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A METHOD AND A DEVICE FOR AVOIDING COLLISIONS
BETWEEN AN INDUSTRIAL ROBOT AND AN OBJECT

FIELD OF THE INVENTION

The present invention relates to a method and a device for
avoiding collisions between components of a multi-axial indus-
trial robot and at least one other moving object.

PRIOR ART

A problem in connection with industrial robots is how to prevent
collisions between the robot and objects belonging to the same
work cell as the robot. An object can be a physical part or an
assembly of parts constituting a solid. Different types of objects
may co-exist in the robot work cell. The object can either be
moving or stationary. Moving objects are, for example, mechani-
cal units such as robots, external axes of the robot, and posi-
tioners.

Interferences due to proximity of objects in the work cell or in-
tersecting trajectories need to be avoided. Relatively high speed
used during production phase could otherwise result in severe
damage to the work cell objects and downtime in production if a
collision were to happen. The trajectories of moving objects in a
robot work cell are often well known in advance. However, tra-
jectories of the said moving objects can not always be known
exactly in advance, most often as a result of non-deterministic
processes, such as spot-welding or the of use of sensor-data.
Path changes may then occur either due to unpredictable delays
of the process or sensor corrections of robot trajectories. Un-
predicted path changes may also occur as a result of drifts.
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Various programming errors can also lead to collisions. Even
though modified robot programs may appear collision-free, colli-
sions may still occur later in production phase due to errors that
did not manifest themselves earlier.

The permanent demand on higher production capacities at lower
cost has further lead to the development of new automation
concepts based on multi-robot systems. Despite efforts from ro-
bots manufacturers to design easy-to-use multi-robot solutions,
the numerous degrees of freedom enabled by such systems
have been accompanied by an increased risk of collisions.

Over the past twenty years several approaches based on differ-
ent technologies and concepts have been proposed to prevent
collisions between objects belonging to the same robot work
cell. For example, US6 212 444, proposes to set a common area
in which an operating area of a robot and an operating area of
an apparatus, such as another multi-axial robot performing an
operation cooperatively with the robot, overlap each other. A
first entrance-forbidding signal is output to the apparatus forbid-
ding it to enter the common area when a predetermined refer-
ence point on the robot is within the common area, and a sec-
ond entrance-forbidding signal is output to the robot forbidding
any reference point of the robot to enter the common area when
the movable part of the apparatus is within the common area.
According to the disclosed method, the other moving object is
forbidden to enter the common area if a predetermined refer-
ence point, usually located at the tip of the mechanical arm of
the robot or at its joints, is within the common area. Recipro-
cally, according to the disclosed method, a reference point on
the robot is forbidden to enter the common area if the other
moving object, is within the common area. A shortcoming with
the disclosed method is that other parts of the robot, which do
not contain a reference point, are allowed to enter the common
area, even though it is occupied with another moving object,
whereby a risk of collision arises.
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In US1993-5247608, dynamic control of the motion of a plurality
of robots is accomplished by checking for interference between
bounding boxes established by the sweeping volumes of each of
the robots along their respective programmed path segments,
their incremental portion being at least as long as the distance
required for the robots to stop.

It has also been proposed to use protective zones enclosing di-
rectly the moving objects or parts of the objects instead of their
sweeping areas. Usually, the protective zones surround the me-
chanical arms of the robot and/or its tool. Examples of protective
zones have been described in the following patent documents:
US2005/0090930, US2004-0249508, JP2003-334777, and JPO8-
141978.

US2005/0090930 describes a method where protective zones
having the shape of rectangular parallelepipeds are attached
around machine parts. Interferences between the machine parts
are checked by an algorithm, which judges whether the rectan-
gular parallelepipeds overlap.

In US2004-0249508, predicted positions of at least two three-
dimensional spatial regions on a robot, which are obtained by
trajectory calculations, are matched with a virtual safety barrier.
If any part of the predicted positions of the three-dimensional
spatial regions is included in the safety barrier, a control to stop
the movement of the arms of the robot including any one of the
three-dimensional regions is ordered.

In JP2003-334777 protective envelops are used to model bodies
of moving objects, whose positions are recorded together with
their closest inter-distance at the positions, as well as size ex-
tensions of the envelops of the moving objects as functions of
their speed. An interpolation of the recorded distances, together
with at least one predicted distance, is accomplished and the
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minimum of the obtained interpolation curve is compared with
the sum of the thicknesses of the envelops of the objects of con-
cern. In JP08-141978 is described a method where a double
protective envelop is used around robot tools.

OBJECTS AND SUMMARY OF THE INVENTION

The object of the present invention is to provide an improved
method and device for avoiding collisions, which reduce the risk
of collisions between moving objects.

According to one aspect of the invention this object is achieved
by a method as defined in claim 1.

Such a method comprises defining a three-dimensional soft
zone enclosing a common area in which an operating area of the
robot and an operating area of the moving object overlap each
other, defining at least one two or three-dimensional hard zone
attached to the robot, defining at least one two or three-
dimensional hard zone attached to the object. The method fur-
ther comprises repeatedly: determining whether any part of the
hard zones is located within to the soft zone, forbidding the ro-
bot entrance to the soft zone if any part of the hard zone of the
object is within the soft zone, and forbidding the movable object
entrance to the soft zone if any part of the hard zone of the ro-
bot is within the soft zone. The other moving object is, for ex-
ample, another multi-axial robot.

A soft zone is a defined volume enclosing an area within which
only one moving object is allowed to visit at a time. When the
soft zone is occupied with a moving object, another moving ob-
ject, which is programmed to enter the soft zone, is stopped and
kept waiting until the zone is unoccupied before it is allowed to
enter the zone. The soft zone may contain a workpiece, or a part
of the workpiece, to be worked on by a plurality of robots. For
example, all the characteristics of the soft zone can be defined
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by programming instructions or by loading predefined files to a
robot control unit.

According to the invention, the hard zones are at least two-
dimensional. A hard zone can be defined as a volume of arbi-
trary geometry enclosing the whole or a part of a robot or a
movable object in order to protect it from collisions with other
movable or stationary object. For example, hard zones may sur-
round the mechanical arms of the robot and the tool, or the
workpiece, carried by the robot. A hard zone can also be defined
as a surface area of arbitrary geometry meant to act as a shield.
The hard zones are attached to the robot or the moving object,
which means that they follow the movement and orientation of
the robot or object. A hard zone can also be designed to protect
a tool hold by the robot, and is then attached to the tool or to
the tool holder of the robot. As long as the robot holds the tool,
the hard zone will follow the movement and orientation of the
robot.

By determining whether any part of the hard zones is located
within the soft zone, it is possible to monitor when the robot, or
the other object, enters and leaves the common area. As it is
monitored when a volume enclosing at least a part of the object
or a surface area attached to the object, or a shield extending in
two dimensions, not only a reference point as in the prior art,
enters into the soft zone, the detection of when the robot or the
object enters the common area is improved. By enclosing all
critical parts of the robot and the other movable object with one
or more tree-dimensional hard zones, or a plurality of two-
dimensional zones it is possible to avoid that any part of the ro-
bot or the object, for instance, the elbow of the robot, enters an
occupied soft zone.

Suitably, the method comprises estimating the shortest dis-
tances between the hard zones and the surface of the soft zone
and based thereon determining whether any part of the hard
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zones is located within to the soft zone. By monitoring the
shortest distances between the hard zones and the surface of a
soft zone, it is possible to detect when the robot, or the other
object, enters or leaves the common area. The shortest distance
method makes it possible to detect when a hard zone of an arbi-
trary and complicated shape enters the common area. Accord-
ingly, it possible to have a soft zone of any 3-dimensional geo-
metrical shape and any orientation. In practice, the performance
of the interference detection algorithm may, however, impose
the shape of the geometry to be convex.

According to an embodiment of the invention, the method com-
prises grouping the hard and/or soft zones into at least two dif-
ferent categories such that at least two of the zones belong to
the same category. The zones can be grouped together such
that at least two hard zones, or at least two soft zones, or at
least one hard and at least one soft zone belong to the same
category. The grouping of zones into categories is advanta-
geous since it enables a common treatment of a group of zones,
for instance to allow the entrance of a moving object protected
by several hard zones into a soft zone when one of the hard
zones is already occupying the soft zone; or to modify the speed
of a moving object if one of its hard zones is within/beyond a
predefined critical distance to another object; or when process
information generated by a zone in the form of a binary encoded
signal should be gathered by a supervisor for the process moni-
toring of several zones.

According to an embodiment of the invention, the method com-
prises: activating zones of the same category at the same time
and deactivating zones of the same category at the same time,
and determining whether any part of an activated hard zone is
located within any activated soft zone. By activation of a zone is
meant that the zone is taken into use and thus is considered
with regard to collisions. A deactivated zone is not in use and is
treated as if it did not exist. In many situations it can be advan-
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tageous to be able to simultaneously activate and deactivate
soft as well as hard zones. For example, in production mode,
some zones are only used on certain robot paths (e.g. service
trajectories) involving different mechanical units in combination
with a given size of tool and/or workpiece. The CPU load on a
robot controller or a separate collision avoidance device can
thus be reduced by deactivating zones that temporarily need not
participate to an application process. Deactivated zones that
need not be used anymore can further be erased from the mem-
ory of a robot controller or that of a separate collision avoidance
device by robot command during robot program execution,
hence reducing memory space consumption.

According to an embodiment of the invention, the method com-
prises enclosing each of a plurality of exchangeable robot tools
or workpieces with one or more hard zones, assigning the same
category to hard zones belonging to the same tool, and assign-
ing different categories to hard zones belonging to different
tools. This embodiment is, for example, advantageous, in an ap-
plication where the robot changes between pluralities of differ-
ent tools with different shapes during a work cycle. Thus, it is
possible to simultaneously activate the hard zones of the tool
presently used by the robot, and to deactivate the hard zones of
the tools that are not in use at the moment. Similarly, it is possi-
ble to simultaneously activate soft zones corresponding to dif-
ferent working areas on a workpiece being carried by the robot
or another moving object, and to deactivate those zones when
the workpiece is conveyed outside the work cell of the robot.

According to an embodiment of the invention, the method com-
prises: defining a plurality of soft zones, each enclosing a com-
mon area in which an operating area of the robot and an operat-
ing area of a moving object overlap each other, defining a plu-
rality of hard zones attached to a plurality of different moving
objects, grouping said hard and soft zones into at least two dif-
ferent categories such that at least one hard zone and at least



10

15

20

25

30

35

WO 2008/031700 8 PCT/EP2007/058749

one soft zone belong to the same category. For example, said
moving objects are a plurality of exchangeable robot tools and
said soft zones correspond to different working areas on a work-
piece being carried by the robot. This embodiment enables hard
zones to be connected to soft zones by assigning them the
same category, thereby making it possible to activate and deac-
tivate hard and soft zones, which belong to each other for some
reason, at the same time. For example, in cases where a plural-
ity of different tools are used during a work cycle, hard zones of
a certain tool is assigned the same category as the soft zones
associated with the robot trajectories corresponding to the utili-
zation of the tool. Thereby, only hard zones of tools that are ac-
tually in use have to be activated, and soft zones associated
with robot trajectories corresponding to the utilization of certain
tools can also be activated and deactivated depending on when
those tools are being used. For cases in which different tools
process different parts of a work object, the hard zone(s) of the
tool and the soft zone(s) enclosing the part(s) of the work object
that are to be processed by the tools are assigned the same
category. Thus, only soft zones enclosing the parts of the work
object that are to be processed by the tools at present in use, is
activated.

According to an embodiment of the invention, the method com-
prises: defining a plurality of two- or three-dimensional hard
zones attached to the robot, defining a plurality of two- or three-
dimensional hard zones attached to the object, forbidding the
robot entrance to the soft zone if any part of the hard zones of
the object is within the soft zone, and forbidding the movable
object entrance to the soft zone if any part of the hard zones of
the robot is within the soft zone. It is easier to define simple ge-
ometries for parts of an object than for the whole object. It can
also be advantageous to define more than one hard zone per
moving object, if the moving object includes several components
movable relative to each other, such as the arms of a multi-axial
robot. If simpler geometries are used for the hard zones, the
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computation of the current positions of the hard zones will be
simplified.

According to an embodiment of the invention, the method com-
prises making a reservation in advance of the soft zone, for one
of the moving objects, and forbidding the other moving object
entrance to the soft zone as long as the soft zone is reserved. A
multi-axial robot is, of course, also to be considered as a moving
object. Preferably, the reservation is withdrawn as soon as the
object with the reservation has left the soft zone. This embodi-
ment makes it possible to temporarily give one of the moving
objects a higher priority to the soft zone than the other moving
objects. If a soft zone has been reserved for a moving object,
the other objects are not allowed to enter the soft zone, even
though it is empty. This embodiment is, for example, advanta-
geous in applications in which it is important that a certain
movement is not interrupted.

According to an embodiment of the invention, at least a part of
the robot or the object is moving relative to its surroundings and
the soft zone is moving in a corresponding manner. A moving
soft zone is useful, for instance, in an application including a
plurality of robots working on components being transported on
a conveyor, and the robots are linearly moving on a same track-
motion along the conveyor. Such situations are often encoun-
tered in e.g. painting or dispensing processes inside car bodies
where two process robots operating through different openings
of the car-body may interfere with each other during their
movements. Attaching a moving soft zone onto the components,
or a part of them, can hence prevent collision between the ro-
bots working on the moving components. This example can be
generalized to all cases involving the displacement of a work-
piece by a moving object such as a robot or an axis positioner,
where at least one other robot is to work on the workpiece being
displaced.
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According to an embodiment of the invention, the method com-
prises: allowing a hard zone to keep moving at the boundaries
and speed of an occupied soft zone if the latter is moving. This
feature can be particularly useful in the case of two or more ro-
bots interfering with each other in their displacements along a
moving workpiece. In such a case, stopping a robot or one of its
components protected by a hard zone that has come in contact
with an occupied moving zone could result in loss of cycle-time
or a production stop. Examples of processes where such a fea-
ture can be advantageous are painting, dispensing and other
body-in-white applications involving the access of at least one
robot into a moving car-body along a conveyor among a plurality
of robots.

According to an embodiment of the invention, the method com-
prises: setting a first variable including information on whether
the soft zone is occupied or unoccupied, and forbidding the ro-
bot or the movable object entrance to the soft zone in depend-
ence on the variable. The first variable is, for example, a signal
or a flag. This variable is made accessible for all the robots and
movable objects being supervised in order to avoid collisions.
Thus, the same information is available for all the robots and
movable objects and thereby faults due to different information
can be avoided. This solution is simple and reduces the informa-
tion to be handled compared to the prior art disclosing two en-
trance-forbidding signals.

According to an embodiment of the invention, the method com-
prises: setting a second variable including information on which
one of the robot and the object is occupying the soft zone, and a
third variable including information on whether or not the robot
or the object is waiting for entering the soft zone. Optionally, the
first, second and third variables are presented for a user.

According to an embodiment of the invention, the soft zone or
any hard zone is enclosing at least a part of a workpiece, a tool
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or any other object, the method further comprises: automatically
varying in time the shape of the soft or hard zone in dependence
on the shape of the workpiece, the tool or any other object being
enclosed. The term shape includes the contour as well as the
size and dimensions of the zone. This feature enables to adapt
the shape of a soft zone attached to a workpiece that has just
been assembled with another workpiece and to enclose both
parts into the same zone without having to create a new one for
that purpose. The feature can also ensure that a hard zone
around a tool will maintain an optimal protection depending on
e.g. whether the tool is open or closed, filled or empty, etc. The
feature can hence also contribute to maintaining the workspace
area of a work-cell as large as possible at any time while offer-
ing a suitable protection for the object it encloses.

According to an embodiment of the invention, at least one of the
hard zones is enclosing at least a part of a tool, and the method
further comprises: receiving information on the status of the tool
and automatically varying the shape of the zone in dependence
on the status of the tool. This embodiment ensures that a hard
zone around a tool will maintain an optimal protection depending
on e.g. whether the tool is open or closed, filled or empty, etc.

According to an embodiment of the invention, the method com-
prises converting a hard zone into a soft zone or converting a
soft zone into a hard zone. This is, for example, advantageous
during service operations, i.e. when a robot needs to present
itself with a tool towards e.g. cleaning equipment involving
physical contact between the tool and the equipment while both
are initially protected respectively by say one hard zone. In that
example, the cleaning operation can be completed by turning
the hard zone of the equipment into a soft zone at the approach
of the tool. By that means, collisions from other moving objects
with the equipment can be prevented even during the service
operation of the tool, as the soft zone of the equipment will lock
itself as long as the tool occupies it. Another example is when
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two sub-parts of a workpiece need to be assembled by creating
a controlled collision at low speed between e.g. one robot and
another object. By turning the hard zone of one of the work-
pieces into a soft zone, the assembly operation can be com-
pleted while maintaining a protection between both workpieces.
On the other hand, converting a soft zone into a hard one can
be useful to protect common work-space areas between a mov-
ing object controlled by a robot controller and another moving
object not directly controlled by the controller. These other mov-
ing objects can range from palletized boxes to smaller fixtures
and other parts being transported on conveyor belts or automa-
tion chains. Their movements in robot work-cells are often
driven by sensors transmitting signals to a monitoring PLC.

According to another aspect of the invention this object is
achieved by a method for avoiding collisions between a plurality
of moving objects, wherein at least one of the objects is adapted
to be carried by a multi-axial industrial robot, as defined in claim
15.

Such a method comprises: defining a plurality of three-
dimensional soft zones each enclosing a common area in which
the operating areas of the moving objects overlap each other,
defining at least one three-dimensional hard zone attached to
each of said plurality of moving objects, grouping said hard and
soft zones into at least two different categories such that at
least one hard zone and at least one soft zone belong to the
same category, wherein zones of the same category are acti-
vated and deactivated at the same time, and the method further
comprises repeatedly: determining whether any part of an acti-
vated hard zone of a movable object is located within an acti-
vated soft zone, and forbidding the movable object entrance to
the activated soft zone if any part of an activated hard zone of
another object is within the soft zone. For example, said moving
objects are a plurality of exchangeable robot tools and said soft
zones correspond to different working areas for the robot tools.
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This embodiment enables hard zones to be connected to soft
zones by assigning them the same category, thereby making it
possible to activate and deactivate hard and soft zones, which
belong to each other for some reason, at the same time. For ex-
ample, in cases where a plurality of different tools are used dur-
ing a work cycle, hard zones of a certain tool is assigned the
same category as the soft zones associated with the robot tra-
jectories corresponding to the utilization of the tool. Thereby,
only hard zones of tools that are actually in use, and corre-
sponding soft zones, has to be activated. This simplifies the col-
lision supervision.

According to another aspect of the invention, this object is
achieved by a device for avoiding collisions between a multi-
axial industrial robot and at least one other moving object as de-
fined in claim 18.

According to an embodiment of the invention, the device com-
prises a human-machine interface that displays information on
whether the soft zone is occupied or unoccupied, displays in-
formation on which one of the robot and the object is occupying
the soft zone, and information on whether or not the robot or the
object is waiting for entering the soft zone.

According to an embodiment of the invention, the device com-
prises means for removing the robot or the other moving object
from queuing for entering an occupied soft zone. This embodi-
ment provides the possibility to program an instruction or press
a button into the human-machine interface in order to remove
the robot or the other moving object from queuing for entering
an occupied common area. This can be, for example, advanta-
geous in a welding process. If a robot is stopped and put in a
queue, waiting for entering the soft zone, the waiting time can
be used for performing other tasks, such as cleaning the tip of
the welding gun or the torch of an arc-welding gun.
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According to an embodiment of the invention, the device com-
prises means for manually unlocking an occupied soft zone and
thereby allowing entrance to the soft zone even though it is oc-
cupied. This embodiment provides the possibility, for example,
to press a button into the human-machine interface in order to
manually unlock an occupied common area. This is, for exam-
ple, advantageous during error handling operations in case the
restart of the production cycle of one or several stopped robots
or other moving objects in a work-cell can be achieved fastest
by allowing one or more hard zones to enter an occupied soft
zone without deactivating the zones or completely turning off the
collision avoidance system.

According to another aspect of the invention this object is
achieved by a device for avoiding collisions between a plurality
of moving objects, wherein at least one of the objects is adapted
to be carried by a multi-axial industrial robot, as defined in claim
30.

It is easy to realize that the method according to the invention,
as defined in the appended set of method claims, is suitable for
execution by a computer program having instructions corre-
sponding to the steps in the inventive method when run on a
processor unit.

According to a further aspect of the invention, the object is
achieved by a computer program product directly loadable into
the internal memory of a computer or a processor, comprising
software code portions for performing the steps of the method
according to the appended set of method claims, when the pro-
gram is run on a computer.

According to another aspect of the invention, the object is
achieved by a computer readable medium having a program re-
corded thereon, when the program is to make a computer per-
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form the steps of the method according to the appended set of
method claims, and the program is run on the computer.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained more closely by the descrip-
tion of different embodiments of the invention and with reference
to the appended figures.

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

shows an example of a robot work cell including two
multi-axial robots working in a common area and a de-
vice for avoiding collisions according to an embodiment
of the invention.

shows a flow chart illustrating an example of a method
for avoiding collisions according to an embodiment of
the invention.

shows a flow chart illustrating an example of how it is
determined whether a robot or moving object will enter
the common area.

shows a flow chart of illustrating an example of how it is
determined whether a robot or moving object will leave
the common area.

shows an example of a multi robot system using catego-
ries of zones.

Figs. 6a-6b illustrate an application for which it can be useful to

use moving soft zones.

Fig. 7 shows a variant of the flow chart of figure 2, when moving

soft zones are used.
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Figs. 8a-d show an example of how the shape of a hard zone
can be varied in dependence on the shape of the object
it encloses.

Figs. 9a-b show another example of how the shape of a hard
zone can be varied in dependence on the shape of the
object it encloses.

Fig. 10 shows an example of two-dimensional hard zones.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
OF THE INVENTION

The invention will in the following be described in connection
with a work cell including two movable objects, in this case two
multi-axial robots 1,2, working on the same workpiece 3, as
shown in figure 1. However, the collision avoidance device and
method according to the invention can be used for any work cell
including two or more moving objects, such as any combination
of multi-axial robots, and other types of movable objects, such
as positioners, track-motions, etc.

The robots 1,2 are connected to a common control unit 5. The
control unit 5 is, for example, a conventional robot control sys-
tem including necessary hardware, such as one or more proces-
sor units, memory means, input and output means, and software
for carrying out normal robot control tasks. The control unit
comprises a program storage means 7 for storing application
programs comprising program instructions written in a robot lan-
guage, a program executor 8 adapted to execute the stored ap-
plication programs, and a path planner unit 9 adapted to receive
instructions from the program executor 8 and on the basis
thereof determine how the robot or robots should move in order
to execute movement instructions of the application program.
The path planner unit 9 plans how the instructed movement
should be performed by carrying out an interpolation of the
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movement. The instructed movement is divided into a plurality of
small increments. The joint angles for all axes of the robot are
computed for each increment. For each interpolation step, the
joint angles of the robot are computed for an increment. The
joint angles are then converted into motor references. The path
planner transmits the motor references to drive modules of the
robot. The path of the robot is planned a specified time interval
ahead of the current position of the robot. The control unit 5
also comprises a stop and resume unit 10 adapted, upon order,
to stop the movement of the robot and upon order resumes the
movement of the robot.

In this embodiment of the invention, a device for avoiding colli-
sions between two or more movable objects, such as multi-axial
industrial robots, is located in the control unit 5. The device for
avoiding collisions comprises a memory 12 adapted to store
data rendered by defining one or more three dimensional soft
zones enclosing a common area in which operating areas of the
moving objects overlap each other and data rendered by defin-
ing three-dimensional hard zones attached to the moving ob-
jects. The device for avoiding collisions further comprises a col-
lision monitoring unit 14 adapted to determine whether any part
of any of the hard zones of any of the moving object is located
within the soft zone, and if that is the case, to forbid the other
moving objects of the work cell entrance to the soft zone. The
collision monitoring unit 14 is adapted to generate a stop signal
to the robot if the robot is on its way to enter a soft zone occu-
pied by the other robot.

Optionally, the device may include a zone shape adaptation unit
15 designed to automatically varying in time the shape of the
zone in dependence on the shape of the object being enclosed.
This function will be described in more detail with reference to
figures 8a-b and 9a-b.
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For each robot 1,2, a plurality of hard zones 16,18,19,20,22,24
are defined. Preferably, the hard zones should enclose the parts
of the robot that are likely to enter a soft zone. Soft zones are
defined as volumes of arbitrary geometries. Hard zones can be
three- or two-dimensional geometries of arbitrary shapes. The
volumes can range from simple geometric primitives, such as
cylinders, spheres and boxes, to more general representations
such as complex polyhedron and triangulated surface patches.
For example, simple CAD models of the zones can be loaded
into the robot control unit and be used as soft and hard zones.
Two-dimensional hard zones can be e.g. plane surface areas or
truncated spheres. Three hard zones 16,18,19 are defined for
the robot 1. The hard zones 16,18 enclose two mechanical arms
of the robot, and the hard zone 19 encloses a tool carried by the
robot. In the same way, three zones 20,22,24 are defined for the
robot 2. A soft zone 26 encloses the common work area of the
robots.

A portable operating device 30 is hardwired or wirelessly con-
nected to the control unit 5, for teaching and manually operating
the robots. Such a portable operating device 30 is also called a
graphical teach pendant unit (GTPU). The operating device 30
comprises operator control means 31, for example a joystick,
and a visual display unit 32. The device for avoiding collisions is
adapted to generate a human-machine interface, which is dis-
played on the display unit 32. The human-machine interface, for
example, displays for each soft zone information on whether it is
occupied or not, and if the soft zone is occupied information on
which one of the robots or moving objects is occupying the soft
zone, and information on whether there is a robot waiting for en-
tering the soft zone, and in that case the identification of the
waiting robot.

In a robot program it can be useful to be able to remove a robot
from the queue to a soft zone and use the waiting time to some-
thing else. This function is, for example, implemented by making
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a call to an interruption routine at the same time as the signal,
which includes information on that the robot is put into the
queue, is set. The interruption routine makes a further call to a
routine that removes the robot from the queue and orders the
robot to carry out another task. Alternatively, the human-
machine interface may include a soft button 34, which can be
activated by the robot operator in order to remove the robot from
the queue. When the soft button 34 is activated, an order to re-
move the robot from the queue is sent to the collision monitoring
unit 14, which removes the robot from the queue.

It can also be useful for an operator to be able to manually acti-
vate and deactivate hard and soft zones, for instance, during
process verification phases or during robot path retouching in a
work-cell. For this purpose, the human-machine interface may
include a soft button 35, which can be activated by the robot op-
erator in order to activate and deactivate a selected zone. When
the soft button 35 is activated, an order to activate/deactivate
the zone is sent to the collision monitoring unit 14, which carries
out the order. Preferably, all zones of the same category are ac-
tivated and deactivated at the same time, but if necessary a
given zone can be activated and deactivated independently of
other zones belonging to the same category. Options for activat-
ing and deactivating zones are passed as arguments in pro-
grammed robot commands or via soft buttons in the operating
device 30. Activation and deactivation of zones can also be
achieved directly by program instruction.

In some cases, it can further be useful for an operator to be able
to manually unlock an occupied soft zone, and thereby allow en-
trance to the soft zone even though it is occupied. For this pur-
pose, the human-machine interface may include a soft button
36, which upon activation unlock an occupied soft zone. When
the soft button 36 is activated, an order to unlock the zone is
sent to the collision monitoring unit 14, which carries out the or-
der. This function can also be implemented by a program in-
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struction, which orders unlock of an occupied soft zone for a
certain robot or moving object.

Sometimes it can additionally be useful for an operator to be
able to manually convert a hard zone into a soft zone or to con-
vert a soft zone into a hard zone. For this purpose, the human-
machine interface may include a soft button 37, which upon ac-
tivation converts an elected zone. When the soft button 37 is ac-
tivated, an order to convert the zone is sent to the collision
monitoring unit 14, which carries out the order. This function can
also be implemented by a program instruction, which orders
conversion of a zone. The conversion operation can be pro-
grammable e.g. by adding an optional parameter into dedicated
robot instructions for defining zones. When added into a zone
definition, the optional parameter shall indicate which hard zone
should convert into a soft zone when the hard zone comes in
contact with another specified hard zone or group of zones.
Similarly, it is possible to convert a soft zone into a hard one by
e.g. sending a signal for the soft zone to the corresponding ro-
bot controller for marking the soft zone as if it were occupied by
a hard zone while it is not.

In order to detect whether a hard zone is entering or leaving the
soft zone, the shortest distance d1,d2,d3 between the hard zone
and the surface of the soft zone is repeatedly calculated. Alter-
natively, it may be detected whether a hard zone is entering or
leaving a soft zone, by means of checking whether the zones
overlap.

When the stop unit 10 receives a stop order from the collision
monitoring unit 14, the robot is braked until its movements are
stopped. The robot is preferably kept on its path during the brak-
ing. The robot keeps waiting in the stop position until it receives
a resume order from the collision monitoring unit.
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Alternatively, the device for avoiding collisions can be made as
a separate hardware unit adapted to receive information on fu-
ture joint angles from separate path planner units of the robots
1,2. This is particularly advantageous in a robot system where
the robots are provided with individual control units. In such an
embodiment, the device receives information on the planned
paths from each of the path planner units and communicates
stop and resume orders to the concerned robot control units. Al-
ternatively, it is also possible to use an already existing safety
system, for instance a PLC, in order to stop or resume the
movement of a robot.

The collision monitoring unit 14 is adapted to calculate the
shortest distances between the hard zones of the moving ob-
jects and the surface of the soft zone at a plurality of future
point in time and on basis thereof detecting whether the hard
zone is about to enter or leave the soft zone. The shortest dis-
tance is for example calculated by means of the Gilbert-
Johnson-Keerthi (GJK) algorithm.

The following data must be known before the program algorithm
starts:

- kinematic models of the robot. These models are used to
compute the positions of the robots in real time and
thereby the positions of the hard zones, and

- shape, dimensions, attachment point and possible orienta-
tion of the zones. The orientation is needed in order to
calculate the inclined position of a hard zone relative to
the axes of the reference coordinate system of the object it
is attached to.

Data that must be communicated to the collision monitoring unit
are joint values from the path planner unit(s). These are used as
input to the kinematic models of the robots in order to calculate
the positions of the components of the robot.
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Figure 2 is a flow chart illustration of a method and a computer
program product according to an embodiment of the present in-
vention. It shall be understood that each block of the flow chart
can be implemented by computer program instructions.

Before execution of the collision avoidance algorithm can begin,
one or more soft zones have to be defined for the common work
areas of the moving objects, block 40, and one or more hard
zones enclosing each of the moving objects have to be defined,
block 41. The soft zone definition shall include information on
which movable object should recognize which soft zone. By this
means, the collision monitoring unit 14 will only calculate short-
est distances between hard- and soft zones which are to know
each other. Hence, unnecessary computational load can be
avoided. By default, however, and for higher safety, all soft
zones may be defined to be recognized by all possible movable
hard zone. The characteristics of each zone can, for example,
be defined by programming instructions or by loading predefined
zone description files to the collision monitoring unit or by a
combination of both. The zone description file can be created in
an off-line environment, or online from the graphical teach pen-
dant unit. A zone description file may contain the following in-
formation:

- the type of zone, i.e. if it is a hard or a soft zone,

- the geometry of the zone,

- the orientation of the zone,

- the attachment of the zones to the object, including the
reference coordinate system for each zone with respect to
the object,

- the category of the object (optionally), and

- one or more variables belonging to the zone (optionally).

If more than one hard zone is defined for an object, it is advan-
tageous to group them together by assigning them the same
category. For example, all hard zones of the robot 1 are as-
signed the category ROB1 and all hard zones of the robot 2 are
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assigned the category ROB2. This can, for example, be used to
allow entrance of a moving object protected by several hard
zones into a soft zone, when one of the hard zones attached to
the moving object is already occupying the soft zone.

Each soft zone may have an occupied-zone variable, for exam-
ple a signal or a flag, including information on whether the zone
is occupied or not. For each of the moving objects there are two
variables provided: a first variable including information on
whether or not the robot is occupying a soft zone at that mo-
ment, and a second variable including information on whether or
not the robot is queuing for any of the soft zones.

The following algorithm is repeated for each interpolation step of
the path planner unit(s). For each interpolation step, joint angles
for all moving objects, in this case joint angles for all the robots,
are received from the path planner unit(s), block 43. The algo-
rithm defined by the blocks 44-64 is repeated for each robot or
moving object for each interpolation step. For each soft zone
supposed to be recognized by a given robot or moving object, it
is checked whether the zone is occupied or not, block 46. If the
soft zone is not occupied in the present interpolation step, it is
detected whether the robot will enter the soft zone during the
next interpolation step, based on the received joint angles from
the path planner, block 48. The path planner calculates the next
movement of the robot and this means that it is possible to de-
cide whether the robot will enter the soft zone during the next
movement of the robot.

An algorithm for detecting whether or not the robot will enter the
soft zone during the next interpolation is described in more de-
tail with reference to figure 3. The algorithm for determining
whether or not the robot will enter the soft zone during the next
interpolation returns a flag denoted “inside”. If the flag "inside” =
TRUE, the robot is about to enter the zone, and if the flag "in-
side” = FALSE, the robot is about to leave the zone. If it is de-
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termined that the robot is not going to enter the soft zone during
the next interpolation, the algorithm is repeated for the next soft
zone.

It is possible to make a reservation in advance of a soft zone for
any of the robots or moving object in the work cell. This function
can, for example, be implemented by a program instruction in
the robot program, which marks the soft zone as reserved for a
certain robot. If it is determined that the robot will enter the soft
zone during the next interpolation, it is checked whether the soft
zone is reserved by any of the other robots or moving objects,
block 50. If the soft zone is reserved by any of the other moving
objects, a stop order is sent to the robot control unit, and the
robot is put into a queue waiting at the boundary of the soft
zone until the latter is released, block 53. When the robot is put
into the queue, block 53, a variable is set including information
on which robot is waiting for entering the soft zone.

If the robot, during next interpolation, will enter a soft zone that
is not occupied and not reserved by any other object or robot,
the soft zone is marked as occupied and a signal or a variable is
generated including information on which robot or object is oc-
cupying the soft zone, block 52.

If the soft zone is occupied, block 46, it is detected whether the
zone is occupied by the current robot or another robot, block 54.
If the current robot does not occupy the soft zone, i.e. the zone
is occupied by another robot or object, it is determined whether
the robot will enter the soft zone at the next interpolation, block
56. If the robot will enter the soft zone at the next interpolation,
a stop order is sent to the robot control unit and the robot is put
into the queue for the soft zone, waiting at its boundaries until
the soft zone is released. Further, the queuing signal or variable
is set, block 53. If the robot will not enter the soft zone during
the next interpolation, the algorithm is repeated for the next soft
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zone, block 44, until all soft zones supposed to be recognized
by the robot have been looped through.

If the current robot occupies the soft zone, block 54, it is deter-
mined whether or not the robot will leave the zone during the
next interpolation, block 58. This algorithm will be described in
more detail with reference to figure 4. If the robot will not leave
the zone during the next interpolation, the algorithm is repeated
for the next soft zone, block 44. If the robot will leave the zone
during the next interpolation, the soft zone is marked as unoc-
cupied, the occupied zone variable is cleared, the signal or vari-
able including information on which one of the moving objects is
occupying the soft zone is cleared, and any reservation of the
zone is removed, block 60.

If the robot will leave the zone at the next interpolation, it is
checked if any robot or moving object is queuing for the re-
leased zone, block 62. If there is a robot or moving object in the
queue, an order to resume the movement is sent to the first ob-
ject in the queue, block 64.

Figure 3 shows the algorithm run at block 48 and 56, which de-
termines whether the robot will enter the soft zone or not. The
algorithm includes a calculation, which decides if any of the hard
zones of the robot or the moving object will enter the soft zone
at the next interpolation. It is determined whether the shortest
distance between any of the hard zones of the robot and surface
of the soft zone is smaller than or equal to zero during the next
interpolation. Joint angles for the next interpolation are received
from the path planner unit(s) of the respective moving objects.

Before starting the algorithm, a flag denoted “inside” is set to
FALSE, block 70. If "inside” = FALSE, the robot will be outside
the soft zone during the next interpolation. As all hard zones of
a robot or a moving object are assigned the same category, it is
easy to find the zones belonging to the robot or the object. For
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each hard zone of the robot or moving object, i.e. for all hard
zones having the same category as the robot or object, block
72, the shortest distance between the hard zone and the surface
of the soft zone is calculated. Further, it is detected whether the
shortest distance at any time during the next interpolation is
shorter than or equal to zero. If the shortest distance is not
shorter than or equal to zero during the next interpolation, the
hard zone is marked as outside the soft zone, block 76. If the
shortest distance is shorter than or equal to zero during the next
interpolation, block 74, the hard zone is marked as inside the
soft zone, block 77, and the flag "inside” is set to TRUE, block
78. When all of the hard zones have been checked, the flag "in-
side” will include information on whether any of the hard zones
is inside the soft zone, which means that the robot will enter the
soft zone during the next interpolation. If the flag "inside” is still
false after all hard zones of the robot have been looped through,
the robot will not enter the soft zone during the next interpola-
tion. If the flag “inside” is true after all hard zones from that ro-
bot have been looped through, the robot will enter the soft zone
during the next interpolation.

Figure 4 shows an algorithm for deciding whether or not the ro-
bot is leaving the soft zone at the next interpolation. If true, the
flag "inside” is set to FALSE, block 80. The following steps are
repeated for each hard zone of the robot or moving object, block
82. If more than one hard zone is defined for the robot it is pos-
sible that some of the hard zones are inside the soft zone and
some of the hard zones are outside the soft zone. If a hard zone
during the last interpolation was marked as outside the soft
zone, block 84, the shortest distance between the hard zone and
the surface of the soft zone is calculated, block 86. If the short-
est distance during next interpolation is larger than zero, the
hard zone is marked as outside the soft zone, block 88. If the
shortest distance between the hard zone and the soft zone is
less than or equal to zero, the hard zone is marked as inside the



10

15

20

25

30

35

WO 2008/031700 27 PCT/EP2007/058749

soft zone, block 90, and the flag "inside” is set to TRUE, block
92.

If the hard zone was not marked as outside during the last inter-
polation, block 84, and the shortest distance during the next in-
terpolation is larger than zero, block 94, the hard zone is still
inside the soft zone and the flag "inside” is set to TRUE, block
96. If the shortest distance is less than or equal to zero, block
94, the robot will leave the soft zone during the next interpola-
tion and the hard zone is marked as outside, block 98. If the flag
"inside” is still false after all hard zones have been looped
through, the robot will leave the soft zone during the next inter-
polation. If the flag “inside” is true after all hard zones have
been looped through, the robot will not leave the soft zone dur-
ing the next interpolation.

According to an embodiment of the invention it is possible to
group hard zones as well as soft zones into different categories.
Figure 5 shows an application for which it can be useful to group
soft zones as well as hard zones into categories. A robot cell
comprises three robots 100,102,104. The robot 100 carries a
workpiece 106 and the robots 102,104 perform work on the
workpiece 106. Four soft zones 108,109,110,111 are defined on
the workpiece 106. The soft zones 108-111 can be assigned dif-
ferent categories, or the same category. The category of a soft
object is, for example, included in the zone description file. In
this application the robots use a plurality of different tools
120,121,122,123,124. During the work cycle the robots change
between the tools. One or more hard zones 130,131,133 en-
close each of the tools. The hard zones belonging to the same
tool are assigned the same category and the hard zones belong-
ing to different tools are assigned different categories. Thereby,
it is possible to activate and deactivate zones of the same cate-
gory at the same time. Thus, when the robot picks up one of the
tools, the hard zones of the picked-up tool can be activated, and
when the robot leaves a tool, which is therefore not going to be
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in use for a while, the hard zones of the unused tool can be de-
activated. Thereby, only tools that are actually in use may have
activated hard zones. Similarly, soft zones possibly associated
with robot trajectories corresponding to the utilization of certain
tools can also be activated and deactivated depending on when
those tools are being used.

According to an embodiment of the invention it is possible to at-
tach a soft zone to a moving object in such a way that when the
object is moving relative to its surrounding, the soft zone is mov-
ing in a corresponding manner with a fixed position relative to
the object. Figures 6a-6b illustrate an application for which it
can be useful to use moving soft zones. Two robots 135, 136
are mounted on a same track-motion 137, parallel to a conveyor
138 on which car-bodies 139 pass through at low speed without
stopping. The robots have each entered the same car-body 139
from its side and through the front and rear door-openings, re-
spectively. Each robot carries e.g. a dispensing or a painting
gun in order to glue, seal, or paint the interior of the car-body
that is constantly moving at a fixed speed. The exiguity of the
car interior space and the amplitude variations of the move-
ments of the robot guns along their programmed paths can lead
to interference between parts of the robots usually located out-
side the car interior.

Figure 6a gives an example of such a situation when no collision
prevention means exists between the two robots. In practice, the
geometry of the workpiece, the robot types used, and the con-
figuration of the work-cell can expose other robot parts to colli-
sions, than those described in figure 6a. By defining a moving
soft zone 140 attached to the car-body 139, and one or several
hard zones 141 around the robot 135, and one or several hard
zones 142 around the robot 136 as shown in figure 6b, collision
between the robots can be avoided. The first of the two robots of
which any hard zone’s shortest distance to the soft zone be-
comes less than zero, will occupy the soft zone that hence will
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become impenetrable for the other robot as long as it is occu-
pied.

While an occupied stationary (i.e. not moving) soft zone would
cause any moving hard zone coming at the boundary to its sur-
face to stop moving and wait until the soft zone is free, a moving
soft zone will act differently. Stopping a robot located inside a
moving frame, like a car-body, when one of the hard zones of
the robot has reached the boundary of an occupied soft zone
attached to the car-body, would require stopping the vehicle on
the conveyor until the robot occupying the soft zone has left it.
Such a procedure would lead to increased cycle-time that could
diminish the production rate of a manufacturing line and possibly
create bottlenecks if high flows of material through the line are a
necessity. Thus, in contact with an occupied moving soft zone, a
moving object shall be allowed to keep moving along the zone
while keeping the same position relative to the soft zone. Such a
soft zone shall always be defined in the coordinate system of a
moving mechanical unit controlled by the robot controller.

Figure 7 shows a variant of the flow chart of figure 2, when mov-
ing soft zones are used with the present invention. Blocks corre-
sponding to equal blocks of the embodiment shown in figure 2,
are given the same reference numbers as the corresponding
blocks of this embodiment. For each robot interpolation, block
43 and for each soft zone of concern for that robot, block 44, a
test is added to check whether the soft zone is a moving zone,
block 45. The moving unit, which the soft zone is coupled with,
shall be identified, block 150, before the position of the moving
soft zone can be updated, block 152. If a moving soft zone is
being occupied when a robot wants to enter it, block 55-56, then
the robot is stopped and immediately synchronized with the
moving soft zone, block 154. Like with a stationary soft zone,
the robot is further queued and a queuing signal is set, block
154. When an occupied soft zone is released, block 60, before
any queuing robot can be restarted block 62, a test is done to
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check whether the soft zone is moving, block 156. If so, the syn-
chronization between the moving soft zone and the robot is in-
terrupted, and the queuing signal for that robot in entrance to
the moving soft zone is reset, block 158.

In the example of figure 6a-b, the moving soft zone 140 is at-
tached to the car body 139. As the car-body is thus transported
from work-cell to work-cell, the activation of a predefined moving
soft zone attached to the car-body can be done in association
with the detection of the car-body in each work-cell of concern.
By this means, only relevant zones for each workpiece coming
into a given work-cell are activated at a time, hence limiting
CPU-load on the corresponding control unit(s) of the work-cell.
At activation of the moving soft zone, its position shall be refer-
enced in the coordinate system of the mechanical unit that car-
ries the car-body in the work-cell.

According to another embodiment of the present invention, the
shape, i.e. the contour and size, of a zone can be automatically
varied in time in dependence on the shape of the object being
enclosed. Figure 8a shows a tool 162, in this case a suction
gripper, and a hard zone 166, defined such that it encloses the
tool. Figure 8b shows the tool 162 carrying an object 164, and a
hard zone 168, defined such that it encloses the tool and the ob-
ject, when it is carried by the tool. The definitions of the hard
zones 166 and 168 are stored in the memory 12 of the control
unit 5. Figures 8c-d illustrate a robot 160 equipped with the
gripper 162 respectively before and after the workpiece 164 was
held by the gripper.

Figures 9a-b show another example of how the shape of a hard
zone can be varied in dependence on the shape of the object it
encloses. In this case the shape of the hard zone is varied in
dependence on the status of the tool. The status of the tool is
for example open or closed. Internal information on the status of
a tool such, as a gripper or a welding gun, is usually available
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on the robot control unit in the form of at least one internal vari-
able, or signal or any equivalent flag. This information is trans-
ferred to the zone shape adaptation unit 15 of the control unit 5,
shown in figure 1. Combining that information with a suitable ro-
bot command enables to switch automatically between two or
more different predefined shapes of hard zones around a refer-
ence point of the tool as e.g. the Tool Center Point (TCP) of the
robot. In this case a larger hard zone 169, which is enclosing
the tool when it is opened, and a smaller hard zone 170, which
is enclosing the tool when it is closed, are defined and stored in
the memory 12 of the control unit. If the status of the tool is
open, the larger hard zone 169 is used, and if the status of the
tool is closed the smaller hard zone 170 is used.

For double safety, information on the status of the tool provided
by internal data from inside the robot controller can be checked
against a signal sent by an added cheap sensor 171 mounted on
the tool. Should information on the tool status not be directly
available from the robot controller, then the signal obtained from
the added sensor on the tool, and connected to the robot con-
troller via a signal bus can be used instead. Alternatively, the
selection of which hard zone to be used can be based solely the
status of the tool detected by the sensor. As shown in figure 9a-
b, the sensor may include an activator 172 and a proximity
switch 173, which provides a tool status signal being either high
or low in dependence on the status of the tool. According to the
tool status signal, one of the hard zones 169 and 170 is se-
lected. Thus, in this embodiment, the zone shape adaptation
unit 15 is adapted to receive information on the status of the
tool and to select which one of a plurality of stored hard zones
of varying shapes, to be used in dependence on the status of
the tool.

In the following, an example of a method for varying the shape
of a hard zone in dependence on the shape of the object will be
described. At start-up of a robot controller, information on tool



10

15

20

25

30

35

WO 2008/031700 32 PCT/EP2007/058749

status is read from a set-up file common to all mechanical units
connected to the controller. For higher safety, a verification of
each tool status can be performed by comparing the status from
the set-up file with the status of a signal transmitted directly
from an added sensor on each tool. For each tool, one among
two or more predefined hard zones attached to the TCP is acti-
vated based on the tool status. The corresponding hard zone is
marked as active and internal variables on tool status in the ro-
bot controller are updated. At each interpolation step in the path
planner unit 9 of the controller, changes in the tool status are
monitored for each tool based on internal variables in the robot
control unit.

Changes in the tool status are possibly compared to changes in
signal status from each added sensor on the tool. If both
sources of tool status indicate no change, the next interpolation
proceeds without change in the activation of the hard zones
around the tools. If both sources of tool status indicate a
change, the presently activated hard zone is deactivated, and
the hard zone corresponding to the new state is activated in-
stead and internal variables on tool status in the robot controller
are updated. Whenever the sources of tool status indicate oppo-
site information, an error is triggered by the zone shape adapta-
tion unit 15 and a stop order for the robot or moving object of
concern is ordered to the controller of the mechanical unit.

Figure 10 shows an example of two-dimensional hard zones pro-
tecting a tool hold by the robot. The hard zones are attached to
a tool holder of the robot. Two hard zones 100, 182, in the form
of planes, are located on opposite sides of the tool and de-
signed such that they cover two sides of the tool. It is also pos-
sible to have three or more two-dimensional hard zones cover-
ing other sides of the tool. The figure also shows a soft zone
182.
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CLAIMS

1. A method for avoiding collisions between a multi-axial in-
dustrial robot and at least one other moving object, said method
comprising:

defining at least one three-dimensional soft zone
(26;108,109,110,111;140) enclosing a common area in which an
operating area of the robot and an operating area of the moving
object overlap each other,

defining at least one two or three-dimensional hard zone
(16,18,19;141) attached to the robot,

defining at least one two or three-dimensional hard zone
(20,22,24;121;142) attached to the moving object,
wherein the method further comprises repeatedly:

determining whether any part of the hard zones is located
within to the soft zone,

forbidding the robot entrance to the soft zone if any part of
the hard zone of the object is within the soft zone, and

forbidding the movable object entrance to the soft zone if
any part of the hard zone of the robot is within the soft zone.

2. The method according to claim 1, wherein the method com-
prises: grouping said hard or soft zones into at least two differ-
ent categories such that at least two of the zones belong to the
same category.

3. The method according to claim 1 or 2, wherein the method
comprises:

defining a plurality of soft zones (108,109,110,111), each
enclosing a common area in which an operating area of the ro-
bot and an operating area of a moving object overlap each
other,

defining a plurality of hard zones (130,131,133,124) at-
tached to a plurality of different moving objects (122,123,124),
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grouping said hard and soft zones into at least two different
categories such that at least one hard zone and at least one soft
zone belong to the same category.

4. The method according to claim 3, wherein the method com-
prises: activating zones of the same category at the same time
and deactivating zones of the same category at the same time,
and determining whether any part of an activated hard zone is
located within any activated soft zone.

5. The method according to claim 3 or 4, wherein said moving
objects are a plurality of exchangeable robot tools
(122,123,124).

6. The method according to any of the previous claims,
wherein the robot is considered as a moving object and the
method comprises: making a reservation in advance of the soft
zone for one of the moving objects, and forbidding the other
moving object entrance to the soft zone as long as the soft zone
IS reserved.

7. The method according to claim 6, wherein the method com-
prises withdrawing the reservation as soon as the object with
the reservation leaves the soft zone.

8. The method according to any of the previous claims,
wherein at least a part of the robot or the object is moving rela-
tive to its surroundings and said soft zone
(108,109,110,111;140) is moving in a corresponding manner.

9. The method according to claim 8, wherein a hard zone (141)
is allowed to keep moving at the boundaries of and at the same
speed of an occupied soft zone (140) if the soft zone is moving.

10. The method according to any of the previous claims, wherein
it comprises: setting a first variable including information on
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whether the soft zone is occupied or unoccupied, forbidding the
robot or the movable object entrance to the soft zone in de-
pendence on said variable.

11. The method according to any of the previous claims, wherein
it comprises: setting a second variable including information on
which one of the robot and the object is occupying the soft zone,
and a third variable including information on whether or not the
robot or the object is waiting for entering the soft zone.

12. The method according to any of the previous claims,
wherein at least one of said soft or hard zones is enclosing at
least a part of a workpiece, a tool, or any other object, and the
method further comprises: automatically varying in time the
shape of the zone (166,168;169,170) in dependence on the
shape of the object being enclosed.

13. The method according to any of the previous claims,
wherein at least one of said hard zones is enclosing at least a
part of a tool, and the method further comprises: receiving in-
formation on the status of the tool and automatically varying the
shape of the hard zone (169,170) in dependence on the status
of the tool.

14. The method according to any of the previous claims,
wherein the method comprises converting a hard zone into a
soft zone or converting a soft zone into a hard zone.

15. A method for avoiding collisions between a plurality of mov-
ing objects (120,121,122,123,124), wherein at least one of the
objects is adapted to be carried by a multi-axial industrial robot,
said method comprising:

defining a plurality of three-dimensional soft zones
(108,109,110,111), each enclosing a common area in which the
operating areas of the moving objects overlap each other,
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defining at least one three-dimensional hard zone
(130,131,133,124) attached to each of said plurality of moving
objects (122,123,124),

grouping said hard and soft zones into at least two different
categories such that at least one hard zone and at least one soft
zone belong to the same category, wherein zones of the same
category are activated and deactivated at the same time, and
the method further comprises repeatedly:

determining whether any part of an activated hard zone of a
movable object is located within an activated soft zone, and

forbidding the movable object entrance to the activated soft
zone if any part of an activated hard zone of another object is
within the soft zone.

16. A computer program product directly loadable into the inter-
nal memory of a computer, comprising software for performing
the steps of any of the claims 1-15.

17. A computer-readable medium, having a program recorded
thereon, where the program is to make a computer perform the
steps of any of the claims 1-15, when said program is run on the
computer.

18. A device for avoiding collisions between a multi-axial in-
dustrial robot and at least one other moving object,
comprising:

a memory (12) for storing data rendered by defining one or
more three-dimensional soft zones (26;108,109,110,111;140)
enclosing a common area in which an operating area of the ro-
bot and an operating area of the moving object overlap each
other, data rendered by defining one or more two or three-
dimensional hard zones (16,18,19;141) attached to the robot,
and data rendered by defining one or more two or three-
dimensional hard zones (20,22,24;121;142) attached to the ob-
ject, and
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a collision monitoring unit (14) that determines whether any
part of the hard zones is located within the soft zone, and that
forbids the robot entrance to the soft zone if any part of the hard
zone of the object is within the soft zone, and that forbids the
movable object entrance to the soft zone if any part of the hard
zone of the robot is within the soft zone.

19. The device according to claim 18, wherein said memory (12)
is adapted to store information on which category each of the
zones belongs to, and the device comprises means (34) for acti-
vating zones of the same category at the same time and deacti-
vating zones of the same category at the same time.

20. The device according to claim 19, wherein said memory (12)
is adapted to store data rendered by defining a plurality of soft
zones (108,109,110,111), each enclosing a common area in
which an operating area of the robot and an operating area of a
moving object overlap each other, and by defining a plurality of
hard zones (130,131,133,124) attached to a plurality of different
moving objects (122,123,124), and the device is adapted to al-
low the hard and soft zones to be grouped into different catego-
ries such that at least one hard zone and at least one soft zone
belong to the same category, and said collision monitoring unit
(14) is adapted to determine whether any part of an activated
hard zone is located within any activated soft zone.

21. The method according to claim 20, wherein said moving ob-
jects are a plurality of exchangeable robot tools (122,123,124).

22. The device according to any of the claims 18-21, wherein
the robot is considered as a moving object, and the device com-
prises means for making a reservation in advance of a soft zone
for one of the moving objects, and said collision monitoring unit
is adapted to forbid any other moving objects entrance to the
soft zone as long as the soft zone is reserved.
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23. The device according to any of the claims 18-22, wherein it
comprises a human-machine interface (32) that displays infor-
mation on whether the soft zone is occupied or unoccupied, dis-
plays information on which one of the robot and the object is oc-
cupying the soft zone, and information on whether or not the ro-
bot or the object is waiting for entering the soft zone.

24. The device according to any of the claims 18-23, wherein it
comprises means (34) for removing the robot or the other mov-
ing object from queuing for entering an occupied soft zone.

25. The device according to any of the claims 18-24, wherein it
comprises means (36) for manually unlocking an occupied soft
zone and thereby allowing entrance to the soft zone even
though it is occupied.

26. The device according to any of the claims 18-25, wherein it
comprises means (37) for converting a hard zone into a soft
zone and for converting a soft zone into a hard zone.

27. The device according to any of the claims 18-26, wherein
said collision monitoring unit 814) is adapted to set a first vari-
able including information on whether the soft zone is occupied
or unoccupied, and to forbid the robot or the movable object en-
trance to the soft zone in dependence on said variable.

28. The device according to any of the claims 18-27, wherein at
least one of said soft or hard zones is enclosing at least a part
of a workpiece, a tool, or any other object, and the device fur-
ther comprises a zone shape adaptation unit (15) adapted to
automatically vary in time the shape of the zone in dependence
on the shape of the object being enclosed.

29. The device according to any of the claims 18-28, wherein at
least one of said hard zones (19,170) is enclosing at least a part
of a tool, and said memory (12) for storing data is adapted to
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store data rendered by defining two or more three-dimensional
hard zones of varying shapes enclosing said tool, and said zone
handling unit (15) is adapted to receive information on the
status of the tool and automatically varying the shape of the
hard zone in dependence on the status of the tool and said
stored hard zones of varying shapes.

30. A device for avoiding collisions between a plurality of mov-
ing objects (120,121,122,123,124), wherein at least one of the
objects is adapted to be carried by a multi-axial industrial robot,
the device comprises a memory (12) for storing data rendered
by defining a plurality of soft zones (108,109,110,111), each en-
closing a common area in which the operating areas of the mov-
ing objects overlap each other, and defining at least one three-
dimensional hard zone (130,131,133,124) attached to each of
said plurality of moving objects (122,123,124), and for storing
information on which category each of the zones belongs to, and
the device is adapted to allow the zones to be grouped into dif-
ferent categories such that at least one hard zone and at least
one soft zone belong to the same category, and the device fur-
ther comprises means (34) for activating zones of the same
category at the same time and deactivating zones of the same
category at the same time, and a collision monitoring unit (14)
that determines whether any part of an activated hard zone of a
movable object is located within an activated soft zone, and that
forbids the movable object entrance to the soft zone if any part
of an activated hard zone of another object is within the soft
zone.
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