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(57) Abstract: It is provided a method and an apparatus for reduction of a potential injury of a co-worker resulting from an intersec -
tion by a hazardous zone of a work piece held by a robot and a body part of the co-worker in a cell accommodating the robot. The
method includes steps of: selecting a first, a second, a third and a fourth value for a first, a second, a third and a fourth variable,
wherein the first variable represents a relative velocity between the hazardous zone of the work piece and the body part of the co-
worker, the second variable represents a degree of an inertia of the moving part of the robot and the work piece, the third variable
represents a degree of a vulnerability of the body part of the co-worker, and the fourth variable represents a degree of a hazardous-
ness for the hazardous zone of the work piece; and predicting a degree of a potential hazard resulting from the intersection of the
hazardous zone of the work piece and the body part of the co-worker according to the first, second, third and fourth variables. It is
helptul to produce data to estimate the injury for a well-defined intersection at a given relative speed in vector form between a hu -
man body part and a work piece of elementary shape held by a robot in motion.
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Method and Apparatus for Reduction of Co-worker’s Injury

Technical Field

The present disclosure relates to the field of method for reduction of co-worker’s injury
from work piece held by a robot, and more particularly to the field of integrated safe guard
for injuring co-workers by a work piece held by robot. The present disclosure also relates
to an apparatus for reduction of a potential injury of a co-worker, in particular, it relates to
an apparatus for reduction of a potential injury resulting from an intersection by a
hazardous zone of a work piece held by a robot and a body part of the co-worker in a cell
accommodating the robot.

Background Art

A robot itself can be made safe in different ways. However, the safe operation of a
collaborative machine does not involve the robot itself only, but also the work-piece, the
cell and environment the robot is working in. The robot can be called as safe if it will not
hurt its human collaborators in any possible condition.

Safety assessed collaborative machines normally do not include assessment of potential
hazard from the work piece, the cell and the environment the robot is working in. Thus, it
is hard for the integrator to foresee if the collaborative machine meets the safety
requirements of the end user.

Brief Summary of the Invention

In view of the above, according to one embodiment, the invention provides a method for
reduction of a potential injury of a co-worker resulting from an intersection by a hazardous
zone of a work piece held by a robot and a body part of the co-worker in a cell
accommodating the robot, including steps of: selecting a first, a second, a third and a fourth
value for a first, a second, a third and a fourth variable, wherein the first variable represents
a relative velocity between the hazardous zone of the work piece and the body part of the
co-worker, the second variable represents a degree of an inertia of the moving part of the
robot and the work piece, the third variable represents a degree of a vulnerability of the
body part of the co-worker, and the fourth variable represents a degree of a hazardousness
for the hazardous zone of the work piece; and predicting a degree of a potential hazard
resulting from the intersection of the hazardous zone of the work piece and the body part of
the co-worker according to the first, second, third and fourth variables. It is helpful to
produce data to estimate the injury for a well-defined intersection at a given relative speed
in vector form between a human body part and a work piece of elementary shape held by a
robot in motion.

According to another embodiment of the invention, an apparatus is provided for reduction
of a potential injury of a co-worker resulting from an intersection by a hazardous zone of a
work piece held by a robot and a body part of the co-worker in a cell accommodating the
robot, including: a selection part, being adapted for selecting a first, a second, a third and a
fourth value for a first, a second, a third and a fourth variable, wherein the first variable
represents a relative velocity between the hazardous zone of the work piece and the body
part of the co-worker, the second variable represents a degree of an inertia of the moving
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part of the robot and work piece, the third variable represents a degree of a vulnerability of
the body part of the co-worker, and the fourth variable represents a degree of a
hazardousness for the hazardous zone of the work piece; and a prediction part, being
adapted for predicting a degree of a potential hazard resulting from the intersection of the
hazardous zone of the work piece and the body part of the co-worker according to the first,
second, third and fourth variables.

It is helpful to produce data to estimate the injury for a well-defined intersection at a given
relative speed in vector form between a human body part and a work piece of elementary
shape held by a robot in motion.

The invention is also directed to an apparatus for carrying out the disclosed methods and
including apparatus parts for performing each described method steps. These method steps
may be performed by way of hardware components, a computer programmed by
appropriate software, by any combination of the two or in any other manner. Furthermore,
the invention is also directed to methods by which the described apparatus operates. It
includes method steps for carrying out every function of the apparatus.

Further embodiments, aspects, details and advantages are evident from the dependent
claims, the description, and the drawings.

Brief Description of the Drawings

The subject matter of the invention will be explained in more detail in the following text
with reference to exemplary embodiments which are illustrated in the drawings, in which:

Figure 1 illustrates a block diagram that shows the apparatus for reduction of the potential
injury of a co-worker according to an embodiment of present invention; and

Figure 2 shows a flow chart for a method for reduction of a potential injury of a co-worker
resulting from an intersection by a hazardous zone of a work piece held by a robot and a
body part of the co-worker in a cell accommodating the robot according to the embodiment
of figure 1.

The reference symbols used in the drawings, and their meanings, are listed in summary
form in the list of reference symbols. In principle, identical parts are provided with the
same reference symbols in the figures.

Detailled description of embodiments of the Invention

As the robot holds a work piece and moves it around, the geometrical and physical
properties of the work piece directly influence the potential risk the robot has to hurt or
injure the co-workers. As an example, if the robot is holding a soft ball, it has a lower risk
for injury of the co-workers in comparison with the case when the robot is holding a knife.
In case a hazardous object is held, the integrator must evaluate the risks related to the work
piece itself and try to eliminate them or reduce them to an acceptable risk level. It follows
that the degree of potential injury of a co-worker resulting from a collision between a
robot-held work piece and the co-worker is at least contributed by the shape of the
hazardous zone of the work piece, the degree of vulnerability of the body part of the co-
worker in collision with the work object, the relative velocity between the hazardous zone
of the work piece and the body part, and the inertia of the moving part of the robot together
with the work object. If the above factors are recognized and evaluated, then the potential
injury of co-worker could be predicted and estimated. Based on the prediction of the
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potential injury and its degree, off-line the robot program and the cell design could be
revised for avoidance of the potential injury or on-line the robot controller could control
the robot to move in a safe route.

Figure 1 illustrates a block diagram that shows the apparatus for reduction of the potential
injury of a co-worker according to an embodiment of present invention. As shown in figure
1, the apparatus 1 for reduction of a potential injury of a co-worker includes a selection
part 10 and a prediction part 11. The potential injury of the co-worker may result from an
intersection by a hazardous zone of a work piece held by a robot and a body part of the co-
worker in a cell accommodating the robot. The apparatus 1 may be implemented by a data
processing system, such as a personal computer and/or a robot controller, and the parts
such as the selection part 10 and the prediction part 11 may be implemented by means of
modules of data processing system.

The selection part 10, receives inputs, based on which, it selects a first, a second, a third
and a fourth value for a first, a second, a third and a fourth variable, wherein the first
variable represents a relative velocity between the hazardous zone of the work piece and
the body part of the co-worker, the second variable represents a degree of inertia of the
moving part of the robot together with the work piece, the third variable represents the
degree of vulnerability of the body part of the co-worker in collision with the work piece,
and the fourth variable represents degree of hazardousness for the hazardous zone of the
work piece that collides with the co-worker. By having the selection part 10, it is possible
for the apparatus 1 to have valid values for the factors contributing to the potential injury.
Such values are correlated to experimental or simulation data and justified by prior
experiment results.

The first, second, third and fourth values for the first, second, third and fourth variables
may be selected from a database which uses a data structure storing possible values for the
mentioned variables and the corresponding index for the level of damage a collision can
make for each of the possible combination. The resulting values are quantified according to
the data from experiment or simulation under various scenarios.

In the following text a possible procedure for creating the necessary data table to estimate
and predict the level of potential injury and the damage a collision between the moving
work piece and a part of the co-worker’s body is described as following steps a to f. During
these steps, the variables with impact on the injury level are identified and their influence
on the final level of injury is estimated by means of experiments.

a. Definition of the potential injury index

At the starting point, a method to compare the severity of the injury must be defined. To do
that, the injuries are ordered that might happen and are of interest in the analysis in an
ordered table like below:

Order Type of injury
0 No bad feeling

Uncomfortable pain

1
2 Needs medical care
3

Bleeding badly
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4 Needs to be away from work

Unrecoverable injury

6 Fatal

Table I

The type of injuries above can be different depending on the case of interest. It is important
that the order will be correctly chosen, so that an injury of order n is more severe than one
of order n-1. Then, an exponential injury index, DI, is associated to each level of the
injuries above by simply having a number, say M, to power of the order of the injury.

Here, we simply choose M to be equal to 2 and we will have the following values:

Order Type of injury DI
0 No bad feeling 1
1 Uncomfortable pain 2
2 Needs medical care 4
3 Bleeding badly 8
4 Needs to be away from work 16
5 Unrecoverable injury 32
6 Fatal 64

Table I

The exact value of M does not have any impact except that

DI(Order i) = M DI(Order i-1).

The exponential ordering is intentionally chosen so that the possible injury can be moved
from one class to the next by simply multiplying the related DI by M.

b. Quantification of the geometry of the hazardous zone of the work

In a general case, one might expected that a complex structure would cause danger of
different levels from different angles and directions. As a possible method, it is proposed to
decompose the total exposed danger into risks for injury coming from different parts of the
work piece for the actual case of motion. Once the possible injury from each substructure
of the work piece under the describes circumstances is found, the highest value can be
taken as that representative for the work piece and specific motion under analysis. The
complex geometry can be decomposed to elementary geometrical parts that can be
identified, analyzed and parameterized. This can also be done in several different ways, of
which one proposal can be the one shown in the following table.

Order | Type of geometry | Main parameters Directions
1 Tip Minimum curvature, | Pointing direction,
Depth Any other two
perpendicular to first
direction
2 Edge Minimum curvature, | Sharp direction,
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Length, Parallel to the edge,
Depth Perpendicular to the first

two

3 Sphere Minimum curvature | Perpendicular to the surface,
Any other two
perpendicular to first
direction

4 Plane surface Diameter Perpendicular to the surface

Table II

In Table II, the hazardous elementary geometries are classified into four groups and for
each group important parameters and important directions are defined. For example, a
knife can be considered as a tip in one direction, as an edge in another direction and as a
surface in the third direction. For each of these, important directions are defined. The
directions are defined so that the first direction is the main impact direction and if the
relative velocity in the main direction is less or equal to zero, no impact will occur and
therefore no injury can be expected.

c. Quantification of impact of the moving part of the robot

For testing or simulation of the impact, one has to have a mechanical description of the
moving part of the robot. Due to the complexities of the kinematic of the robot, there can
be configurations that are more dangerous than others. As the simulation or test solely
concerns an impact, a simple inertia, or mass model will be sufficient. However, the test

needs to be done for different inertia or masses so that all configurations can be covered.

Configuration Equivalent mass
1 Robot in zero position, | 2kg
axis 3 moving
2 Robot in zero position, | 7kg
axis 1 moving
3 Robot in stretch 10kg
position, axis 1 moving
Table IIT
d. Quantification of vulnerability of body parts

The sensitive parts of the body need to be counted and put in an increasing order of
vulnerability, for example as in the table below.

Order Body part

1 Hands
2 Chest
3 Head

Table IV
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Once the important body parts are selected, one should provide means to simulate, model
or estimate the vulnerability of each body part. For example, test dummies can be used for
physical tests or numerical simulation models can be used for numerical tests.

The worst case of impact will be when the human body cannot move back. As risk should
concern the worst possible case, here, the focus will be made on the case that the model of
the human body is kept fixed and will be hit by the object.

e. Estimation of damage index, DI, by means of experiments

For each body part and each of elementary shapes of hazardous zone one needs to make
several objects with variations of the parameters as noted in Table II. If the actual robot is
available, the object can be connected to the robot. If the robot is not available, or the data
is expected to be used as generic for all robots, the object must be connected to a mass so
that moving part configuration can be simulated. The mass should of course be varied so
that all robot configurations can be simulated. The mass must be connected to a machine
that can be moved in a controlled manner. After mounting the object on the robot or the
object and the mass to that machine, a coordinate system can be defined so that the
direction one will be in the main direction of the object, as shown in Table I, direction 2
will be aligned with the second direction and direction 3 with the third direction. For those
cases, like the tip, where the second and third directions are equal, direction 2 and 3 can be
chosen freely perpendicular to direction 1.

The speed will be varied in directions 1, 2 and 3 from the minimum value to maximum
value with sufficient number of steps between and the impact between the hazardous
object and body part is simulated. For each case, the damage is evaluated according to the
table described above and the degree of damage, the damage index DI will be determined
for each case. This value will be stored in the database.

In terms of the above definitions, one can perform tests or simulations in order to find the
degree of injury for each of the possible cases above and store the result in a table for later
reference. As it concerns about the degree of injury to human body, a direct test on the real
person cannot be an alternative. Instead, one might make a model of the body part and
allow the impact occur on that. The degree of injury can be evaluated either by making
direct measurements of pressure and forces or by studying of the changes on the model.
The physical test will follow a procedure as described below.

f. Prediction of the degree of injury and damage due to collision between the work piece
and a part of human body

The five above steps need to be performed only once. When the table is available the
results can be used for predictions or control of robot in the following way. The integrator
designs the cell and thereby provides necessary program for the robot. As the work object
is defined, the program defines how it will be moved around by the robot. Likewise, the
geometry is decomposed into a number of elementary geometries and in each direction, the
most dangerous one is considered. By an assessment of the cell design, the integrator
associates information about where in the cell there will be possibilities of collision
between robot and a well-defined part of human body and in the worst case, how the part
of the human body could move.

When the work piece passes areas with possibility of collision, first the relative velocity is
calculated. The inertia of the moving part of the robot and the work piece are known, the
geometry is already defined as an elementary geometry with its respective parameters.
These three pieces of information, together with knowledge about what part of the body
will collide, give necessary information for a table lookup from the above database and
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thereby the degree of injury can be found. At this stage, the integrator can, if needed, make
new arrangements so that the degree of injury is lowered to the requested value.

As an alternative approach, the robot controller can include the above mentioned database
and make an analysis before moving the robot. If the degree of possible injury is too high,
the robot can take actions like reducing the speed, changing the direction of the work piece
or use a cover over the dangerous part of the work piece.

This will be done by the mentioned apparatus as follows. The prediction part 11 isadapted
for predicting thedegree of a potential hazard resulting from the intersection of the
hazardous zone of the work piece and the body part of the co-worker according to the first,
second, third and fourth variables that are selected by the selection part 10. For each case,
the injury is predicted according to the tables described above and the degree of injury, the
injury index DI will be determined for each case.

In particular for example, the selection part 10 selects the value “Edge” and “Sharp
direction, Parallel to the edge, Perpendicular to the first two” in Table I, “robot in zero
position axis 3 moving, 2Kg” in Table II, “Head” in Table III. After that, once the relative
speed is known, the prediction part 11 predicts the related damage index DI fir that
particular speed and the choices above.

By having the apparatus as above, it allows us to produce data to estimate the injury D for
a well-defined intersection at a given relative speed in vector form between a human body
part and a work piece of elementary shape held by a robot in motion. If that is within the
allowed range, the motion can be assumed to be safe otherwise actions need to be taken to
reduce the level of injury. In consideration of this, the apparatus 1 may further include a
path planning part 12 being adapted for planning the movements of the robot on the basis
of the degree of a potential hazard. The path planning part 12 may plan a robot path, for
which if the hazardous degree is beyond the allowed range. In that case, the speed of
movement of the robot will be limited, the robot will hold the work piece in a safe
orientation, and/or the robot covers the work piece by a protector for protection of the co-
worker from the work piece.

Alternatively, the apparatus 1 may further include a control part being adapted for
controlling the movements of the robot on the basis of the degree of the potential hazard.
When the robot is running, the control part may control the robot operate in a way that if
the hazardous degree is beyond the allowed range, the speed of movement of the robot is
limited, the robot holds the work piece in a safe orientation, and/or the robot covers the
work piece by a protector for protection of the co-worker from the work piece.

The procedure above might lead to a large number of data coming from equally large
number of experiments. In some cases, one might make simplifications and after
validations reduce the number of experiments to be carried out. Here, some examples are
given. Validations are needed before applying them.

To reduce the number of cases and the size of the table, one can argue that the most
important impact is when the relative motion is in first direction and that motion in the
other directions will have a worsening impact. That will give

DI =DI' x DI* %X DI®

Further, the damage from the main impact is only depending on the relative speed in the
first direction

DIt = pr*(v,)

and that the motion in the other direction is not changing the level of damage unless the
speed is larger than a value, say %o, and otherwise it makes the damage one class more
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severe, i.e.
if {v=<wy): DIMvy=DI*(v)= 1
otherwise : DI*(v) = DI3(v) = M = 2.

This will reduce the size of the table enormously as speed needs to be changed in one
direction only. In the same way, one might find that the damage to hand, chest and head
are similar, but they become more and more severe. In that case, it would be enough to find
the damage fortissue and afterwards rescale the damage to more severe or less severe. How
much it should be changed can be found for speed only. Although the assumptions need
testing for validation, still they eliminate three dimensions from 6 to 3, which is a very
strong simplification of the work.

The apparatus 1 may further include a recognition part 13 being adapted for recognizing
the relative velocity between the hazardous zone of the work piece and the body part of the
co-worker, the inertia of the moving part of the robot, the degree of the vulnerability of the
body part of the co-worker, and the degree of the hazardousness for the geometrical and
physical properties of the hazardous zone of the work piece. The recognition part 13 may
recognize the relative speed between the hazardous zone of the work piece and the body
part of the co-worker in consideration of the robot program and the cell design. The
recognition part 13 may recognize the values for the inertia of the moving part of the robot,
the degree of the vulnerability of the body part of the co-worker, and the degree of the
hazardousness for the geometrical and physical properties of the hazardous zone of the
work piece based on an estimation of an integrator.

The apparatus 1 may further include a memory part 14 being adapted for storing a table
comprising a multiple of the first values, a multiple of the second values, a multiple of the
third values, and a multiple of the fourth values, for example Tables I through V, and the
selection part 10 being further adapted for based on the recognition selecting the first,
second, third and fourth value for the first, the second, the third and the fourth variable.

Figure 2 shows a flow chart for a method for reduction of a potential injury of a co-worker
resulting from an intersection by a hazardous zone of a work piece held by a robot and a
body part of the co-worker in a cell accommodating the robot according to the embodiment
of figure 1. In step S200, selecting a first, a second, a third and a fourth value for a first, a
second, a third and a fourth variable, wherein the first variable represents a relative
velocity between the hazardous zone of the work piece and the body part of the co-worker,
the second variable represents a degree of an inertia of the robot, the third variable
represents a degree of a vulnerability of the body part of the co-worker, and the fourth
variable represents a degree of a hazardousness for the hazardous zone of the work piece;
next in step S201, predicting a degree of a potential hazard resulting from the intersection
of the hazardous zone of the work piece and the body part of the co-worker according to
the first, second, third and fourth variables. By having the method as above, it allows us to
produce data to estimate the injury D for a well-defined intersection at a given relative
speed in vector form between a human body part and a work piece of elementary shape
held by a robot in motion.

If that is within the allowed range, the motion can be assumed to be safe otherwise actions
need to be taken to reduce the level of injury. Thus, the method may further include step
5202, planning the movements of the robot on the basis of the degree of a potential hazard;
or alternatively step, controlling the movements of the robot on the basis of the degree of
the potential hazard. In particular for example, either for step S202 or step S203, where the
speed of movement of the robot is limited, the movement of the robot includes holding the
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work piece in a safe orientation, or the movement of the robot includes covering the work
piece by a protector for protection of the co-worker from the work piece.

The method may further include a step S203, recognizing the relative velocity between the
hazardous zone of the work piece and the body part of the co-worker, the inertia of the
moving part of the robot, the degree of the vulnerability of the body part of the co-worker,
and the degree of the hazardousness for the geometrical and physical properties of the
hazardous zone of the work piece. Based on the recognition, selecting the first, second,
third and fourth value for the first, the second, the third and the fourth variable from a table
comprising a multiple of the first values, a multiple of the second values, a multiple of the
third values, and a multiple of the fourth values. For example in particular, the first value is
recognized in consideration of the robot program and the cell design.

Though the present invention has been described on the basis of some embodiments, those
skilled in the art should appreciate that those embodiments should by no way limit the
scope of the present invention. Without departing from the spirit and concept of the present
invention, any variations and modifications to the embodiments should be within the
apprehension of those with ordinary knowledge and skills in the art, and therefore fall in
the scope of the present invention which is defined by the accompanied claims.
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CLAIMS

1. A method for reduction of a potential injury of a co-worker resulting from an
intersection by a hazardous zone of a work piece held by a robot and a body part of the co-
worker in a cell accommodating the robot, including:

selecting a first, a second, a third and a fourth value for a first, a second, a third and a
fourth variable, wherein the first variable represents a relative velocity between the
hazardous zone of the work piece and the body part of the co-worker, the second variable
represents a degree of an inertia of the moving part of the robot and the work piece, the
third variable represents a degree of a vulnerability of the body part of the co-worker, and
the fourth variable represents a degree of a hazardousness for the hazardous zone of the
work piece; and

predicting a degree of a potential hazard resulting from the intersection of the hazardous
zone of the work piece and the body part of the co-worker according to the first, second,
third and fourth variables.

2. The method according to claim 1, wherein:

the first variable represents the relative velocity between the hazardous zone of the work
piece and the body part of the co-worker in one main direction.

3. The method according to claim 1 or 2, further including:

planning the movements of the robot on the basis of the degree of a potential hazard.

4. The method according to claim 1, 2 or 3, further including :

controlling the movements of the robot on the basis of the degree of the potential hazard.
5. The method according to claim 3 or 4, wherein:

the speed of the movement of the robot is limited.

6. The method according to any of claims 3 to 5, wherein:

the movement of the robot includes holding the work piece in a safe orientation.

7. The method according to any of claims 3 to 6, wherein:

the movement of the robot includes covering the work piece by a protector for protection
of the co-worker from the work piece.

8. The method according to any of the preceding claims, wherein:

selecting the first, second, third and fourth value for the first, the second, the third and the
fourth variable from a table comprising a multiple of the first values, a multiple of the
second values, a multiple of the third values, and a multiple of the fourth values, based on
recognition of the relative velocity between the hazardous zone of the work piece and the
body part of the co-worker, the inertia of the moving part of the robot, the degree of the
vulnerability of the body part of the co-worker, and the degree of the hazardousness for the
geometrical and physical properties of the hazardous zone of the work piece.

0. The method according to claim 8, further comprising:

recognizing the first value in consideration of the robot speed measured or calculated based
on the robot program, the cell design and the body part movement speed set by an
integrator;
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recognizing the second, third and fourth variables based on inputs by a programmer .

10. An apparatus for reduction of a potential injury of a co-worker resulting from an
intersection by a hazardous zone of a work piece held by a robot and a body part of the co-
worker in a cell accommodating the robot, including:

a selection part, being adapted for selecting a first, a second, a third and a fourth value for a
first, a second, a third and a fourth variable, wherein the first variable represents a relative
velocity between the hazardous zone of the work piece and the body part of the co-worker,
the second variable represents a degree of an inertia of the moving part of the robot and
work piece, the third variable represents a degree of a vulnerability of the body part of the
co-worker, and the fourth variable represents a degree of a hazardousness for the hazardous
zone of the work piece; and

a prediction part, being adapted for predicting a degree of a potential hazard resulting from
the intersection of the hazardous zone of the work piece and the body part of the co-worker
according to the first, second, third and fourth variables.

11. The apparatus according to claim 10, wherein:

the first variable represents the relative velocity between the hazardous zone of the work
piece and the body part of the co-worker in one main direction.

12. The apparatus according to claim 10 or 11, further including:

a path planning part, being adapted for planning the movements of the robot on the basis of
the degree of a potential hazard.

13. The apparatus according to claim 10, 11 or 12, further including:

a control part, being adapted for controlling the movements of the robot on the basis of the
degree of the potential hazard.

14. The apparatus according to claim 12 or 13, wherein:

the speed of movement of the robot is limited so that the damage due to a collision is
below the set limit.

15. The apparatus according to any of claims 12 to 14, wherein:
the movement of the robot includes holding the work piece in a safe orientation.
16. The apparatus according to any of claims 12 or 15, wherein:

the movement of the robot includes covering the work piece by a protector for protection
of the co-worker from the work piece.

17. The apparatus according to any one of claims 10 to 16, further including:

a recognition part, being adapted for recognizing the relative velocity between the
hazardous zone of the work piece and the body part of the co-worker, the inertia of the
moving part of the robot, the degree of the vulnerability of the body part of the co-worker,
and the degree of the hazardousness for the geometrical and physical properties of the
hazardous zone of the work piece; and

a memory part, being adapted for storing a table comprising a multiple of the first values, a
multiple of the second values, a multiple of the third values, and a multiple of the fourth
values;

wherein:
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the selection part is further adapted for, based on the recognition, selecting the first,
second, third and fourth value for the first, the second, the third and the fourth variable
from the table.

18. The apparatus according to claim 17, wherein:

the recognition part is further adapted for recognizing the first value in consideration of the
robot speed measured or calculated based on the robot program, the cell design and the
body part movement speed set by an integrator, and wherein recognizing the second, third
and fourth variables is based on inputs by a programmer.
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