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(57) A path generation device including an acquisi-
tion unit, a setting unit, and a path generation unit. The
acquisition unit is configured to acquire pose information
relating to an initial pose and a target pose of a robot,
position information relating to a position of the robot,
obstacle information including a position of an obstacle
present in a range of interference with the robot, and
specification information relating to a specification includ-
ing a shape of the robot. The setting unit is configured
to, based on a positional relationship between the robot

and the obstacle, set a clearance amount representing
an amount of clearance to avoid the interference for at
least one out of the robot or an obstacle present in a
range of interference with the robot. The path generation
unit is configured to generate path information related to
a path of the robot based on the initial pose and the target
pose of the robot, the position of the robot, the position
of the obstacle, the shape of the robot, and the clearance
amount set by the setting unit.
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Description

Technical Field

[0001] The present invention relates to a path gener-
ation device, a path generation method, and a path gen-
eration program.

Background Art

[0002] A robot simulation device for executing a sim-
ulation of an action program for a robot is disclosed in
Patent Document 1. The robot simulation device includes
an action path acquisition unit to acquire an first action
path, a taught point identification unit to detect occur-
rence of interference on the first action path and identify
a first taught point and a second taught point that are
taught points before and after such interference, an ac-
tion path generation unit to automatically insert at least
one third taught point between the first and second taught
points based on search directions and search distances
determined by random numbers and to generate second
action paths such that interference does not occur, an
evaluation unit to perform evaluation of each of the sec-
ond action paths based on at least one predetermined
parameter, and an action path selection unit to select an
optimum action path from the plural second action paths
based on the evaluation.
[0003] When generating a path for movement of a ro-
bot, a path is generated such that the robot does not
interfere with an obstacle, namely, so as to maintain a
safe distance for a distance between the robot and any
obstacle. Hitherto, a clearance amount representing a
safe distance between a robot and an obstacle has been
set the same in each instance for the robot or for the
obstacle.

Prior Art Documents

Patent Documents

[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-Open (JP-A) No. 2015-160277

SUMMARY OF INVENTION

Technical Problem

[0005] In cases in which a clearance amount is set the
same in each instance for the robot or for the obstacle,
if for example the clearance amount of a box for contain-
ing the workpiece is set large to raise safety in a pick-
and-place device, then there is a higher probability of a
fail in picking workpieces at corners of the box. This leads
to a drop in the overall picking success rate. However, if
the clearance amount is set small to raise the picking
success rate, then this leads to a drop in safety. Namely,
there is an increase in the risk of the robot interfering with

an obstacle.
[0006] The success rate of actions of the robot such
as picking and the safety of actions of the robot are ac-
cordingly in a trade-off relationship, and achieving both
is difficult.
[0007] In consideration of the above circumstances,
an object of the present invention is to provide a path
generation device and path generation program capable
of preventing a drop in safety of actions of a robot while
also preventing a drop in the success rate of actions of
the robot.

Solution to Problem

[0008] A first aspect of the disclosure is a path gener-
ation device including an acquisition unit, a setting unit,
and a path generation unit. The acquisition unit is con-
figured to acquire pose information relating to an initial
pose and a target pose of a robot, position information
relating to a position of the robot, obstacle information
including a position of an obstacle present in a range of
interference with the robot, and specification information
relating to a specification including a shape of the robot.
The setting unit is configured to, based on a positional
relationship between the robot and the obstacle, set a
clearance amount representing an amount of clearance
to avoid the interference for at least one out of the robot
or an obstacle present in a range of interference with the
robot. The path generation unit is configured to generate
path information related to a path of the robot based on
the initial pose and the target pose of the robot, the po-
sition of the robot, the position of the obstacle, the shape
of the robot, and the clearance amount set by the setting
unit.
[0009] The first aspect described above may be con-
figured such that in cases in which the path generated
by the path generation unit has not been satisfied a pre-
determined path condition the setting unit makes the
clearance amount smaller, and the path generation unit
re-generates the path information based on the initial
pose and the target pose of the robot, the position of the
robot, the position of the obstacle, the shape of the robot,
and the clearance amount set by the setting unit.
[0010] The first aspect described above may be con-
figured such that in cases in which the obstacle includes
a cavity and also the obstacle is either for containing a
workpiece subject to manipulation by the robot or for plac-
ing the workpiece on, the setting unit sets the clearance
amount smaller than a clearance amount for an obstacle
not including a cavity.
[0011] The first aspect described above may be con-
figured such that the setting unit computes a speed or
acceleration of a joint of the robot based on the path
information, and in case in which the computed speed or
acceleration of the joint of the robot is a predetermined
threshold or more, makes the clearance amount larger
such that the speed or acceleration becomes less than
the predetermined threshold.
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[0012] The first aspect described above may be con-
figured such that the setting unit receives an adjustment
coefficient to adjust the clearance amount, and adjusts
plural of the clearance amounts based on the received
adjustment coefficient.
[0013] The first aspect described above may be con-
figured to further include a display control unit configured
to control so as to differentiation display of the obstacle
according to the clearance amount.
[0014] A second aspect of the disclosure is a path gen-
eration method in which a computer executes process-
ing. The processing includes: an acquisition process of
acquiring pose information relating to an initial pose and
a target pose of a robot, position information relating to
a position of the robot, obstacle information including a
position of an obstacle present in a range of interference
with the robot, and specification information relating to a
specification including a shape of the robot; a setting
process of, based on a positional relationship between
the robot and the obstacle, setting a clearance amount
representing an amount of clearance to avoid the inter-
ference for at least one out of the robot or an obstacle
present in a range of interference with the robot; and a
path generation process of generating path information
related to a path of the robot based on the initial pose
and the target pose of the robot, the position of the robot,
the position of the obstacle, the shape of the robot, and
the clearance amount set by the setting process.
[0015] A third aspect of the disclosure is a path gen-
eration program to cause a computer to function as an
acquisition unit, a setting unit, and a path generation unit.
The acquisition unit acquires pose information relating
to an initial pose and a target pose of a robot, position
information relating to a position of the robot, obstacle
information including a position of an obstacle present in
a range of interference with the robot, and specification
information relating to a specification including a shape
of the robot. The setting unit, based on a positional rela-
tionship between the robot and the obstacle, sets a clear-
ance amount representing an amount of clearance to
avoid the interference for at least one out of the robot or
an obstacle present in a range of interference with the
robot. The path generation unit generates path informa-
tion related to a path of the robot based on the initial pose
and the target pose of the robot, the position of the robot,
the position of the obstacle, the shape of the robot, and
the clearance amount set by the setting unit.

Advantageous Effects of Invention

[0016] The present invention enables a drop in safety
of actions of a robot to be prevented while also preventing
a drop in the success rate of actions of the robot.

BRIEF DESCRIPTION OF DRAWINGS

[0017]

Fig. 1 is a diagram illustrating a schematic configu-
ration of a robot and robot control device.
Fig. 2 is a diagram illustrating a configuration of a
robot that is a vertical articulated robot.
Fig. 3 is a block diagram illustrating a hardware con-
figuration of a robot control device.
Fig. 4 is a block diagram illustrating an example of
a functional configuration of a robot control device.
Fig. 5 is diagram to explain types of obstacle.
Fig. 6 is a flowchart illustrating a flow of robot control
processing by a robot control device.
Fig. 7 is a diagram illustrating an example of clear-
ance amount setting information.
Fig. 8 is a diagram to explain an example of display
of clearance amounts.
Fig. 9A is a side view of a box that has been set with
a clearance.
Fig. 9B is a plan view of a box that has been set with
clearances.
Fig. 10 is a diagram illustrating an example of a dis-
play for a case in which display is differentiated ac-
cording to clearance amount.
Fig. 11 is a diagram to explain a case in which a
clearance amount is set to the same in each in-
stance.
Fig. 12A is a diagram illustrating an example of a
reception screen to receive an adjustment coeffi-
cient.
Fig. 12B is a diagram illustrating an example of a
reception screen to receive an adjustment coeffi-
cient.
Fig. 12C is a diagram illustrating an example of a
reception screen to receive an adjustment coeffi-
cient.

DESCRIPTION OF EMBODIMENTS

[0018] Explanation follows regarding an example of an
exemplary embodiment of the present invention, with ref-
erence to the drawings. Note that the same or equivalent
configuration elements and parts are appended with the
same reference numerals in each of the drawings. The
dimensional proportions illustrated in the drawings may
be exaggerated in order to aid explanation, and do not
necessarily conform to actual proportions.
[0019] Fig. 1 is a diagram illustrating schematic con-
figurations of a robot and a robot control device.
[0020] As illustrated in Fig. 1, a robot control device 10
is connected to a robot RB, and controls actions of the
robot RB. The robot control device 10 controls actions of
the robot RB by outputting to the robot RB various pa-
rameters (action command values) to control actions of
the robot RB. The robot control device 10 also includes
a function as a path generation device to generate a path
of the robot RB. The detailed configuration of the robot
control device 10 will be described later.
[0021] The robot RB moves so as to follow either plural
taught points taught by a user or plural waypoints gen-
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erated from a path plan. The robot RB follows various
action command values to move. The various action
command values include, for example, speed, acceler-
ation, deceleration, and rotation angles of joints of the
robot RB.
[0022] As an example, a robot hand H is attached to a
distal end of the robot RB as an end effector. In this case
for example, the robot RB is what is referred to as a pick-
and-place robot that grips a workpiece W configuring a
manipulation target of the robot RB at a prescribed po-
sition, transports the workpiece W to a prescribed desti-
nation, and places the workpiece W there. As an alter-
native example, the robot RB may have a tool attached
as an end effector. In such cases, the robot RB moves
so as to follow a taught path or a path based on a path
plan, and performs prescribed processing such as weld-
ing, screw fastening, or inspection at a prescribed loca-
tion.
[0023] Before going on to explain the robot control de-
vice 10 in detail, explanation follows regarding a config-
uration of the robot RB. In the present exemplary em-
bodiment, explanation is given regarding an example in
which the robot RB is a vertical articulated multi-jointed
robot. However, the present invention is also applicable
to a horizontal multi-jointed robot (SCARA robot), a par-
allel link robot, an orthogonal robot, a mobile robot, a
flying robot (drone), a humanoid robot, and the like.
[0024] Fig. 2 is a diagram illustrating a configuration of
a robot that is a vertical articulated multi-jointed robot.
[0025] As illustrated in Fig. 2, the robot RB is a six-
shaft robot with six degrees of freedom, and includes a
base link BL, links L1 to L6, and joints J1 to J6. Note that
the joints are joints that connect the links together. The
joints J1 to J6 connect the respective links together so
as to be capable of rotating with respect to each other
powered by a non-illustrated motor. Although an example
of a six- shaft robot is explained in the present exemplary
embodiment, the number of shafts is not limited to six,
and there may be any number of two or more shafts. The
number of links would also change according to the
number of shafts.
[0026] The base link BL and the link L1 are connected
together through the joint J1 that rotates in the arrow C1
direction about a vertical shaft S1, as illustrated in Fig.
2. The link L1 accordingly rotates in the arrow C1 direction
with the base link BL as the support.
[0027] The link L1 and the link L2 are connected to-
gether through the joint J2 that rotates in the arrow C2
direction about a horizontal shaft S2 in Fig. 2. Accord-
ingly, the link L2 rotates in the arrow C2 direction with
the joint J1 as the support.
[0028] The link L2 and the link L3 are connected to-
gether through the joint J3 that rotates in the arrow C3
direction about a shaft S3 in Fig. 2. The link L3 accordingly
rotates in the arrow C3 direction with the joint J2 as the
support.
[0029] The link L3 and the link L4 are connected to-
gether through the joint J4 that rotates in the arrow C4

direction about a shaft S4 in Fig. 2. The link L4 accordingly
rotates in the arrow C4 direction with the joint J3 as the
support.
[0030] The link L4 and the link L5 are connected to-
gether through the joint J5 that rotates in the arrow C5
direction about a shaft S5 in Fig. 2. The link L5 accordingly
rotates in the arrow C5 direction with the joint J4 as the
support.
[0031] The link L5 and the link L6 are connected to-
gether through the joint J6 that rotates in the arrow C6
direction about a shaft S6 in Fig. 2. The link L6 accordingly
rotates in the arrow C6 direction with the joint J5 as the
support. Note that although omitted from illustration in
Fig. 2, the robot hand H is attached to the link L6.
[0032] The joints J1 to J6 are each set with a range of
movement over a predetermined rotation angle range.
[0033] The position of fingers of the robot RB or the
pose of the robot RB are determined by the rotation an-
gles of each of the joints J1 to J6. In cases in which a
path is taught to the robot RB, angle values for the rotation
angles of each of the joints J1 to J6 are expressed as
vectors of a dimension corresponding to the number of
shafts of the robot (as six dimension vectors therefore in
the present exemplary embodiment), and these vectors
are taught in sequence as taught points. Similarly, in cas-
es in which the path is not taught but generated, way-
points for the robot RB to pass through are generated as
vectors of a dimension corresponding to the number of
shafts of the joints J1 to J6. Note that sometimes vector
data including coordinate values in an orthogonal coor-
dinate system are given as an action path instead of vec-
tor data including angle values at taught points or way-
points. In such cases, the coordinates values in the or-
thogonal coordinate system may be converted into angle
values of the joints J1 to J6 based on inverse kinematics
of the robot.
[0034] Next, explanation follows regarding the robot
control device 10.
[0035] Fig. 3 is a block diagram illustrating a hardware
configuration of the robot control device 10.
[0036] As illustrated in Fig. 3, the robot control device
10 includes a central processing unit (CPU) 11, read only
memory (ROM) 12, random access memory (RAM) 13,
storage 14, an input unit 15, a monitor 16, an optical disc
drive device 17, and a communication interface 18. The
respective configuration elements are connected togeth-
er through a bus 19 so as to be capable of communicating
with each other.
[0037] In the present exemplary embodiment, the
ROM 12 or the storage 14 is stored with a robot control
program for controlling the robot RB. The CPU 11 is a
central processing unit that executes various programs
and controls various configurations. Namely, the CPU 11
reads the program from the ROM 12 or the storage 14,
and executes the program using the RAM 13 as a work-
space. The CPU 11 controls the various configuration
elements described above and performs various arith-
metic processing according to the program recorded in
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the ROM 12 or the storage 14.
[0038] The ROM 12 is stored with various programs
and various data. The RAM 13 serves as a workspace
to temporarily store programs and data. The storage 14
is configured by a hard disk drive (HDD) or a solid state
drive (SSD), and is stored with various programs includ-
ing an operating system, and various data.
[0039] The input unit 15 includes a keyboard 151 and
a pointing device such as a mouse 152, and is used to
perform various input. The monitor 16 is, for example,
configured by a liquid crystal display, and displays vari-
ous information such as success or failure of suction of
a workpiece W. The monitor 16 may also function as the
input unit 15 if a touch panel is adopted. The optical disc
drive device 17 performs reading of data stored on var-
ious recording media (such as CD-ROMs or Blu-ray
discs) and writing of data to the recording media.
[0040] The communication interface 18 is an interface
for communicating with other devices, and may employ
a standard such as Ethernet (registered trademark), FD-
DI, or Wi-Fi (registered trademark).
[0041] Next, explanation follows regarding functional
configuration of the robot control device 10.
[0042] Fig. 4 is a block diagram illustrating an example
of functional configuration of the robot control device 10.
[0043] As illustrated in Fig. 4, functional configuration
of the robot control device 10 includes an acquisition unit
20, a setting unit 22, a path generation unit 24, and a
display control unit 26. The respective functional config-
uration elements are implemented by the CPU 11 reading
the robot control program stored in the ROM 12 or the
storage 14, expanding the robot control program in the
RAM 13, and executing the robot control program.
[0044] The acquisition unit 20 acquires pose informa-
tion, position information, obstacle information, and
specification information. These information may be ac-
quired by reading information pre-stored on the storage
14, or may be acquired from an external device.
[0045] The pose information is information related to
an initial pose and a target pose of the robot RB.
[0046] The position information is information related
to the position of the robot RB, and includes, for example,
coordinate values of a position of the robot RB in three-
dimensional space.
[0047] The obstacle information is information includ-
ing a position of obstacles present in a range to interfere
with the robot RB, namely a position of structural objects
that may obstruct an action of the robot RB, including,
for example, coordinate values of the position of an ob-
stacle in three-dimensional space. Interference here
means contacting the robot RB. In the present exemplary
embodiment, as illustrated in Fig. 5, an example will be
explained of a case in which the robot control device 10
is applied to a pick-and-place device. Examples of types
of obstacle include a box 30 for containing workpieces,
a shelf 32 for placing workpieces on, a pedestal 34 to set
the box 30 on, a pedestal 36 to set the shelf 32 on, a
camera 38 for imaging actions of the robot RB, and a

camera stand 40 that the camera 38 is attached to. More-
over, the obstacle information in the present exemplary
embodiment also includes, other than information relat-
ing to the position of the obstacle, for example, three-
dimensional shape data representing a three-dimension-
al shape and size of the obstacle or a type of the obstacle.
[0048] The specification information is information re-
lating to the specification of the robot RB including the
shape thereof. As an example in the present exemplary
embodiment, the specification information includes, as
well as the shape of each of the joints J1 to J6 of the
robot RB, information representing the specification such
as the maximum speed, maximum acceleration, maxi-
mum deceleration, an angle range of adoptable rotation
angles, and the like of each of the joints J1 to J6.
[0049] Based on the positional relationship between
the robot RB and the obstacle, the setting unit 22 sets a
clearance amount for at least one out of the robot RB or
the obstacle present inside a range of interference with
the robot RB. The clearance amount represents an
amount of clearance to avoid the interference between
the robot RB and an obstacle.
[0050] Note that a clearance amount may be set for
the robot RB overall, or separate individual clearance
amounts may be set for each joint of the joints J1 to J6.
In the present exemplary embodiment explanation fol-
lows regarding an example of a case in which separate
individual clearance amounts are set for each of the
joints.
[0051] Moreover, the clearance amounts may be set
for the robot RB alone, a clearance amount may be set
for the obstacle alone, or clearance amounts may be set
for both the robot RB and the obstacle. Moreover, in cas-
es in which there are plural obstacles present, a clear-
ance amount may be set for all the obstacles, or a clear-
ance amount may be set for only some of the obstacles.
[0052] The path generation unit 24 generates path in-
formation related to the path of the robot RB based on
the initial pose and the target pose of the robot RB, the
position of the robot RB, the position of the obstacle, the
shape of the robot, and on the clearance amounts set by
the setting unit 22. The path information is information
related to a path from the initial pose of the robot RB to
the target pose, and to the speed the robot RB moves
on the path. The path is a list of poses adopted when the
robot RB performs an action from the initial pose to the
target pose. The pose of the robot RB is determined by
the angle values of the rotation angles of the joints J1 to
J6, and so the path is configured by a list of angle values
for the rotation angles of the joints J1 to J6 at each of the
taught points or waypoints of the robot RB from the initial
pose to the target pose of the robot RB.
[0053] Moreover, the information related to speed is,
for example, a speed profile representing changes in
speed when an action of the robot RB is performed from
the initial pose to the target pose. The robot RB moves
along the path at the speed controlled so as to follow the
speed profile.
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[0054] The display control unit 26 executes various dis-
play control processing such as displaying the robot RB
and obstacles set with the clearance amounts on a mon-
itor 16 or the like.
[0055] Explanation follows regarding operation of the
robot control device 10.
[0056] Fig. 6 is a flowchart illustrating a flow of robot
control processing by the robot control device 10. The
CPU 11 reads the robot control program from the ROM
12 or the storage 14, expands the robot control program
in the RAM 13, and executes the robot control program
in order to perform the robot control processing. Note
that path generation processing is included in the robot
control processing.
[0057] The CPU 11 functions as the acquisition unit 20
to acquire the robot RB pose information, the robot RB
position information, the obstacle information related to
obstacles, and the robot RB specification information
(step S100).
[0058] For at least one out of the robot RB or an ob-
stacle present in a range of interference with the robot
RB, the CPU 11 sets separate individual clearance
amounts representing amounts of clearance to avoid in-
terference between the robot RB and obstacles (step S
102).
[0059] Explanation follows regarding a method to set
the clearance amounts.
[0060] First, for example, separate individual clear-
ance amounts may be set by a user. In such cases, for
example, the display control unit 26 displays the robot
RB on the monitor 16 based on the specification infor-
mation and also displays the obstacle on the monitor 16
based on the obstacle information. Then the user uses
the input unit 15 to input clearance amounts based on
the positional relationship between the robot RB and the
obstacle for at least one of each of the joints of the robot
RB or the obstacle. The clearance amounts can thereby
be set for at least one out of the robot RB or the obstacle.
[0061] Alternatively, for example as illustrated in Fig.
7, the clearance amounts may be set automatically ac-
cording to clearance amount setting information 50. As
illustrated in Fig. 7, the clearance amount setting infor-
mation 50 is table data representing correspondence re-
lationships between subjects of clearance setting and
clearance amounts. As illustrated in Fig. 7, the clearance
amounts are set for each of the joints J1 to J6 in the case
of the robot RB. The clearance amounts for the joints J1
to J3 that are the joints on the base side are set to 10
mm. Note that setting the clearance amount of 10 mm
for the joint J1 means that the joint J1 is enlarged by a
10 mm thickness in a direction normal to the surface
thereof.
[0062] On the other hand, the clearance amounts of
the joints J4 to J6 that are the joints on the distal side are
set to 5 mm. Namely, the clearance amounts on the distal
side are set smaller than the clearance amounts of the
joints on the base side. There is a possibility that the
joints J4 to J6 on the distal side might be thrust into the

box 30 of Fig. 5 or into a cavity portion of an obstacle
having a cavity such as the shelf 32. Thus were a large
clearance amount to be set then sometimes a pick-up of
a workpiece present in a corner of the box 30, for exam-
ple, would fail. The clearance amounts for the joints J4
to J6 on the distal side are accordingly set smaller than
the clearance amounts of the joints J1 to J3 on the base
side. Moreover, as illustrated in Fig. 7, in contrast to the
clearance amount set to 10 mm for the camera stand 40,
the clearance amounts of the box 30 and the shelf 32 are
set at 5 mm, i.e. smaller than for the camera stand 40.
In this manner, the clearance amount setting information
50 sets the clearance amounts based on the positional
relationship between the robot RB and the obstacles. The
success rate of pick-up of workpieces can thereby be
prevented from dropping.
[0063] Next, description follows regarding another
method to set the clearance amounts. First, for example,
based on the pose information of the robot RB, the robot
RB position information, the obstacle information related
to obstacles, and the robot RB specification information
acquired at step S100, the path generation unit 24 gen-
erates path information for a path from the initial pose to
the target pose and then executes a simulation of action
performed by the robot RB according to the generated
path information. The setting unit 22 may set a clearance
amount for at least one out of the robot RB or the obstacle
according to the results of simulation execution. More
specifically, joints that thrust into an obstacle having a
cavity such as the box 30 or the shelf 32 for example are
identified, and the clearance amount of joints that thrust
into an obstacle is set smaller than a clearance amount
for joints not thrust into an obstacle. Namely, the clear-
ance amounts are set based on the positional relation-
ship between the robot RB and the obstacles. Moreover,
an alternative approach that may be adopted is to gen-
erate path information by processing similar to that of
step S106 described later, to compute accelerations of
the joints based on the generated path information, and
to make clearance amounts larger in cases in which the
computed acceleration is a predetermined threshold or
greater so as to make the acceleration less than the pre-
determined threshold. The robot RB can thereby perform
an action more safely. Note that the speed of the joints
may be computed instead of the acceleration, and the
clearance amount set based on the compute speed.
[0064] The CPU 11 functions as the display control unit
26 to display the robot RB and the obstacles on the mon-
itor 16 based on the specification information and the
obstacle information acquired at step S100 (step S104).
This display is performed so as to enable awareness to
be given of the clearances set at the clearance amounts
set at step S102. Fig. 8 illustrates an example of a display
of obstacles set with clearances. In the example of Fig.
8, separate individual clearance amounts have been set
for boxes 60, 62 and for a support column 64, with regions
where the clearances have been set indicated by double-
dot broken lines. In the example illustrated in Fig. 8, the
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clearance amount for the box 60 that includes a cavity
and is for containing workpieces and the clearance
amount for the box 62 for placing workpieces on are
smaller than the clearance amount of the support column
64 lacking a cavity. Note that both the boxes 60, 62 in-
clude cavities. Thus, for example, clearance is not only
set at the outside of the box 60 as illustrated in Fig. 9A
of the box 60 as viewed from the side, but a clearance
is also set at the inside of the box 60 as illustrated in Fig.
9B of the box 60 as viewed from above.
[0065] Note that the display of obstacles may be con-
trolled so as to be differentiated according to the clear-
ance amount. For example, as illustrated in Fig. 10, the
clearance amounts of the boxes 60, 62 may be differen-
tiated by making the color of the boxes 60, 62 different
to the color of the support column 64 for a case in which
the clearance amount of the boxes 60, 62 is smaller than
the clearance amount of the support column 64. Such an
approach enables easy awareness to be given that dif-
ferent clearance amounts have been set.
[0066] Alternatively a clearance amount set for one ob-
stacle may be set the same in each instance for other
obstacles. For example as illustrated in Fig. 11, setting
may be performed such that the clearance amount set
for the support column 64 is set the same in each instance
for the boxes 60, 62.
[0067] Moreover, the setting unit 22 may receive ad-
justment coefficients to adjust clearance amount, so as
to adjust with plural clearance amounts based on the
received adjustment coefficients. For example as illus-
trated in Fig. 12A, a reception screen 70 to receive ad-
justment coefficients may be displayed on the monitor
16. In the example illustrated in Fig. 12A, the adjustment
coefficients are settable in a range of from 0 to 2 by ma-
nipulation to slide an adjustment bar 72 left or right. Note
that there is no limitation to this as the settable range for
the adjustment coefficients and any suitable setting may
be performed. When an adjustment coefficient has been
received, the setting unit 22 multiplies the clearance
amount by the adjustment coefficient, and sets the re-
sulting value as the clearance amount after adjustment.
[0068] For example, in Fig. 12A the adjustment coef-
ficient is set to "1". There is accordingly no change to
each of the clearance amounts when the clearance
amounts are set for the robot RB and the obstacles, for
example as illustrated in Fig. 7.
[0069] In Fig. 12B the adjustment coefficient is set to
"2". The clearance amount of the box as in the example
illustrated in Fig. 7 is accordingly multiplied by 2 to give
10 mm, and the clearance amount of the camera stand
is also multiplied by 2 to give 20 mm. The other clearance
amounts are also similarly multiplied by 2.
[0070] In Fig. 12C the adjustment coefficient is set to
"0.5". The clearance amount of the box as in the example
illustrated in Fig. 7 is accordingly multiplied by 0.5 to give
2.5 mm, and the clearance amount of the camera stand
is also multiplied by 0.5 to give 5 mm. The other clearance
amounts are also similarly multiplied by 0.5.

[0071] The thereby enables adjustment with plural
clearance amounts by setting the adjustment coefficient.
[0072] The CPU 11 functions as the path generation
unit 24 and, based on the pose information, position in-
formation, obstacle information, and specification infor-
mation acquired at step S100 and on the clearance
amounts set at step S102, generates path information
(step S106) related to the path and speed of the robot RB.
[0073] Various known methods may be applied as a
path generation method. Examples of methods that may
be applied as the path generation method include a rap-
idly exploring random tree (RRT), RRT∗, this being an
improved version of RRT, RRT connect, a probabilistic
roadmap method (PRM), stochastic trajectory optimiza-
tion for motion planning (STOMP), covariant Hamiltonian
optimization for motion planning (CHOMP), an explor-
ing/exploiting tree (EET), or the like.
[0074] The CPU 11 functions as the path generation
unit 24 and, based on the path information and obstacle
information generated at step S100, determines whether
or not on the path generated at step S106 the robot RB
would interfere with the obstacles (step S108). The de-
termination of interference may, for example, employ
known interference determination technology for deter-
mining interference between the robot RB and the ob-
stacle. An example of such known interference determi-
nation technology is the technology described in Japa-
nese Patent Application Laid-Open (JP-A) No.
2002-273675 and this may be employed.
[0075] Processing transitions to step S110 in cases in
which the robot RB is determined not to interfere with the
obstacles (step S108: NO). On the other hand processing
transitions to step S106 in cases in which the robot RB
would interfere with the obstacles (step S108: YES), and
a path is re-generated so that the robot RB does not
interfere with the obstacles. The processing of steps
S106 and S108 is performed repeatedly until the robot
RB no longer interferes with the obstacles.
[0076] The CPU 11 functions as the path generation
unit 24 and determines whether or not the path generated
at step S106 satisfies a predetermined path condition
(step S I 10). An example of the path condition being
satisfied is a case in which a path length of the path does
not exceed a predetermined standard path length. The
path length referred to here is a length of the path from
the initial pose to the target pose as generated at step
S106. The standard path length may, for example, be a
value computed by adding a predetermined margin to a
path length of a path taught by teaching, or may be a
value computed by adding a predetermined margin to a
path length of a path when no clearances are set. This
enables the path length to be prevented from becoming
too long.
[0077] Note that cases in which the action time for the
path does not exceed a predetermined standard action
time may be employed as case in which the path condi-
tion is satisfied. The action time of the path is the time
for the robot RB to move from the initial pose to the target
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pose along the path generated at step S106. Moreover,
the standard action time may, for example, be a value
computed by adding a predetermined margin to an action
time for a path taught by teaching, or may be a value
computed by adding a predetermined margin to an action
time for a path when no clearances are set. This enables
the action time of the robot RB to be prevented from be-
coming too long.
[0078] Moreover, the path condition being satisfied
may defined as cases in which both the path length of
the path does not exceed the standard path length and
also the action time for the path does not exceed the
standard action time.
[0079] Moreover, processing transitions to step S112
in cases in which the path generated at step S106 satis-
fies the predetermined path condition. On the other hand,
processing transitions to step S102 in cases in which the
path generated at step S106 does not satisfy the prede-
termined path condition, and the clearance amounts are
then re-set. Namely the clearance amounts are made
smaller. Then the processing of steps S102 to S110 is
performed repeatedly until the generated path length sat-
isfies the predetermined path condition.
[0080] At step S112, an action command value based
on the generated path information is output to the robot
RB. The robot RB thus performs an action according to
the path information.
[0081] Thus in the present exemplary embodiment the
clearance amounts are set separately and individually
for at least one of the robot RB or the obstacle. This en-
ables a drop in safety of robot action to be prevented
while also preventing a drop in success rate of robot ac-
tion, compared to case in which the clearance amount is
set the same in each instance.
[0082] Note that although a case has been described
in the present exemplary embodiment in which the ob-
stacle information is acquired, the obstacle information
related to obstacles such the box 30, the shelf 32, and
the like may, for example, be generated based on cap-
tured images imaged with the camera 38 illustrated in
Fig. 5. In such cases, the camera 38 may be a camera
that captures two-dimensional images, or a camera that
captures three-dimensional images.
[0083] The acquisition unit 20 acquires captured im-
ages imaged with the camera 38. The setting unit 22
generates obstacle information based on the acquired
captured images, and sets the clearance amounts based
on the generated obstacle information. The generation
of the obstacle information may employ any known tech-
nique such as template matching or the like.
[0084] Thus setting the clearance amounts based on
the obstacle information generated based on the cap-
tured images imaged by the camera 38 means that there
is no need to always prepare obstacle information in ad-
vance.
[0085] Moreover, for clearance amounts set at step
S102 of Fig. 6, the clearance amounts may be adjusted
according to at least one factor out of the weight or size

of the workpiece. For example adjustment may be per-
formed such that the clearance amount is made larger
as the weight of the workpiece gets heavier, and the
clearance amount is made smaller as the weight of the
workpiece gets lighter. Moreover, adjustment may be
performed such that the clearance amount is set larger
as the size of the workpiece gets larger, or such that the
clearance amount is made smaller as the size of the work-
piece gets smaller.
[0086] Moreover, although a case has been explained
in the present exemplary embodiment in which the robot
RB subject to control of the robot control device is an
actual device, the control subject of the robot control de-
vice may be a robot performing an action in a simulation.
[0087] The robot control processing executed by the
CPU reading software (a program) in the exemplary em-
bodiments described above may be executed by various
types of processor other than the CPU. Such processors
include programmable logic devices (PLD) that allow cir-
cuit configuration to be modified post-manufacture, such
as a field-programmable gate array (FPGA), and dedi-
cated electric circuits, these being processors including
a circuit configuration custom-designed to execute spe-
cific processing, such as an application specific integrat-
ed circuit (ASIC). The robot control processing may be
executed by any one of these various types of processor,
or by a combination of two or more of the same type or
different types of processor (such as plural FPGAs, or a
combination of a CPU and an FPGA). The hardware
structure of these various types of processors is more
specifically an electric circuit combining circuit elements
such as semiconductor elements.
[0088] Moreover, although the robot control program
is pre-stored (pre-installed) in the storage 14 or the ROM
12 in the exemplary embodiments described above,
there is no limitation thereto. This program may be pro-
vided in a format recorded on a recording medium such
as compact disc read only memory (CD-ROM), digital
versatile disc read only memory (DVD-ROM), or univer-
sal serial bus (USB) memory. Alternatively, the program
may be provided in a format downloadable from an ex-
ternal device over a network.

Explanation of the Reference Numerals

[0089]

10 robot control device
20 acquisition unit
22 setting unit
24 path generation unit
26 display control unit
30, 60, 62 box
32 shelf
38 camera
40 camera stand
50 clearance amount setting information
64 support column
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70 reception screen
72 adjustment bar

Claims

1. A path generation device, comprising:

an acquisition unit configured to acquire pose
information relating to an initial pose and a target
pose of a robot, position information relating to
a position of the robot, obstacle information in-
cluding a position of an obstacle present in a
range of interference with the robot, and speci-
fication information relating to a specification in-
cluding a shape of the robot;
a setting unit configured to, based on a positional
relationship between the robot and the obstacle,
set a clearance amount representing an amount
of clearance to avoid interference for at least
one of the robot or the obstacle; and
a path generation unit configured to generate
path information related to a path of the robot
based on the initial pose and the target pose of
the robot, the position of the robot, the position
of the obstacle, the shape of the robot, and the
clearance amount set by the setting unit.

2. The path generation device of claim 1, wherein, in a
case in which the path generated by the path gen-
eration unit does not satisfy a predetermined path
condition:

the setting unit reduces the clearance amount;
and
the path generation unit re-generates the path
information based on the initial pose and the tar-
get pose of the robot, the position of the robot,
the position of the obstacle, the shape of the
robot, and the clearance amount set by the set-
ting unit.

3. The path generation device of claim 1 or claim 2,
wherein, in a case in which the obstacle includes a
cavity and the obstacle is for containing a workpiece
subject to manipulation by the robot or for placing
the workpiece on, the setting unit sets a smaller
clearance amount than a clearance amount for an
obstacle not including a cavity.

4. The path generation device of any one of claim 1 to
claim 3, wherein the setting unit computes a speed
or acceleration of a joint of the robot based on the
path information, and in a case in which the comput-
ed speed or acceleration of the joint of the robot is
a predetermined threshold or higher, increases the
clearance amount such that the speed or accelera-
tion becomes less than the predetermined threshold.

5. The path generation device of any one of claim 1 to
claim 4, wherein the setting unit receives an adjust-
ment coefficient to adjust the clearance amount, and
adjusts a plurality of the clearance amounts based
on the received adjustment coefficient.

6. The path generation device of any one of claim 1 to
claim 5, further comprising a display control unit con-
figured to effect control so as to differentiate a display
of the obstacle in accordance with the clearance
amount.

7. A path generation method in which a computer ex-
ecutes processing comprising:

an acquisition process of acquiring pose infor-
mation relating to an initial pose and a target
pose of a robot, position information relating to
a position of the robot, obstacle information in-
cluding a position of an obstacle present in a
range of interference with the robot, and speci-
fication information relating to a specification in-
cluding a shape of the robot;
a setting process of, based on a positional rela-
tionship between the robot and the obstacle, set-
ting a clearance amount representing an
amount of clearance to avoid interference for at
least one of the robot or the obstacle; and
a path generation process of generating path
information related to a path of the robot based
on the initial pose and the target pose of the
robot, the position of the robot, the position of
the obstacle, the shape of the robot, and the
clearance amount set by the setting process.

8. A path generation program executable by a compu-
ter to function as:

an acquisition unit that acquires pose informa-
tion relating to an initial pose and a target pose
of a robot, position information relating to a po-
sition of the robot, obstacle information including
a position of an obstacle present in a range of
interference with the robot, and specification in-
formation relating to a specification including a
shape of the robot;
a setting unit that, based on a positional rela-
tionship between the robot and the obstacle,
sets a clearance amount representing an
amount of clearance to avoid interference for at
least one of the robot or the obstacle; and
a path generation unit that generates path infor-
mation related to a path of the robot based on
the initial pose and the target pose of the robot,
the position of the robot, the position of the ob-
stacle, the shape of the robot, and the clearance
amount set by the setting unit.
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