method and such further applications of the principles of the inven

tion as illustrated therein being contemplated therein as would normally occur now or in the

future to one skilled in the art to which the invention relates.

Fig. 1 shows an example of an arrangement 100 according to the present invention. In this

example, the apparatus 200 corresponds to a robotic arm, but as mentioned above, other ex¬

amples can include other types of machines or machine parts, such as for example parts of

production machines used in industrial environments.

As shown in Fig. 1, the arrangement 100 includes a plurality of interaction elements 110

which are arranged on the surface of the robot arm 200. In this example, the interaction ele

ments 110 are formed as hexagonal cells such as to allow a dense arrangement of the interac

tion elements 1 0 at least partly covering a surface of the robot arm 200, or even completely

covering a surface of the robot arm 200 for enhanced granularity. In other words, the plurality

of interaction elements 110 may be adjacently arranged such as to form an array or a mesh

structure, wherein the array or the mesh structure at least partly covers the surface of the robot

arm 200, preferably more than 30%, most preferably more than 50% of the surface of the ro

bot arm 200 and/or a tool.

Fig. 2 shows one of the respective interaction elements 110 comprising a detection element

120 for detecting at least one physical parameter related to the apparatus or to a user input. In

this example, the detection element 120 is shown to cover only a small area of the interaction

element 110. Alternatively, the detection element 120 may cover larger areas of the interac

tion element 110, or may cover the complete area of the interaction element 110 for enhanced

detection capabilities. Alternatively, more than one detection element 120 may be comprised

by each interaction element 110 and/or different detection elements 120 may be comprised by

different interaction elements 110. The detection element 120 may comprise a sensor for de

tecting a physical contact, such as for example a user touch, a distance to an object facing the

detection element 120, a vibration or a mechanical stress, position, acceleration or speed, to

name a few examples. Alternatively, more than one sensor may be comprised by each detec

tion element 120 and/or different sensors may be comprised by different detection elements

120. For example, the detection element 120 may be adapted to detect a user input provided

by a user touching or otherwise influencing the surface of the apparatus, for example by force,

pressure or electrical charge detection, in particular wherein the apparatus is a robot operated

by the user in a collaborative robotic environment, and further preferred wherein the user is



present in the operational range of the robot. In this respect, the detection element 120 may

comprise a capacitive sensor, a force sensor, a pressure sensor, a position sensor, a humidity

sensor, a temperature sensor, a reflectivity sensor, an acceleration sensor, a rotation sensor,

and/or multi-modal sensors for providing detected physical parameters of the apparatus or of

a user input to the control unit. For example, the document EP12172602A relates to a corre¬

sponding capacitive force sensor or touch sensor which can be employed in robotics for

providing human-machine interfaces.

Fig. 2 further shows that the interaction element 110 further comprises an indication element

130 for indicating information, such as for example a display element, in particular a light-

emitting element (LED, OLED) or a liquid crystal display (LCD) element, and/or an actuator

element for providing a tactile feedback to a user touching the respective interaction element,

in particular a force-feedback element. The indication element 30 shown in Fig. 2 covers

only a small area of the interaction element 1 0, but may in other examples cover larger areas

of the interaction element 110, or may even cover the complete area of the interaction element

110 such as to enhance the indication effect achievable by the indication element 130. Alter

natively, more than one indication element 130 may be comprised by each interaction element

110 and/or different indication elements 130 may be comprised by different interaction ele

ments 110.

The arrangement according to the present invention further comprises a control unit 1 5 (not

shown in Figs. 1 and 2) coupled to the plurality of interaction elements 110. The control unit

115 may represent a central control unit 115 that is coupled to each of the interaction elements

110, for example by a wired or a wireless connection as illustrated in Fig. 3a, or a distributed

control unit 115, for example a control unit which is comprised in an interconnected manner

by a plurality of the interaction elements 110 as illustrated in Fig. 3b. In either case, the con¬

trol unit 5 is coupled to and adapted to activate the indication elements 130 of a plurality of

the interaction elements 110. Thus, in accordance with the present invention, the control unit

15 is adapted to activate a plurality of indication elements 130 to indicate information select-

ed by the control unit 115. In particular, the control unit 115 activates a plurality of indication

elements 130 such as to indicate information comprising a graphical user interface, and/or

comprising an intended movement and/or speed of the apparatus or of a mechanical part

thereof. Thus, the indicated information may for example be related to the physical parame¬

ters detected by the detection elements 120 such as to indicate an intended movement of the



robot or of a mechanical part thereof. In other examples, the indicated information may com

prise a graphical user interface allowing the user and the machine to communicate during

collaborative operations. These aspects of information content are described in more detail

below.

In an example, the control 115 unit may select the information indicated by the indication

elements 130 depending on the context of a user interaction with the apparatus, in particular

depending on the current state of apparatus operation and/or depending on a user input detect¬

ed by the detection elements 0. For example, the control unit 115 may be adapted to deter

mine whether a user input detected by the detection elements 120 indicates that a movement

of the apparatus should be halted, that a movement of the apparatus should be guided by the

user input, or that the behavior of the apparatus should be programmed by the user input.

Then, depending on the result, the control unit 115 may activate the plurality of indication

elements 130 such as to indicate that the apparatus is being halted, that the apparatus is ready

to be guided by a user input, for example by having the user manipulate the apparatus by ap-

plying a physical force to illuminated zones indicated by the plurality of indication elements

130, or to indicate that the user interface can be used for programming the apparatus, respec¬

tively. In a further example, the control unit 115 may determine the meaning of a user input

by detecting user inputs at different detection elements 120 over a period of time. In this way,

the user can apply a sequence of inputs or gestures such as to indicate a specific command or

request, for example, the user can stroke along the interface surface to indicate the desired

speed and/or direction of a machine part movement. Moreover, in further examples, the con

trol unit 15 may use physical parameters detected by the detection elements 120 such as to

determine if a detected signal corresponds to a user input. For example, if a humidity sensor

and/or a temperature sensor detects a humidity or temperature indicating the presence of a

human body, the control unit 115 can assume that a detected force or pressure signal corre

sponds to a user input.

The indicated information may include a graphical user interface (GUI) providing menus or

forms including selectable and/or adjustable control elements, such as for example selectable

buttons, slider bars, objects, tabs etc. Moreover, additional indicated information may include

advertisement or messages not related to physical parameters of the respective apparatus, for

example a welcome message, or an indication of directions to help identifying safety zones

for a user.



Fig. 4 illustrates how an indication element 130 of an interaction element 110 is activat¬

ed/illuminated by the control unit 115 if the user applies a pressure to the respective interac¬

tion element 110. In this example, the information provided by the activated/illuminated indi¬

cation element 130 is directly linked to a physical parameter of the robot arm 200, and thus

does not ca y any additional information. In the embodiment of Fig. 4, different illumination

states of the indication elements 130 are schematically indicated. For example, the dashed

halos encircling the indication elements 130 may represent green light, which in this embodi¬

ment may be indicative of no external pressure applied, the solid halos may represent red light

which is indicative of intermediate pressure, and the solid, thick circle surrounding the indica-

tion element 130 may represent blue light indicative of high contact pressure. By contrast,

according to the present invention, a plurality of interaction elements 110 are activated by the

control unit 115 such as to indicate information including a graphical user interface, or includ¬

ing an intended movement and/or speed of the robot or of a mechanical part thereof.

Thus, according to the present invention, the control unit 115 is adapted to activate a plurality

of indication elements 130 to indicate information. For example, the control unit 115 may be

adapted to activate a plurality of indication elements 130 to conjunctly indicate the respective

information. This corresponds to Fig. 5 showing an example of an arrangement 100 according

to the present invention. Here, the control unit 115 is adapted to activate a plurality of indica

tion elements 130 such as to indicate a two dimensional pattern or image on the surface of the

user interface. Again, activation of any given indication element 130 is represented by a solid,

thick circle surrounding the same. Herein, the activation can again amount to an illumination,

typically with different colors, which are not individually represented in figure 5. In this ex¬

ample, each of the plurality of indication elements 130 corresponds to a single pixel of a two

dimensional pattern or image. In this way, the control unit 115 can conjunctly use a plurality

of pixel elements to provide a two dimensional pattern or image on the surface of the user

interface, if the constellation of indication elements 130 allows such a pattern or image to be

formed. For example, the indication elements 130 of a part of a robot arm may be selected by

the control unit 115 so as to indicate that this part of the robot arm 200 can be touched,

pushed or pulled to control or guide the robot arm, for example to instruct or to assist the ro-

bot in a learning phase. Alternatively, the indication elements 130 may be selected and acti¬

vated by the control unit such as to indicate which part of the robot arm may be subject to

excessive force or pressure, and/or to indicate GUI control fields allowing user interaction.

For this purpose, the color and/or intensity of, for example, illuminated indication elements

130 can be adjusted or changed to convey or emphasize information to a user, for example in



the case of debility of sight or color blindness of the user.

In order to form such patterns or images on the surface of the user interface, it may be neces

sary to determine the position of each of the indication elements 130 such as to determine

which of the indication elements 130 should be selected to correspond to a respective pixel of

patterns or images. For example, the indication elements 130 can be selected such as to posi

tion and rotate a two dimensional image on a robot's surface, wherein the positioning and

rotation preferably compensate a movement or rotation of the robot or of a part thereof. For

this purpose, the control unit 115 can be adapted to determine the current position and orienta¬

tion of at least one mechanical part of the robot based on detected physical parameters, and to

use this information for the allocation of indication elements 130 to respective pixels of p at

terns or images. Alternatively, a self-organizing mapping of physical parameters of the appa¬

ratus can be used to determine positions of the indication elements 130, for example based on

a kinematic model as described in "Self-Organizing Sensory-Motor Map for Low-Level

Touch Reactions", Philipp Mittendorfer et.al., 11th IEEE-RAS International Conference on

Humanoid Robots, 201 1, pp. 59-66.

For example, the respective image or two dimensional pattern may indicate a past, a current

or an intended direction of movement or speed of an apparatus, or of a mechanical part there

of. For this purpose, the control unit 115 can be adapted to determine a past, a current or an

intended direction of movement and/or speed of said apparatus, or of said mechanical part

thereof, based on detected physical parameters, in particular, based on the physical parameters

determined by the detection elements 120. In this way, a user may be alerted about an intend¬

ed movement of the apparatus, in particular if the movement represents a danger for the user

collaborating with the apparatus.

Depending on the size of the indication elements 130 and the density of the arrangement of

the indication elements 130, the indication elements 130 may be selected and activated by the

control unit such as to display graphical images or photos on the surface of the user interface.

For example, each of the two dimensional images or patterns may represent a frame of an

animation or a movie clip. In other words, a sequence of images or patterns can be indicated

on the surface of the user interface such as to provide an animation or a movie clip. Fig. 6

illustrates three sequential frames (a), (b) and (c) of such an animation, wherein a pattern or

an image indicated by the indication elements 130 is sequentially shifted upwardly, for exam¬

ple to indicate a direction of rotation or movement, or to draw the user's attention to an upper



part of the apparatus. In this respect, for example the timing, direction, speed, intensity, sym

bol and/or color of the pattern or the image can be selected or adjusted by the control unit 115

according to the underlying information being conveyed to the user. For example, the speed

and the directional movement of a symbol comprised by the animation may reflect the speed

and direction of an intended movement of a part of the apparatus holding the respective indi

cation elements 130.

Alternatively, the images, the two dimensional patterns, or the respective animation may be

indicated on the surface of the apparatus such as to enable a communication channel to other

apparatuses. In this way, other apparatuses can, for example, visually determine the identity

of the apparatus by detecting a corresponding symbol or mark formed as an corresponding

image or two dimensional pattern projected on the two and/or three dimensional surface of the

apparatus. This may be particularly useful if a plurality of apparatuses using different com

munication techniques or protocols collaborate in industrial processing, for example machines

originating from different vendors, and are required to communicate their identity to sur¬

rounding apparatuses, and/or for example their position, operational intentions or movements

for improved machine collaboration.

For example, the control unit 115 may be adapted to select a plurality of indication elements

130 based on the current position and orientation of at least one mechanical part of the appa

ratus 200, or based on the current position and orientation of at least one of the interaction

elements 110, see also above discussion on the "Self-Organizing Sensory-Motor Map for

Low-Level Touch Reactions". For example, the control unit 115 may select a group of indica

tion elements 130 which is facing the user, such as to enhance the comfort of viewing the in-

formation provided by the selected indication elements 130, and to improve the user's safety

when interacting with the interaction elements 110 corresponding to the selected indication

elements 130. For this purpose, the control unit 115 is required to be aware of position of the

user, at least relatively to the apparatus or robot 200. In an example, additional sensors may

be used to locate the user in the vicinity of the apparatus 200, for example camera based sen-

sors. In another example, a zone surrounding or close to an object being processed in the col¬

laboration between the user and the machine is used by the control unit 115 to define the loca

tion where the presence of the user should be expected. In either case, the user desiring to

interact with the user interface is not required to position himself relative to the interface, be¬

cause the control unit 115 has already selected a group of indication elements 130 for indicat-



ing the user interface facing the user, or at least appearing on a surface of the apparatus close

to the user. It follows that the user is not required to distance himself from an object being

processed.

In other words, by having the control unit 115 activate a plurality of indication elements 130,

wherein the plurality of indication elements 130 has been selected by the control unit 115

based on the position and orientation of at least one mechanical part of the apparatus 200, or

based on the position and orientation of the interactive elements 110, the user interface can be

suitably arranged on the surface of the apparatus, preferably in line of sight of the user, and

further preferred within the field of vision of the user. It follows that the comfort of the user-

machine interaction, and the safety of the direct physical collaboration of a human and a ma¬

chine, can be significantly improved. This holds in particular when the control unit 115 is

adapted to select said plurality of indication elements continuously during a movement of a

mechanical part of the apparatus in a dynamic manner. In this way, the user interface can be

dynamically adjusted on the surface of the apparatus, preferably to continuously move and/or

rotate the interface on and along the surface of the apparatus, to continuously face or at least

remain close to the user, for example to be in line of sight of the user, or to follow the field of

vision of the user, as the apparatus or a part therof is moving.

The embodiments described above and the accompanying figures merely serve to illustrate

the method and devices according to the present invention, and should not be taken to indicate

any limitation thereof. The scope of the patent is solely determined by the following claims.



LIST OF REFERENCE SIGNS

100, an arrangement for providing a user interface of an apparatus

110, interaction elements

115 control unit

120, detection elements

130, indication elements

200, machine, machine part, apparatus, robot, or robot arm.



Claims

1. An arrangement (100) for providing a user interface of an apparatus (200), in particu

lar a robot (200), comprising:

a plurality of interaction elements ( 110) arranged on a surface of the apparatus (200),

wherein each of the interaction elements ( 110) comprises at least one detection ele¬

ment (120) for detecting at least one physical parameter related to the apparatus (200)

or to a user input, and at least one indication element (130) for indicating information;

the arrangement (100) further comprising

a control unit ( 115) coupled to the plurality of interaction elements ( 110) and adapted

to activate a plurality of said indication elements (130), such as to indicate information

comprising a graphical user interface, and/or comprising an intended movement

and/or speed of the apparatus (200) or of a mechanical part thereof.

2 . The arrangement (100) according to claim 1, wherein each of the detection elements

(120) comprises a capacitive sensor, a force sensor, a pressure sensor, a position sen¬

sor, a humidity sensor, a temperature sensor, a reflectivity sensor, an acceleration sen

sor, a rotation sensor, and/or multi-modal sensors.

3 . The arrangement (100) according to claim 1 or 2, wherein each of the indication ele¬

ments (130) comprises a display element, in particular a light-emitting element or a

liquid crystal display element, and/or an actuator element for providing a tactile feed¬

back to a user touching the respective interaction element ( 10).

4 . The arrangement (100) according to any of the preceding claims, wherein said plurali¬

ty of indication elements (130) are adjacently arranged such as to form an array or a

mesh structure, wherein the array or the mesh structure at least partly covers the sur

face of the apparatus (200), preferably by more than 30%, and more preferably by

more than 50%.



5 . The arrangement (100) according to any of the preceding claims, wherein the control

unit ( 15) is adapted to activate said plurality of indication elements (130) such as to

conjunctly indicate said information.

6 . The arrangement (100) according to claim 5, wherein the indicated information repre

sents an image and/or a two dimensional pattern.

7 . The arrangement (100) according to claim 6, wherein the image and/or the two dim en

sional pattern represents a frame of an animation and/or a movie clip.

8. The arrangement (100) according to claim 6 or 7, wherein the image or the two di

mensional pattern indicates the past, the current and/or the intended direction of

movement and/or speed of the apparatus (200) or of a mechanical part thereof.

9 . The arrangement (100) according to any of claims 6 to 8, wherein the image and/or the

two dimensional pattern comprises a graphical user interface, preferably a graphical

user interface menu or a graphical user interface form comprising selectable and/or ad¬

justable control elements.

10. The aiTangement (100) according to any of the preceding claims, wherein the control

unit ( 115) is adapted to determine the past, the current and/or the intended direction of

movement and/or speed of said apparatus (200) or of a mechanical part thereof based

on the detected physical parameters of the apparatus, or to determine the current posi¬

tion and orientation of at least one mechanical part of the apparatus (200) based on the

detected physical parameters of the apparatus.

11. The arrangement (100) according to claim 10, wherein the control unit (115) is

adapted to select said plurality of indication elements (130) based at least in part on

the position and orientation of at least one mechanical part of the apparatus (200).

12. The arrangement (100) according to claim , wherein the control unit ( 115) is

adapted to dynamically select said plurality of indication elements (130) based on the

current position and orientation of at least one mechanical part of the apparatus (200)

continuously determined during a movement of the at least one mechanical part of the

apparatus (200).



13. The arrangement (100) according to any of the preceding claims, wherein the control

unit ( 115) is adapted to select the information indicated by the indication elements

(130) depending on the context of a user interaction with the apparatus (200), in par¬

ticular depending on the current state of apparatus operation and/or depending on a

user input detected by the detection elements (120).

14. The arrangement (100) according to claim 13, wherein the control unit ( 115) is

adapted to determine whether a user input detected by the detection elements (120) in¬

dicates that a movement of the apparatus (200) should be halted, that a movement of

the apparatus (200) should be guided by the user input, or that the behavior of the ap¬

paratus (200) should be programmed by the user input, in particular wherein the de¬

termination includes detecting user inputs at different detection elements (120) over a

period of time.

15. The arrangement (100) according to any of the preceding claims, wherein at least one

of the detection elements (120) is adapted to detect a user input provided by a user

touching or otherwise influencing the surface of the apparatus (200), in particular

wherein the apparatus (200) is a robot configured to be operated by the user in a col¬

laborative robotic environment wherein the user is present in the operational range of

the robot (200).
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