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The invention relates to a device in the form of a manual operating device for operating an

industrial robot.

A device for controlling an industrial robot in the form of a manual operating device is
described in DE 10 2010 039 540 A1. The manual operating device can be coupled to a robot

control in order to program or control the industrial robot.

The manual operating device comprises an electronic system with a microprocessor in order
to be able to communicate with the robot control. Furthermore, the manual operating device
comprises a display designed as a touchscreen, an emergency stop key and a switch
constructed as a lock. In order to manually move, e.g., a robotic arm the manual operating
device comprises input means or moving means that can be manually activated independently
of each other and are constructed, e.g., as a 6D mouse or as touch control keys. There is the
possibility of associating each of the moving means with its own reference coordinate system

by the touchscreen.

However, in the known design the control of the industrial robot takes place exclusively via
the manually actuatable input means so that the manual operating device is expensive to

produce and temperamental in operation.

Another device for operating an industrial robot is described in DE 10 2010 025 781 Al. The
manual device in the form of a mobile telephone comprises a touchscreen that on the one
hand serves as output means for outputting information from the robot control, in particular
for representing an operating surface and at the same time serves as command input means

for inputting control commands via keys.

The manual device is detachably fastened to a portable safety device by a clamping device

such as is known in principle, for example, for holding mobile telephones in motor vehicles



10

15

20

25

DK/EP 2830836 T3

and is connected to it by a USB interface. The safety input device comprises an emergency
stop button, an enabling switch and a selector switch for the operating type. A disadvantage
of this embodiment is that an operator is always forced in order to safely operate the virtual
keys to look at the touchscreen in order to avoid false inputs. The same applies in the case of
poor environmental conditions such as, for example, a strong incidence of light or darkness

that would made an operating of the touchscreen more difficult.

US-A-2004/0090428 concerns a monitor with a touchscreen whose frame has haptic marks in
order to facilitate the guiding of a finger on the touchscreen. The touchscreen itself has, in
distinction to standard touchscreens, raised areas that perform the function of virtual

operating elements.

A touchscreen according to US-A-2010/012795 has vertically and/or horizontally running

structures on the display in order to facilitate the guiding of a finger.

US-A-5 937 143 refers to a device for operating an industrial robot. For this purpose, use is
made of a manual operating device with a touch display comprising virtual operating

elements arranged along the display frame and adjacent to it.

The present invention is based on the task, among other things, of further developing a device
for operating an industrial robot so that the safety is increased during the operating of an
industrial robot. The transparency of the touch-sensitive display should, in addition, not be

influenced by overlays.

The task is solved by a device according to claim 1.
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It is provided that the haptic marks are arranged in a display frame surrounding the touch-
sensitive display at least in areas, and that the virtual operating elements are placed on the
touch-sensitive display adjacent to the display frame. Frame sections such as inside edges can

also serve as haptic marks.

Based on the teaching of the invention, the frame with the haptic marks and the touch-
sensitive display form a functional unit since the finger guidance and the initiation of
functions merge into one another without losing the finger contact to the frame and the
display. An erroneous operation is minimized since the sensing of the position and the
initiation of the virtual operating element merge without interruption into one another. This
makes possible a blind operation. At the same time, it is not required that the construction of
the touch-sensitive display is changed but rather a standard touch display can be used as a
touch-sensitive display, whereby in particular a capacitive touch display should be used.
However, there would also be the possibility of using a resistive touch display. The concept

touch display is used in the following.

In another preferred embodiment the haptic marks are arranged symmetrically to a
longitudinal and/or transverse axis of the touch display on opposite edges of the display

frame.

According to the invention the most important virtual operating elements are placed in the
touch display in such a manner that they can be operated blindly, during which the reduced
and in particular the distinctive display frame serves for the tactile orientation of the touch

display.

On the whole, preferably four different haptic mark types can be distinguished that are

preferably arranged symmetrically on the left and/or the right display frame.
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The haptic marks of the display frame can be formed as recesses such as a finger trough, as
an elevation such as projecting nubs and/or as a frame edge or frame corner. In particular,
the haptic marks are formed in such a manner that they can be reliably felt with the fingers.
As aresult, on the one hand the basically lacking haptic of a touch display is compensated
and on the other hand the operator can direct his visual attention onto the robot and the

process without having to look at the operating device, which increases the operating safety.

When the haptic mark is designed as a frame edge the finger or the pen make a shifting
movement via which a virtual operating element placed on the edge of the display frame and

constructed as a shifting element can be moved.

As a result of the construction of the haptic marks as a recess such as a finger trough a high-
resolution, haptic orientation on the display frame can be achieved, e.g., for the sensing of
positions of virtual operating elements when they are arranged directly adjacent to one of the
finger troughs. A virtual operating element can be unambiguously associated with each recess

such as a finger trough.

In the embodiment of the haptic mark as a frame corner of the display frame an exact position
on the touch display can be defined. Therefore, each of the four corners of the display frame
can form a haptic mark. Important virtual operating elements that are to be operated blind can

be placed on the selected positions.

In the embodiment of the haptic marks as nubs projecting from the display frame, they can
serve as a rough orientation on the display frame. They can be placed on the upper and the
lower end of the display frame and thus mark the upper and the lower display limitation.
Another nub can be placed in the middle between the upper and the lower limitation with
which the middle of the touch display is marked. Therefore, the upper and the lower display

half can be sensed.
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According to a characteristic inventive embodiment a proven override function that was
earlier performed as a jog wheel is performed by a virtual slide element on the touch display
whereby the virtual slide element is placed on the touch display along an edge section of the
display frame. As a result, its position can be sensed and adjusted by shifting the finger or the
pen along the edge section. The blind shifting can be additionally supported by the haptic
marks of the edge section. The override can be adjusted in a shifting between two haptic
marks by a set amount, e.g., 20%. This function can also be used in order to adjust other

analogous magnitudes such as, €.g., process parameters in a blind operation.

As a result of the consequent, keyless design of the graphic operator interface and the
symmetrical construction of the housing with the haptic marks arranged symmetrically to the
longitudinal central axis, that is, the middle line of the display, an operator can switch the
operating surface by a simple setup function from right-hand operation to left-hand operation.
All positions of the virtual operating elements are mirrored on the longitudinal central axis of
the touch display. This variability is not available in conventional devices with mechanically
constructed keys. The longitudinal central axis runs in a rectangular display parallel to and

centrally between the longitudinal frame shanks.

Another characteristic inventive embodiment of the device is distinguished in that a housing
that receives the touch display is symmetrically constructed. It comprises the display frame
with the haptic marks on the front side to the left and the right of the touch display with the
aid of which selected positions of the touch display can be sensed. This makes a blind

operation of the touch display possible.

The housing in accordance with the invention is distinguished in that two holding strips
arranged symmetrically to the longitudinal central axis are formed on a back side with which

the device can be securely held with one or with both hands. An enabling switch is integrated
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in each holding strip, one of which must be selectively activated in order to free the
movement of the industrial robot. This symmetrical arrangement prevents the hands from
becoming tired since the enabling switches can be activated alternately with the left or the
right hand. If one hand becomes tired, the other hand can assume the enabling without the
releasing of the movement for moving the robot being interrupted. The holding strips
preferably run adjacent to the outer edge of each longitudinal frame shank and merge into it

and have a geometry with the shape of a cylindrical section toward the outside.

The device of the invention is distinguished over the prior art in particular in that the number
of hardware components was reduced to an absolute minimum. All operating functions are
consequently realized in touch software with the exception of the safety-relevant switches
like “emergency stop” and enable”. No other electrical components like membrane keys,

switches or signal lights are necessary. Therefore, the system is low-maintenance. A
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commercially available standard touch display is used, wherein in particular a capacitive

touch display is used.

The space savings achieved favors a large, comfortable touch display. The virtual operating
elements and displays shown on the touch display are designed for industrial use and are
shown in a contrast-rich and large manner so that a reliable operation is possible.

Other details, advantages and features of the invention result not only from the claims, the
features to be gathered from them - alone and/or in combination-, but also from the following
description of exemplary embodiments to be gathered from the drawings.

In the drawings:

Fig. 1  shows a programmable manual device for operating an industrial robot,

Fig.2 shows a section of a display frame of the programmable manual device which frame

is adjacent to the touch display,
Fig.3  shows a second section of a display frame adjacent to the touch display,
Fig.4  shows a third section of a display frame adjacent to the touch display, and
Fig.5 shows arear view of the programmable manual device.
Fig. 1 shows a device 10 in the form of a programmable manual device for operating an
industrial robot 12. To this end the manual device 10 is connected by a wireless or wired

communication connection 14 to a robot control 16. The manual device 10 comprises a

graphical operator interface 18 for the
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touch-sensitive display 20, called touch display in the following. This concerns in particular a
commercially available standard touch display of the capacitive type. However, the invention
is not departed from if a resistive touch display is used. A level, that is, smooth sensor surface
is utilized by the using of a standard touch display. Overlays on the sensor surface in order to

form, e.g., a structure such as an elevation, are not present.

The touch display 20 serves to display at least one virtual operating element 22.1... 22.n,
24.1... 24.n that represents a function for controlling, programming or operating the
industrial robot 12, wherein when the virtual operating element 22.1... 22.n, 24.1... 24.n is

touched with a finger of an operator or by a pen, the associated function is initiated.

The manual device 10 furthermore comprises a control unit 30 for controlling the graphical

operator interface 18 and for communicating with the robot control 16.

The graphical operator interface 18 with the touch display 20 is arranged together with the
control unit 30 in a housing 32. The housing 32 forms a display frame 34 that surrounds the
touch display 20 on the edges. In addition, a safety-relevant “emergency stop” switch 26 is

arranged on an upper side of the housing 32.

The virtual operating elements 22.1... 22.n and 24.1... 24.n are arranged along a frame
section 36, 38 of the display frame and adjacent to the touch display 20. In order to make
possible a blind operation of the virtual operating elements 22.1... 22.n and 24.1... 24.n,
according to a first characteristic concept of the invention haptic marks 40.1... 40.n and
42.1... 42.n are arranged in the frame sections 36, 38. Each haptic mark 40.1... 40.n, 42.1...

42 .n can be associated with a virtual operating element 22.1... 22.n, 24.1... 24.n.

In particular, the virtual operating element 22.1... 22.n, 24.1... 24.n is directly adjacent to the
haptic mark 40.1... 40.n and 42.1... 42.n, so that a
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direct transition from the haptic mark 40.1... 40.n and 42.1... 42.n to the virtual operating
element 22.1... 22.n, 24.1... 24.n takes place. Consequently, a finger guided along a haptic
mark 40.1... 40.n and 42.1... 42.n is guided quasi in one stroke to the virtual operating
element 22.1... 22.n, 24.1... 24.n. This avoids or minimizes erroneous operations: At first,
the position of the virtual operating element is sensed with the aid of the haptic mark and
subsequently the function is initiated by touching the virtual operating element. Furthermore,
it is not necessary that the touch display 20 has to have a special shape. In particular, and in
deviation to the prior art, it is not necessary that special, overlaid materials are applied onto

the touch display as a result of which losses of transparency would occur.

The haptic marks 40.1... 40.n and 42.1... 42.n form a guide by which a finger of an operating

person is guided to the associated virtual operating element 22.1... 22.n, 24.1... 24.n.

Fig. 2 shows an enlarged review of the operating elements 22.1... 22.n and the marks 40.1...

40.n associated with them.

The arranging of the virtual operating elements 22.1... 22.n and 24.1... 24.n along the frame
sections 36, 38 comprising the haptic marks 40.1... 40.n, 42.1... 42.n ensures a reliable, that
is, secure operation of the virtual operating elements. The recessed and specially defined

frame sections 36, 38 serve for the tactile orientation.

In the exemplary embodiment shown in fig. 2 the haptic marks 40.1... 40.n,42.1... 42.n are
designed as finger troughs that are formed in such a manner that they can be reliably sensed
with the fingers and ensure a guiding of the finger from the frame sections 36, 38 in the

direction of the associated virtual operating element 22.1... 22.n and 24.1... 24.n.



10

15

20

25

DK/EP 2830836 T3

10

This compensates on the one hand the main lacking haptic of a touch display 20 and on the
other hand operator can direct his visual attention onto the industrial robot in the process
without having to look at the manual operating device 10, as a result of which the operating

safety is increased on the whole. A “blind operation” is made possible.

Fig. 3 shows an embodiment of a haptic mark 44 as a frame corner 46 of the display frame 34
bordering on the touch display 20. An unambiguous, exact position on the touch display 20
is defined by the frame corner 46 of the display frame 34. A virtual operating element 48
such as a virtual slide element is provided on the touch display 20 at these selected positions
that is moved for example, in a linear direction along a display-side frame section 50 or along
the other frame section 52 of the frame corner 44. The view and the function of the virtual

slide element 48 changes as a function of the selected direction of movement.

Fig. 4 shows another embodiment of a haptic mark 54 designed as a display-side frame
section 56 of the display frame 34. The finger of an operating person can execute a shifting
movement along the frame section 56 by which a virtual slide element 60 running along the

frame section 56 can be adjusted.

The haptic marks 40.1... 40.n, 42.1... 42.n shown in fig. 1 and 2 and constructed as finger
troughs form a haptic orientation of the display edge with high resolution, e.g., for the
sensing of positions of the virtual operating elements 22.1... 22.n, 24.1... 24.n since they are
arranged directly adjacent to the finger troughs. Each finger trough can be unambiguously
associated with the virtual operating element. The finger troughs 40.1... 40.n,42.1... 42.n are
constructed to be half-open and opened in the direction of the touch display 20 so that a
finger can slide as guided as in a groove on to the touch display 20 and can initiate a function

of the virtual operating element 22.1... 22.n, 24.1... 24.n there.
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According to an independent concept of the invention it is provided that the initiation of a
function associated with the virtual operating element 22.1... 22.n, 24.1... 24.n requires a
manual action of the operating person on the touch display 20. In order to prevent an
unintended initiation of the virtual operating elements 22.1... 22.n, 24.1... 24.n by an
unintended touching, a function is not initiated until a pre-defined gesture such as, for
example, moving a finger in a defined direction is carried out after the touching of the virtual
operating element on the touch display 20. The sensitivity of the reaction to the finger
movement can be gradually adjusted by a regulator. Therefore, the intensity of the required
gesture for initiating functions can be gradually adjusted. It extends from a simple finger
contact, a generally customary operation on the touch display 20, to a special, small gesture.
As a result of the special definition of the finger troughs 22.1... 22.n and 24.1... 24.n in the
frame sections 36, 38 of the display frame, the finger can slide in a continuation of the finger
troughs onto the touch display. The meeting of the finger with this touch display 20 in
conjunction with the subsequent short sliding further of the finger on the touch display is
recognized as a linear gesture, which leads to the initiation of a function of the corresponding
virtual operating element. Virtual operating elements can be reliably operated by the method.
If the operator notices that he introduced an undesired initiation of a function, he can prevent

the initiation of the function by withdrawing his finger into the original position.

As soon as the operator touches the virtual operating element 22.n with his finger, e.g.,
starting from the finger trough 40.n, the corresponding coordinates of the contact point on the
touch display are detected by the control unit 30. The associated function is not released in
accordance with the definition of a preset gesture until the finger of the operator leaves or

exceeds a set coordinate range or reaches a predefined coordinate range.
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According to another characteristic inventive concept of the invention virtual operating
elements 48 placed, e.g., in the frame corner 46 of the display frame 34 are linked to a special
gesture control. They can be shifted, e.g., along the frame sections 50, 52 in two directions
62, 64, as is shown in fig. 3. Each direction of movement 62, 64 is associated with a
selectable function. Therefore, it is, ¢.g., possible to activate a function “A” when moving
along the frame section 52 and a function “B” when moving along the frame section 50. The

degree of deflection is evaluated and two possibilities of evaluation are provided.

According to a first possibility of evaluation the degree of the deflection is immediately
transmitted as an analog parameter such as the indication of speed to the function. If the
finger 1s let loose in the extended position, the analogous value immediately jumps to zero. If
the finger is guided in a sliding manner back into the initial position, i.e., into the frame
corner, the parameter is set back to zero again analogous to the deflection. This function can
be used, e.g., in order to start a movement program in a positive or negative direction and to

vary the speed in a graduated manner at this time.

A second possibility of evaluation provides that when a definable threshold value is
exceeded, a switching function is initiated. The activation of the function does not take place
until the finger in the extended position leaves the touch display 20 when the threshold value
has been exceeded. However, if the finger is withdrawn back into the zero position without

letting loose of the frame sections 50, 52, the initiation of the function is prevented.

Another characteristic inventive concept of the invention relates to the realization of a so-
called override function (speed regulator) that is realized by the virtual sliding operating
element 60 shown in fig. 4. For this, the sliding operating element 60 is placed along the
frame section 56 and centrally to the haptic mark 43. The position of the sliding operating
element 60 can be detected with the aid of the haptic mark 43 and be adjusted by shifting the

finger along the frame section 56. The blind adjustment is
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additionally supported by the haptic marks 42.1... 42.n, 43, 54 of the frame section 38. The
so-called override can be adjusted by a shifting between two haptic marks 42.1... 42.n by a
defined amount, e.g., 20%. Even other analogous magnitudes such as process parameters can

be adjusted in blind operation by the slide operating element 60 arranged on the edge side.

Another characteristic inventive feature relates to the symmetric arrangement of the haptic
marks 40.1... 40.n, 42.1... 42.n relative to a longitudinal- and/or transversal central axis 68
of the touch display 20. The longitudinal central axis 68 is the straight line running centrally
and parallel to the operating frame shanks of the display frame 34. The transversal central
axis runs vertically to it, therefore, centrally between and parallel to the shorter transversal
shanks of the display frame 34. As a result, it is ensured that the manual device 10 is suited
for a right-hand operation and also a left-hand operation. This is achieved in particular by the
consequent keyless design of the graphical operator interface and by the symmetric
arrangement of the haptic marks. Therefore, the graphic operator interface can be switched by
a simple setup function from right-hand operation to left-hand operation. All positions of the
virtual operating elements 22.1... 22.n, 24.1... 24.n are mirrored here on the longitudinal

central axis 68 of the touch display 20.

Fig. 5 shows a back side 66 of the housing 32. Holding strips 70, 72 are arranged on the back
side 66 and symmetrically to the longitudinal central axis 68 and the manual device 10 can be
securely held by these strips with one or both hands. The holding strips 70, 72 can have an
outer geometry that corresponds to cylindrical sections, wherein the holding strips 70, 72
should emanate from the outer edge, that is, from the longitudinal edges of the display frame
34. An enabling switch 74, 76 is integrated in each holding strip 70, 72, one of which must

selectively be activated for freeing the movement of the industrial robot.

This symmetrical arrangement prevents the hands from becoming tired since the enabling
switches 74, 76 can be alternately activated with the left or the right hand. If a hand becomes
tired, the other hand can assume the enabling without the freeing of the movement being

mterrupted for the movement of the robot.
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Patentkrav

1. Indretning (10) i form af et handbetjeningsapparat til betjening af en indu-
strirobot (12), omfattende

- et grafisk operatar-interface (18) med et bergringsfglsomt display (20), som
i det mindste omradevist er omgivet af en displayramme (34), som f.eks.
touch-display eller touchscreen,

- en styreenhed (30) til styring af det grafiske operatgr-interface (18) og til
kommunikation med en robotstyring (16),

- en flerhed af virtuelle betjeningselementer (22.1...22.n, 24.1...24.n), som er
vist pa displayet (20), og som repreaesenterer funktionerne til betjening af in-
dustrirobotten (12) og kan betjenes ved beraring med en finger fra en opera-
tar eller en stift, og som er anbragt langs displayrammen (34) og greensende
op til denne, hvor der til hvert virtuelt betjeningselement (22.1 ... 22.n;
24.1...24.n) er tilkknyttet et haptisk maerke (40.1 ... 40.n; 42.1....42.n) i eller pa
displayrammen (34), og hvor haptiske maerker er udformet som fordybninger
og er dbnet i retning mod displayet (20) pa en sddan made, at fingeren fra
operataren eller stiften glider op pa touch-displayet for at udlgse det virtuelle
betjeningselement (22.1 ... 22.n; 24.1...24.n), som er tilknyttet fordybningen.

2. Indretning ifelge krav 1,

kendetegnet ved,

at de haptiske maerker er anbragt symmetrisk i forhold til en laengde- og/eller
tveerakse (68) af touch-displayet (20) pa modsat beliggende rammeafsnit (36,

38) af displayrammen (34).

3. Indretning ifalge krav 1 eller krav 2,

kendetegnet ved,



10

15

20

25

DK/EP 2830836 T3

at displayrammen (34) er en del af et hus (32), som optager touch-displayet
(20).

4. Indretning ifelge mindst et af de foregdende krav,
kendetegnet ved,

at huset (32), som optager touch-displayet (20), er symmetrisk opbygget.

5. Indretning ifelge mindst et af de foregaende krav,

kendetegnet ved,

at huset (32) har to holdelister (70, 72), som er anbragt symmetrisk pa en
bagside (66), og at der i hver holdeliste (70, 72) er respektivt integreret en
godkendelseskontakt (74, 76).

6. Indretning ifelge mindst et af de foregaende krav,

kendetegnet ved,

at et af de virtuelle betjeningselementer (60) er udformet som et virtuelt
skubbeelement, og at det virtuelle skubbeelement (60) er anbragt pa touch-
displayet (20) langs et randafsnit (56) af displayrammen fortrinsvis i midten til
et haptisk meerke (43), som er udformet i form af en noppe, séledes at rand-

afsnittet (56) ved forskydning af fingeren langs randafsnittet danner en foring.

7. Indretning ifelge krav 6,
kendetegnet ved,
at der til en forskydningsvej mellem to haptiske maerker (42.1...42.n) er til-

knyttet en analog veerdi for funktionen af det virtuelle betjeningselement (60).
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