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Description

Technical Field

[0001] The present invention relates to an information processing apparatus and a method for controlling the same
for setting an arrangement of components for a robot system equipped with an imaging unit.

Background Art

[0002] In recent years and in a manufacturing site such as a factory, a robot system equipped with a robot arm often
does work instead of a human. The work that the robot system can do has been complicated and sophisticated. For
example, the robot system equipped with an imaging camera acquires a captured image of an object to be worked such
as a manufactured component and analyzes the captured image, thereby allowing the robot arm to be moved to a
position suitable for the work.
[0003] In the above robot system, if the field of view of the imaging camera is obstructed by an obstacle such as a
work table, a necessary image cannot be captured to preclude the robot system from doing a proper work. Therefore,
in the robot system doing a complicated work, it is required to arrange structural members such as the robot arm, the
imaging camera, and the object to be worked in an appropriate position.
[0004] Japanese Patent Application Laid-Open No. 2008-21092 discusses a robot system equipped with an imaging
camera which acquires a virtual space image (computer graphics image) imitating an image captured by the imaging
camera. The virtual space image is visually confirmed by an operator and the operator arranges the imaging camera in
a proper position.
[0005] In the technique discussed in Japanese Patent Application Laid-Open No. 2008-21092, however, the operator
visually confirms the virtual space image, so that degree of freedom of arrangement of the structural member is high to
increase a burden to the operator when a complicated and manifold work is done. For example, if it is assumed that a
lighting system has 20 patterns of lighting directions and 10 candidates for a lighting position, and an imaging camera
has 20 patterns of imaging directions and 10 candidates for an imaging position. In this case, the operator has to confirm
20 * 20 * 10 * 10 = 40000 combinations of the virtual space images to find the arrangement most suitable for the work,
which makes it very difficult for the operator to visually confirm the images. The more complicated the robot system, the
greater the number of the virtual space images to be confirmed and the burden to the operator.

Citation List

Patent Literature

[0006] PTL 1: Japanese Patent Application Laid-Open No. 2008-21092

Summary of Invention

[0007] The present invention has been made in consideration of the above situation, and has as its object to solve
the above problems, reduce a burden to an operator, and properly arrange structural members of a complicated robot
system.
[0008] According to the present invention, the foregoing object is attained by providing information processing appa-
ratus including an imaging unit and capable of setting arrangement of a structural member of a robot system which works
based on an image captured by the imaging unit, the information processing apparatus including an arrangement unit
configured to arrange a virtual object corresponding to the structural member in a virtual space corresponding to a
working space of the robot system, a first acquisition unit configured to acquire a virtual space image in the virtual space
which corresponds to the captured image and in which the virtual object is arranged, and a second acquisition unit
configured to acquire an evaluation value indicating adaptation of arrangement of the virtual object to the work of the
robot system based on the virtual space image.
[0009] Further features and aspects of the present invention will become apparent from the following detailed descrip-
tion of exemplary embodiments with reference to the attached drawings.

Brief Description of Drawings

[0010] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the invention and, together with the description, serve to explain the
principles of the invention.
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[0011]

[fig.1]Fig. 1 illustrates an example of a configuration of a robot system according to a first exemplary embodiment.
[fig.2]Fig. 2 illustrates information processing executed by the robot system according to the first exemplary embod-
iment.
[fig.3]Fig. 3 illustrates directions that a lighting system according to the first exemplary embodiment can select.
[fig.4]Fig. 4 illustrates directions that an imaging unit according to the first exemplary embodiment can select.
[fig.5]Fig. 5 illustrates positions where the lighting system according to the first exemplary embodiment can be
arranged.
[fig.6]Fig. 6 illustrates positions where the imaging unit according to the first exemplary embodiment can be arranged.
[fig.7]Fig. 7 is a schematic diagram illustrating a positional relationship between the imaging unit and an object to
be worked.
[fig.8]Fig. 8 illustrates an example of a virtual image according to the first exemplary embodiment.
[fig.9]Fig. 9 illustrates an example of a region recognized as an object to be worked in a recognition process.
[fig.10]Fig. 10 illustrates an example of three-dimensional computer-aided design system (CAD) data of an object
to be worked.
[fig.11]Fig. 11 illustrates an example of a shape of an object to be worked according to a second exemplary em-
bodiment.
[fig.12]Fig. 12 illustrates a degree of freedom in directions of a lighting system according to the second exemplary
embodiment.
[fig.13]Fig. 13 illustrates a degree of freedom in direction of an imaging unit according to the second exemplary
embodiment.
[fig.14]Fig. 14 illustrates a degree of freedom in positions of the lighting system according to the second exemplary
embodiment.
[fig.15]Fig. 15 illustrates a degree of freedom in positions of the imaging unit according to the second exemplary
embodiment.
[fig.16]Fig. 16 illustrates an example of limitations on an arrangement of a virtual object according to a user’s
instruction.
[fig.17]Fig. 17 illustrates an example of a configuration of a robot system according to a third exemplary embodiment.
[fig.18]Fig. 18 illustrates an example of a graphical user interface in a step 1.
[fig.19]Fig. 19 illustrates an example of a graphical user interface in a step 2.
[fig.20]Fig. 20 illustrates an example of a graphical user interface in a step 3.
[fig.21]Fig. 21 illustrates an example of a graphical user interface according to a fifth exemplary embodiment.
[fig.22]Fig. 22 illustrates an example of a graphical user interface in a step 4.
[fig.23]Fig. 23 illustrates an example of a graphical user interface of warnings according to the fifth exemplary
embodiment.

Description of Embodiments

[0012] Various exemplary embodiments, features, and aspects of the invention will be described in detail below with
reference to the drawings.

Configuration of a Robot System according to a First Exemplary Embodiment

[0013] Fig. 1 illustrates a configuration of a robot system according to a first exemplary embodiment. In a work area
200, an object to be worked (a component) is assembled by a robot arm in a production line. An area frame 12 covers
a part or all of the work area 200 with a transparent component such as reinforced plastics. A structural member 100 of
the robot system according to the present exemplary embodiment includes the followings.
[0014] A robot arm 11 grips and processes an object to be worked. The robot arm 11 has a plurality of joints, so that
the robot arm 11 can take various positions and orientations. An imaging unit 9 is arranged on the robot arm 11. The
imaging unit 9 may include a video camera for detecting visible light to acquire a captured image. A lighting system 10
illuminates an object to be worked. The lighting system 10 may include a light which can emit illumination light and can
adjust the type, strength, and pattern of the illumination light. The lighting system 10 includes an actuator 19 to enable
changing an illumination direction of the illumination light.
[0015] A holding device 16 which can hold the lighting system 10 includes a plurality of actuators 19 and can change
the illumination direction of the lighting system 10. A holding device 15 connects the robot arm 11 to the imaging unit 9.
The holding device 15 includes an actuator 20 and can change the orientation of the imaging unit 9 with respect to the
robot arm 11. The above described components are collectively referred to as a structural member 100 of the robot
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system according to the present exemplary embodiment.
[0016] A control unit 18 is connected to the structural member 100 of the robot system and controls operations of
respective components. The control unit 18 includes a central processing unit (CPU), a random access memory (RAM),
and a read-only memory (ROM) storing operation programs and various data pieces. The control unit 18 functions as
an information processing apparatus for setting the arrangement of the structural member 100 of the robot system based
on information stored in the ROM about the structural member 100 of the robot system. The information processing is
described in detail below.
[0017] Further, the control unit 18 controls the illumination light and orientation of the lighting system 10, the image
processing of images acquired by the imaging unit 9, and the operation of the robot arm 11 according to procedures
described in the computer program stored in the ROM. For example, the control unit 18 extracts an object to be worked
17 from a captured image acquired by the imaging unit 9 and transmits a control signal for gripping and processing the
object to be worked 17 to the robot arm 11 based on the extraction result.
[0018] An object yet to be worked is placed on a conveying apparatus 13. A work table 14 is used for tasks such as
gripping, processing, and assembling of the object to be worked. The object to be worked 17 is subjected to gripping,
processing, and assembling by the robot arm 11. As illustrated in Fig. 1, the object to be worked 17 may include
components such as screws and others. A light arrangement possible area 21 is an area in which the lighting system
10 can be arranged. An imaging arrangement possible area 22 is an area in which the imaging unit 9 can be arranged.

Information Processing

[0019] Fig. 2 illustrates the information processing executed by the robot system according to the present exemplary
embodiment. The information processing in Fig. 2 is the processing for setting appropriate arrangement parameters of
each of the structural member 100 of the robot system according to the present exemplary embodiment. The information
processing executed by the robot system according to the present exemplary embodiment is described below with
reference to Fig. 2. The information processing illustrated in Fig. 2 is executed by the control unit 18.

Step 1: Setting Type and Physical Characteristics of an Object to be Recognized and Measured

[0020] In the step 1 in which the type and the physical characteristics of an object to be recognized and measured
are set, the information about the type and the physical characteristics of an object to be recognized and measured in
the system according to the present exemplary embodiment is set.
[0021] The object to be recognized and measured according to the present exemplary embodiment is the object to
be worked 17. The physical characteristic includes a shape, rigidity, and optical characteristic of an object, for example.
The shape of the object is a shape model such as three-dimensional CAD data. The rigidity of the object is Young’s
modulus and vibration damping characteristics. The optical characteristic of the object may be bidirectional reflectance
distribution function (BRDF), bidirectional transmittance distribution function (BTDF), and bidirectional scattering distri-
bution function (BSDF).
[0022] The setting in the step 1 is performed such that the control unit 18 reads the data previously recorded in a
database. Alternatively, the control unit 18 may perform the setting by receiving an input from a user.

Step 2: Setting Characteristics Information about System Components

[0023] In the step 2 in which characteristics information about system components is set, the characteristics information
about the system components included in a recognition and measurement control system is set.
[0024] The system components according to the present exemplary embodiment include the imaging unit 9, the lighting
system 10, and the robot arm 11. For example, the characteristics information about the imaging unit 9 may include a
focal length, a size of an image sensor, and the like. The characteristics information about the lighting system 10 may
include the type of the illumination light, lighting strength, and an illuminating pattern. The characteristics information
about the robot arm 11 may include shape data and an operation dynamic model. The characteristics information about
the conveying apparatus 13 on which the object to be worked is placed and about the work table 14 on which the object
to be worked is assembled may be set.
[0025] The characteristics information about the components has been prepared as a database for each manufacturer
and type of the component. The characteristics information about each component may be set by a user specifying a
manufacturer and a type thereof.
[0026] The setting in the step 2 is performed such that the control unit 18 reads the data previously recorded in the
database as is the case with the step 1. Alternatively, the control unit 18 may perform the setting by receiving an input
from a user. In the step 2, the number of each of the system components may be set.
[0027] As illustrated in Fig. 2, the recognition and measurement control system according to the present exemplary
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embodiment includes one camera, one robot arm, and one lighting system, so that the number of each of the system
components are set to be one in the step 2.

Step 3: Setting Parameters Related to Conditions for Arranging System Components

[0028] In the step 3 in which parameters related to conditions for arranging the system components are set, the
conditions for a position and an orientation for arranging each system component. Objects to be set according to the
present exemplary embodiment are the robot arm 11, the imaging unit 9, and the lighting system 10.
[0029] The position where the robot arm 11 is arranged in the work area 200 is set. In the present exemplary embod-
iment, the robot arm 11 arranged in the work area 200 is referred by a global coordinate system.
[0030] The position where the lighting system 10 is arranged in the work area 200 is set. As described above, the
lighting system 10 is arranged in the light arrangement possible area 21. The illumination direction of the lighting system
10 can be changed by the actuator 19.
[0031] The position where the imaging unit 9 is arranged on the robot arm is set. As described above, the imaging
unit 9 is arranged in the imaging arrangement possible area 22. The image capturing direction of the imaging unit 9 can
be changed by the actuator 20. In the present exemplary embodiment, the imaging unit 9 is arranged on the robot arm
which is a movable object, so that the imaging unit 9 is referred by a local coordinate system.

Step 4: Setting Contents of Task Process

[0032] In the step 4 in which contents of a task process are set, contents of a process of a task executed based on
recognition and measurement results are set. In the present exemplary embodiment, information about the operation
of an assembly process of the robot arm 11 is set.
[0033] As the information about the operation of the assembly process, information about the position and operation
of the robot arm 11 when gripping the object to be worked 17 in the work area 200 is set. Further, information about the
position and operation of the robot arm 11 when executing an operation of assembling the object to be worked 17 in the
work area 200 is set. Generally, information about the operation of the task process is information about the coordinates
of positions traced by the robot arm 11 and an operation speed of the robot arm 11.
[0034] As described in the step 2, since the robot arm 11 already has the operation dynamic model determined by the
type of the robot arm 11, a locus of operation of the robot arm 11 at the time of executing the assembly process described
below can be calculated.
[0035] As another example, a typical task process model is previously set and the corresponding task process model
(the assembly of the object to be worked 17 according to the present exemplary embodiment) is selected, thereafter,
positions where a component is supplied and assembled may be specified.
[0036] In this case, the locus of operation traced by the robot arm 11 is set in advance for each typical task process.
The operation of the robot arm 11 is determined according to the positions where a component is supplied and assembled.
[0037] The processes in the above steps 1 to 4 are performed to acquire the conditions for virtually setting the structural
member 100 of the robot system. In the step 4, a virtual space image in which each of the structural member 100 of the
robot system is virtually set is generated by the conditions acquired in the steps 1 to 4.
[0038] In the present exemplary embodiment, each of the structural member 100 of the robot system generated by
computer graphics (a virtual object) is arranged to a virtual space corresponding to a work space. The control unit 18
functions as a first acquisition unit configured to acquire a virtual space image and generates, as a virtual space image,
the computer graphics image imitating an image acquired by the imaging unit 9 capturing the work space.
[0039] As described above, according to the present exemplary embodiment, the directions of the lighting system 10
and the imaging unit 9 can be changed. In the present exemplary embodiment, as illustrated in Fig. 3, the lighting system
10 can select 20 different directions. As illustrated in Fig. 4, the imaging unit 9 can select 20 different directions. As
illustrated in Fig. 5, the lighting system 10 can be arranged in 10 different positions. As illustrated in Fig. 6, the imaging
unit 9 can be arranged in 10 different positions.
[0040] The following equation (1) gives 40000 combinations to allow generating 40000 different virtual space images.

[0041] In the present exemplary embodiment, however, the above equation does not consider the operation of the
task process in the step 4. In the case where the operation of the task process is taken into consideration, if the robot
arm 11 can be moved to 100 different positions, 100 different virtual space images are acquired for each of the 40000
different virtual space images. A method for generating the virtual space image is described in detail below.
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Step 5: Setting Conditions for Evaluation Values

[0042] In the step 5 in which conditions for an evaluation value are set, a reference of an evaluation value by which
the virtual space image generated in the step 4 is evaluated is set. The evaluation value according to the present
exemplary embodiment is calculated for each virtual space image generated in the step 4. The evaluation value is
calculated by a combination of a contrast value, an obstruction ratio, recognition reliability, and measurement reliability,
and indicates the adaptability of arrangement of the virtual object to the work of the robot system. This means that the
higher the evaluation value, the easier the robot system according to the present exemplary embodiment can work.
[0043] A method for calculating a contrast value, an obstruction ratio, recognition reliability, and measurement reliability
is described below. In the step 5, determination whether to adopt each of the contrast value, the obstruction ratio, the
recognition reliability, and the measurement reliability as the evaluation value or weighting to each evaluation value is
set based on an instruction of a user.
[0044] A plurality of references indicating whether to adopt each of evaluation values can be previously set and the
user may select a desired reference from among the plurality of references. In either case, the reference has only to
enable determining whether each of the structural member 100 of the robot system is appropriately arranged.
[0045] In the present exemplary embodiment, the evaluation value indicates that the higher the evaluation value, the
more suitable arrangement can be acquired in the case in which the robot arm 11 works on the object to be worked 17.

Step 6: Calculating Predetermined Evaluation Values

[0046] In the step 6 in which the evaluation value is calculated, the control unit 18 functions as a second acquisition
unit configured to acquire the evaluation value indicating the adaptability of arrangement of the virtual space image and
calculates the evaluation value of each of the virtual space images generated in the step 4. The evaluation value to be
calculated is based on the reference set in the step 5. As described above, if the 40000 different virtual space images
are generated, 40000 different evaluation values are calculated.
[0047] If the operation of the task process is taken into consideration, as described above, 100 different virtual space
images are acquired for each of the 40000 different virtual space images. In this case, the above evaluation value is a
mean value of evaluation values of 100 virtual space images, for example. The calculation of the mean value enables
detecting arrangement suited for the work of the robot system throughout the entire task process.

Step 7: Setting Arrangement Parameters for Predetermined System Components

[0048] In the step 7, an appropriate arrangement parameter for the system component is set based on the calculation
result in the step 6. The appropriate arrangement parameter is the one that indicates the arrangement of the system
component in which the robot arm 11 can perform an appropriate work on the object to be worked 17, for example. As
described above, the evaluation value highest in the evaluation values calculated in the step 6 is selected and the
arrangement parameter corresponding to the virtual space image having the evaluation value is set. In addition to the
highest evaluation value, a plurality of arrangement parameters may be set in descending order of the evaluation values.
[0049] In the case where the evaluation value has a positive value or a negative value, there is a method for comparing
the evaluation value with a reference value as a method for detecting an optimum value. For example, the ratio of the
evaluation value to the reference value is calculated and the mean value of the ratios being the closest to one is taken
as an optimum value.

Step 8: Presenting Arrangement parameters

[0050] In the step 8 in which the arrangement parameter is presented to the user, the arrangement parameter of the
system component set in the step 7 is presented to the user. Any method for informing the user using a display or a
voice, for example, may be used as a method for presenting the parameter to the user.
[0051] The user can arrange the structural member 100 of the robot system in an appropriate position in a real space
using the presented arrangement parameter.
[0052] As described above, the information processing of the control unit 18 according to the present exemplary
embodiment is performed. According to the above information processing, the user can obtain the arrangement parameter
capable of causing the robot arm 11 to perform a more appropriate work. Even in a robot system in which high degree
of freedom of arrangement of the structural member makes it difficult to obtain appropriate arrangement of the structural
member, it is possible to easily obtain the arrangement parameter of the structural member more suitable for the work
of the robot system.
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Method for Generating a Virtual Space Image

[0053] A method for generating a virtual space image in the step 4 is described below. A positional relationship between
the imaging unit 9 and the object to be worked 17 in a three-dimensional model can be schematically illustrated in Fig. 7.
[0054] Fig. 7 illustrates a positional relationship among a lens 23 of a camera 9 (the imaging unit 9), an image sensor
24 of the camera, and the object to be worked 17. In Fig. 7, there is a distance S between the object to be worked 17
and the lens 23 of the camera 9. A focal length f denotes a distance between the lens 23 and the image sensor 24 of
the camera 9. A width W and a height H represent a horizontal width and a vertical height of an imaging region respectively.
A width w and a height h represent a horizontal width and a vertical height the imaging sensor 24 respectively.
[0055] At this point, the parameters satisfy the following equation (2), so that the width W and the height H of the
imaging region supposedly captured by the imaging unit 9 can be calculated.

[0056] As described above, the lighting strength, the type of the illumination light, and an illuminating pattern have
been determined as a lighting environment for the object to be worked 17. Further, BRDF, BTDF, and BSDF have been
determined for the object to be worked 17. Thus, the virtual space image including an influence of lighting in the above
imaging region can be generated using a general virtual model.
[0057] A background object and an obstacle except the object to be worked 17 included in the virtual space image
can also be calculated as estimated images from a relationship among the focal length of the imaging unit 9, a distance
between the lens 23 of the imaging unit 9 and an object, and the distance between the imaging sensor 24 and the lens 23.
[0058] Patterned light is illuminated by the lighting system 10 in an assembly position. The estimated image includes
patterned light 25.
[0059] The above described method for generating a virtual image supposedly captured by the imaging unit 9 is
presumed to use a conventional technique, so that a technique other than the above technique may be used. A large
number of methods has also been discussed for generating an image captured at any view point from a three-dimensional
model.

A Method for Calculating Contrast Value, Obstruction Ratio, Recognition Reliability and Measurement Reliability

[0060] A method for calculating a contrast value, an obstruction ratio, recognition reliability, and measurement reliability
in the step 6 is described below.

Recognition Reliability

[0061] A method for calculating the recognition reliability according to the present exemplary embodiment is described
below. In the present exemplary embodiment, a correlation coefficient obtained by calculating a correlation between a
two-dimensional model and the virtual space image generated from the three-dimensional CAD data of the object to be
worked 17 is used as the recognition reliability. If the correlation coefficient exceeds a predetermined value, for example,
it can be determined that an object on the image is an object to be recognized. A method using a correlation coefficient
is generally referred to as a pattern matching method. The recognition reliability may be calculated using a method other
than the pattern matching method.
[0062] For example, a method has been known in which a predetermined feature quantity (for example, histogram of
oriented gradient (HOG) or scale invariant feature transform (SIFT)) is calculated from an image and a determination is
executed for the feature quantity using a discriminator such as a support vector machine (SVM). In this case, the
recognition reliability is represented by a discriminant function output value such as the support vector machine (SVM).
Since the support vector machine (SVM) is a generally known method, the description thereof is omitted.

Measurement Reliability

[0063] The measurement reliability according to the present exemplary embodiment is represented by a correlation
coefficient in the correlation calculation of a pattern matching process in performing a measurement process. The
measurement process means the process for measuring the position and orientation of the object to be worked 17 from
the image captured by the imaging unit 9 in the assembly position.
[0064] In the present exemplary embodiment, a three-dimensional measurement method using patterned light illumi-
nation is supposed as a measurement process method. In the three-dimensional measurement method using patterned
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light illumination, if a relative position among the object to be worked 17, the imaging unit 9, and the lighting system 10
is set, the virtual space image can be generated.
[0065] The virtual space image corresponding to the image captured by illuminating the patterned light is subjected
to the pattern matching process using feature extraction and correlation calculation corresponding to an illuminated light
pattern to calculate information about a two-dimensional position of a pattern on the image. Further, the information can
be converted to spatial position information based on a relative position among the object to be worked 17, the imaging
unit 9, and the patterned light illumination.
[0066] As illustrated in Fig. 6, a spot (each dot of illuminated light pattern) to be measured is positioned in an intersection
of a projection straight line "si" extending from the lighting system 10 and a straight line "P" extending from the position
of the camera 9.
[0067] Thus, if a geometric positional relationship between the straight lines is known, a spatial point Mi = [xw, yw, zw]

t can be acquired from an image point mi = [Xv, Yv]t on a surface of the image captured by the imaging unit 9. The
subscript "i" denotes each projection spot number. The projection straight line from the lighting system 10 to an object
to be measured is represented by the following equation (3).
[Math.1] 

[0068] Where, "c" is the center coordinates of the lighting system 10, "si" is a gradient of each spot, and "coi" is the
offset coordinate of each spot. Further, "Np" represents the total number of projection spots and delta indicates a pa-
rameter.
[0069] Geometric constraint related to an imaging system is expressed by the following equation (4).

[0070] The equation (4) shows that a spatial point M’i = [Mti, 1]t of a spot "i" is represented by the product of a perspective
projection matrix "P" and an image point m’i = [mti, 1]t. Where, "w" is a constant which is not zero.
[0071] Where, c, si, and P are known parameters and mi is observation data, i.e., it corresponds to a spot position
acquired as an image. The observation data mi can be calculated as two-dimensional position information on an image
by executing the pattern matching process in which the image data on which patterned light is projected is subjected to
the feature extraction and the correlation calculation corresponding to the projected spot pattern to calculate a correlation
coefficient.
[0072] A method other than the feature extraction and the pattern matching process may be used as a method for
calculating position information about the spot pattern from image data.
[0073] As a result of the above description, the three-dimensional position data including information about a depth
distance in a patterned light illumination position can be calculated as the spatial point Mi from the above equations (3)
and (4). It is determined in advance that each of the observation data mi corresponds to which illumination spot.

Method for Calculating a Contrast Value

[0074] A method for calculating the contrast value according to the present exemplary embodiment is described below.
The contrast value according to the present exemplary embodiment is defined by the following equation (5):

[0075] Where, Lmax and Lmin represent a maximum value and a minimum value of luminance values of an image
respectively.
[0076] In general, if the contrast value of an image is excessively low or high, the reliability of the above recognition
process and the measurement process tends to lower. In the present exemplary embodiment, the contrast calculated
in the step 6 is expressed by the contrast value.

Method for Calculating an Obstruction Ratio

[0077] A method for calculating the obstruction ratio according to the present exemplary embodiment is described
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below. In the step 6, a ratio of an invisible region obstructed by another object to a region of the object to be recognized
and measured in the generated virtual image is calculated. In order to calculate the ratio of the invisible region due to
obstruction, first, the region recognized as the object to be worked in the above recognition process is extracted from
the virtual image illustrated in Fig. 8. Fig. 9 illustrates the extracted region.
[0078] Then, a correlation coefficient is obtained by calculating again a correlation between a two-dimensional model
generated from the three-dimensional CAD data of the corresponding object to be worked illustrated in Fig. 10 and the
virtual image in the extracted region in Fig. 9.
[0079] More specifically, the virtual image illustrated in Fig. 9 includes a part of the component which is partially
obstructed by the robot arm 11, so that a correlation coefficient lowers than that in the case where obstruction is not
caused. In the present exemplary embodiment, the obstruction ratio calculated in the step 6 is represented by the
correlation coefficient. A method for calculating the ratio of the invisible region due to obstruction is not limited to the above.
[0080] A second exemplary embodiment is described below. The present exemplary embodiment is different from the
first exemplary embodiment in that a range (a degree of freedom) within which a virtual object is arranged is limited. In
the first exemplary embodiment, 40000 different virtual space images are generated for the arrangement of a virtual
object. In the present exemplary embodiment, the control unit 18 functions as a limitation unit configured to limit a range
within which the virtual object is arranged.
[0081] It may take much time for the control unit 18 to calculate an evaluation value for each virtual space image. For
this reason, the present exemplary embodiment aims to reduce time consumed by the control unit 18 for calculation
such that a range within which the virtual object is arranged is limited to reduce the number of the virtual space images
to be generated. A method is described more specifically below.

Limitation according to a Shape of the Object to be Worked 17

[0082] For example, if the object to be worked 17 has a concave shape and a region to be three-dimensionally measured
is a concave (a tinted area) as illustrated in Fig. 11, a range within which the virtual object of the robot system is arranged
can be limited.
[0083] The position and direction of the lighting system 10 for the three-dimensional measurement process by the
patterned light illumination and the position and direction of the imaging unit 9 are limited to the position where the
concave region can be illuminated and captured. It is assumed that the object to be worked 17 illustrated in Fig. 11 has
a cone shape and an open bottom surface, and the inside of the conic surface (the tinted area) needs to be three-
dimensionally measured.
[0084] In this case, although 20 different parameters, for example, are set for the direction of each of the lighting
system 10 and the imaging unit 9 in the first exemplary embodiment, the parameters in the present exemplary embodiment
may be limited to 10 different degrees of freedom as illustrated in Figs. 12 and 13. Although 10 different parameters are
set for the direction of each of the lighting system 10 and the imaging unit 9 with respect to the robot arm 11 in a certain
region in the first exemplary embodiment, the parameters in the present exemplary embodiment may be limited to 5
different degrees of freedom as illustrated in Figs. 14 and 15. As a result, the degree of freedom of the evaluation value
according to the present exemplary embodiment is limited to the degree of freedom represented by the following equation
(6).

[0085] Accordingly, the time required for calculating the evaluation value can be reduced in the step 6. In the reduction
of the above search degree of freedom, the number of patterns of the setting parameters related to the setting position
and direction of the effective system components for an object in a concave shape may be previously created as a
reference table. The search degree of freedom may be automatically reduced according to the input of the shape of the
object in the step 1.
[0086] For example, a combination of the arrangement parameters of the lighting system and the imaging unit which
can neither illuminate the concave shape nor capture an image of the concave shape is excluded from the reference
table to allow the search degree of freedom to be automatically reduced.
[0087] Alternatively, the number of patterns of the arrangement parameters related to the arrangement position and
direction of the system components may be limited based on the optical characteristics of the object to be worked 17
input in the step 1.
[0088] If the object to be worked 17 is a transparent body, the position and direction of the lighting system 10 for the
three-dimensional measurement process by the patterned light illumination and the position and direction of the imaging
unit 9 are limited according to the BTDF and the BSDF input in the step 1.
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[0089] Although 20 different parameters are set for the direction of each of the lighting system 10 and the camera 9,
for example, in the first exemplary embodiment, the parameters are limited to 5 different degrees of freedom in the
present exemplary embodiment. Although 10 different parameters are set for the position of each of the lighting system
10 and the imaging unit 9 with respect to the robot arm 11 in the first exemplary embodiment, the parameters are limited
to 3 different degrees of freedom in the present exemplary embodiment. As a result, the search degree of freedom of
the evaluation value according to the present exemplary embodiment is limited to the degree of freedom represented
by the following equation (7).

[0090] Accordingly, the time required for calculating the evaluation value can be reduced in the step 6.
[0091] In the reduction of the above search degree of freedom, the number of patterns of the setting parameters related
to the setting position and direction of the effective system components corresponding to the BTDF and the BSDF may
be previously created as a reference table. The search degree of freedom may be automatically reduced according to
the information about the optical characteristics of an object input in the step 1.
[0092] In the case of a transparent body such as a lens, for example, a combination of the setting parameters of the
lighting system and the imaging unit in the case where the BTDF is equal to or less than a predetermined value is
excluded from the reference table to allow the search degree of freedom to be automatically reduced.
[0093] As described above, the evaluation method in the recognition and measurement control system according to
the present exemplary embodiment enables reduction of the time required for calculating the evaluation value by limiting
the search degree of freedom corresponding to the combination of the setting parameters in calculating the evaluation
value.

Limitation of a Range within which Other Virtual Objects are Arranged

[0094] As a method for limiting a range within which a virtual object is arranged, the following method may be used.
For example, the arrangement of a virtual object obviously unsuitable for the work of the robot system is eliminated
based on an instruction input by a user who operates the robot system. Fig. 16 illustrates limitations on the arrangement
of a virtual object according to the user’s instruction.
[0095] In Fig. 16, a display unit 35 displays the position or the arrangement of the virtual object to the user with using
an image. The display unit 35 may be a general monitor. An instruction apparatus 300 transmits the user’s instruction
for the arrangement of the virtual object to the control unit 18. The instruction apparatus 300 may include a unit similar
to a general personal computer. If the user issues an instruction to delete the arrangement and the direction of an
unnecessary virtual object via an input unit such as a mouse, the instruction apparatus 300 transmits the deletion
instruction to the control unit 18. The instruction apparatus 300 may cause the monitor 35 to display information about
arrangement and direction of the instruction apparatus 300 after the deletion processing.
[0096] As another method for limiting a range within which a virtual object is arranged, there exists a method for
detecting that the structural member of the robot system is updated. In this case, the control unit 18 functions as a
detection unit configured to detect that the structural member of the robot system is deleted or added, generates a virtual
space image only in the changed range, and calculates an evaluation value. The range within which the virtual object
is arranged is limited based on the update of the structural member of the robot system, thus a more effective robot
system can be constructed.

Addition of a Screen Device

[0097] A third exemplary embodiment is different from the first and second exemplary embodiments in that a screen
device is added as a system configuration to be input in the step 2. Further, a designation of where the screen device
is set in the work area of a robot cell is added to the conditions for arranging the system components to be input in the step 3.
[0098] As illustrated in Fig. 17, a setting position of a screen device 26 in the area frame 12 in the work area 200 is
specified by a certain range.
[0099] In the present exemplary embodiment, the setting position is specified by a certain range 31 indicated by a
shaded area illustrated in Fig. 17. At this point, the screen device 26 is held with a holding apparatus 27 having a
predetermined movable range in the work area 200. The holding apparatus 27 includes an actuator 28, and the direction
of the screen device 26 is controlled by the robot system.
[0100] Setting positions and directions of the screen device 26 to be set in the work area 200 via the holding apparatus
27 are added as setting parameters of the system component with a plurality of patterns in calculating an evaluation
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value in the step 6.
[0101] Accordingly, in the present exemplary embodiment, only the point that is different in the evaluation method of
the robot system from the first exemplary embodiment is described below. The description of other points similar to the
first exemplary embodiment is omitted herein.
[0102] In the present exemplary embodiment, it is supposed that a component with a mirror surface 29 and a component
composed of a transparent body 30 are taken as the object to be worked 17. For example, in the case where the three-
dimensional measurement method using patterned light illumination described in the first exemplary embodiment is
applied to the component with a mirror surface, generally, the patterned light illuminated from the lighting system is once
displayed on the screen device and an image in which the patterned light displayed on the screen device is reflected by
the mirror surface is captured by the camera and subjected to a calculation process. This process is repeated a plurality
of times while a relative arrangement among the patterned light, the component, the camera, and the screen device is
changed.
[0103] In the case where the three-dimensional measurement method using patterned light illumination described in
the first exemplary embodiment is applied to the component composed of a transparent body, generally, the patterned
light illuminated from the lighting system is once displayed on the screen device. Then an image in which the patterned
light displayed on the screen device is transmitted through the transparent body is captured by the camera and subjected
to a calculation process. This process is repeated a plurality of times while a relative arrangement among the patterned
light, the component, the camera, and the screen device is changed.
[0104] The evaluation method according to the present exemplary embodiment is such that the screen device is added
to the first and second exemplary embodiments to apply the three-dimensional measurement method using the patterned
light illumination with respect to the mirror surface or the transparent body.
[0105] The third exemplary embodiment is different from the first and second exemplary embodiments in that a type
and the number of the screen devices 26 are input as the system component in the step 2. More specifically, information
about the manufacturer and the model of the screen device 26 is input.
[0106] In the present exemplary embodiment, as is the case with the imaging unit 9, the lighting system 10, and the
robot arm 11 according to the first and second exemplary embodiments, characteristics data for each manufacturer and
model are prepared as a database. By specifying the manufacturer and model, characteristics information about the
screen device 26 can be input. The characteristics information about the screen device 26 includes a shape, a size, and
optical characteristics of the screen device 26.
[0107] In the step 3, as is the case with the lighting system 10 according to the first and second exemplary embodiments,
it is specified where the screen device 26 is set in the work area of the robot cell. More specifically, as illustrated in Fig.
17, the position where the screen device 26 is set in the work area is specified in a certain range.
[0108] In the present exemplary embodiment, the setting position is specified by the certain range 31 indicated by a
shaded area illustrated in Fig. 17. At this point, the screen device 26 is held with the holding apparatus 27 having the
predetermined movable range in the work area 200. The holding apparatus 27 includes an actuator 28, and the setting
direction of the screen device 26 is controlled by the robot system.
[0109] In the step 6, the setting parameter of the setting direction of the screen device 26 and the setting parameter
related to the position of the screen device 26 in the certain region are added as the setting parameters of the system
components in the first and second exemplary embodiments.
[0110] For example, according to the present exemplary embodiment, the setting parameter of the arrangement
direction of the screen device 26 has 20 different degrees of freedom and the setting parameter related to the position
of the screen device 26 has 10 different degrees of freedom. Therefore, the search degree of freedom of the evaluation
value is represented by the following equation (8) based on the search degree of freedom (40000 combinations) set in
the first exemplary embodiment.

[0111] In the above search degree of freedom, the calculation of the evaluation value in step the 6 is similarly performed
to that in the first and second exemplary embodiments. For the processes in the step 7 and the subsequent steps, there
are selected the setting parameter of the arrangement direction of the screen device 26 and the arrangement parameter
related to the position of the screen device 26 in the certain region which satisfy the reference value. Excepting that the
presentation of those parameters to the user is added, the present exemplary embodiment is similar to the first and
second exemplary embodiments.
[0112] In the above, the method is described in which the patterned light illuminated from the lighting system 10 is
displayed on the screen device 26 and captured as an image. However, in addition to the above described method,
another method may be used in which the patterned light is displayed on a display device such as a liquid crystal display
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(LCD) instead of the lighting system 10 and an image in which the patterned light is reflected by the mirror surface or
an image in which the patterned light is transmitted through the transparent body is captured. In this case, there is no
need for providing the screen device and the patterned light illumination function of the lighting system, and the display
device can be handled similarly to the lighting system in the case where the patterned light is illuminated in the first and
second exemplary embodiments.
[0113] A large number of known methods has been discussed about the three-dimensional measurement in the mirror
surface and the transparent body described above, so that the description thereof is omitted. As described above, in
the recognition and measurement control system according to the present exemplary embodiment, the arrangement
parameter can be determined in consideration of the arrangement and the orientation of the screen device.
[0114] In the evaluation method in the robot system according to a fourth exemplary embodiment, an operation pattern
including an operation speed of the robot arm is added as the arrangement condition for the system component input
in the step 3 described in the first exemplary embodiment. Further, tact time of a task process is added as the evaluation
value calculated in the step 6, and tact time of the task process is added as the reference value that the evaluation value
to be input needs to satisfy in the step 5.
[0115] Furthermore, the use of an image in consideration of dynamic characteristics of the robot arm and the object
to be worked as the virtual image acquired by the imaging unit 9 described in the first exemplary embodiment is added.
Accordingly, in the present exemplary embodiment, only the point that is different in the evaluation method of the robot
system from the first exemplary embodiment is described below. The description of other points similar to the first
exemplary embodiment is omitted herein.
[0116] In the present exemplary embodiment, it is assumed that an object to be recognized and measured as the
object to be worked is the one that can cause vibration when the object to be worked is moved and stopped while being
gripped by the robot arm and has a relatively small Young’s modulus.
[0117] For example, if a flexible print circuit board is moved and stopped while being gripped by the robot arm, the
circuit board may cause vibration for a certain time period according to its Young’s modulus and vibration damping
characteristics. At this point, if the component is subjected to the recognition and the measurement process with the
vibration left, the accuracy of the recognition and the measurement process is degraded because the shape of the
component on the image is deformed.
[0118] In a component which cannot neglect such vibration, the operation pattern including the operation speed of the
robot arm in acquiring an image needs to be appropriately determined. Therefore, according to the present exemplary
embodiment, previously set 10 operation patterns including the operation speed of the robot arm 11 are added to the
search degree of freedom (40000 combinations) set in the first exemplary embodiment. Therefore, the search degree
of freedom of the evaluation value according to the present exemplary embodiment is represented by the following
equation (9).

[0119] In the step 5, the reference value of the tact time in the task process is input as well as the reference value that
other evaluation values need to satisfy. In the step 6, each evaluation value including the tact time is calculated with
respect to the search degree of freedom of 400000 combinations.
[0120] When the recognition reliability and the measurement reliability are calculated as the evaluation value, the
image with the object to be worked being deformed is virtually generated to execute the recognition process and the
measurement process. When the image is generated, the dynamic characteristics of the object to be worked are con-
sidered in the 10 operation patterns corresponding to the operation speed of the robot arm 11.
[0121] In the step 7, each evaluation value including the tact time of the task process is compared with the reference
value to be satisfied by each evaluation value input in the step 5, similar to the case of other evaluation values in the
first exemplary embodiment. Then, a combination of the setting parameters indicating values closest to the reference
value is selected.
[0122] More specifically, the object to be worked is deformed according to its Young’s modulus and vibration damping
characteristics and the operation speed of the robot arm. The evaluation value is calculated using the image deformed
by an influence of the above factors. Accordingly, the setting parameters of the system components can be determined
in consideration of both the deformation of the component caused by the operation of the robot arm and the tact time
depending on the operation speed of the robot arm.
[0123] The method for selecting an optimal combination of the setting parameters is similar to that of the first exemplary
embodiment. The method for presenting the arrangement parameters of the system component determined in step the
7 to the user in the final step 8 is also similar to that of the first exemplary embodiment.
[0124] In the present exemplary embodiment, although the operation pattern including the operation speed of the
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robot arm 11 is set in advance, the user may directly input a plurality of the operation patterns in the step 4. Alternatively,
the user may select an appropriate operation pattern from among a plurality of the operation patterns previously set and
presented in the step 4.
[0125] As described above, the user can easily set the camera and the lighting system of the actual robot system
based on the presented arrangement parameters with including the tact time in the evaluation value in the robot system
according to the present exemplary embodiment.
[0126] In a fifth exemplary embodiment, a graphical user interface with a user is described below.
[0127] Fig. 18 illustrates an example of a graphical user interface according to the present exemplary embodiment.
Fig. 18 illustrates the graphical user interface in the step 1 described above. The user inputs information about the type
and the physical characteristic of an object to be recognized and measured according to guidance displayed on the
display unit.
[0128] Fig. 19 illustrates the graphical user interface in the step 2 described above. The user inputs the type and the
number of the system components included in the recognition and measurement control system according to the displayed
guidance.
[0129] Fig. 20 illustrates the graphical user interface in the step 3 described above. The user inputs conditions for
arranging the system components according to the guidance displayed on the display unit.
[0130] As illustrated in Fig. 20, when the conditions for arranging the system components are input, the three-dimen-
sional model in the work area displayed on the screen of the display unit can be used for the process. The user can
specify the region where the system component is arranged by dragging the targeted system component by a cursor.
The user may directly input the region where the system component is arranged using coordinate values. The specified
region where the system component is arranged is calculated by the program and stored as a coordinate value in the
work area.
[0131] As illustrated in Fig. 21, the control unit 18 functions as a display unit configured to display a virtual object and
a virtual space. When the region where the lighting system and the camera are arranged is specified, the user can
specify a rectangular region by dragging a cursor in the display device to set a desired region. The user may directly
input the arrangement region using coordinate values.
[0132] Fig. 22 illustrates the graphical user interface in the step 4 described above. The user inputs the contents of
the task process according to the guidance displayed on the display unit. As illustrated in Fig. 22, an operation flow at
the time of processing the task of the robot arm may be input by a coordinate value or selected from a previously set
typical task process model.
[0133] The graphical user interface similar to those in Figs. 18 to 22 described above may be used for the processes
in the steps 5 to 8.
[0134] The above described predetermined evaluation value may be calculated as required in a production line already
being in operation and if the evaluation value does not satisfy the previously set reference value, notification may be
performed as an additional function. For example, warnings may be given to the user by display on the screen illustrated
in Fig. 23 or a voice.
[0135] If the user receives the warnings, the user can modify the settings so that the setting parameters of the system
components satisfy the reference value using again the evaluation method, a simulation apparatus, and an evaluation
apparatus in the recognition and measurement system.
[0136] As described above, the evaluation method and the evaluation apparatus in the recognition and measurement
system according to the present exemplary embodiment give warnings to the user if the arrangement parameters do
not satisfy the reference value while the production line is being in operation. Accordingly, the user can easily determine
the arrangement parameters capable of executing the high-reliability recognition and measurement process without the
degradation of the quality of an image.
[0137] This application claims priority from Japanese Patent Application No. 2010-053409 filed March 10, 2010.

Claims

1. An information processing apparatus capable of setting arrangement of a structural member of a robot system which
includes an imaging unit and which works based on an image captured by the imaging unit, the information processing
apparatus comprising:

an arrangement unit configured to arrange a virtual object corresponding to the structural member in a virtual
space corresponding to a working space of the robot system;
a first acquisition unit configured to acquire a virtual space image in the virtual space which corresponds to the
captured image and in which the virtual object is arranged; and
a second acquisition unit configured to acquire an evaluation value indicating adaptation of arrangement of the
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virtual object to the work of the robot system based on the virtual space image.

2. The information processing apparatus according to claim 1,
wherein the first acquisition unit acquires a plurality of the virtual space images different in arrangement of the virtual
object from one another, and the second acquisition unit acquires a plurality of the evaluation values corresponding
to each of the plurality of the virtual space images,
the information processing apparatus further comprising a notification unit configured to select an evaluation value
more suitable for the work of the robot system from among a plurality of the evaluation values and notify a user of
an arrangement parameter of the structural member of the robot system corresponding to the selected evaluation
value.

3. The information processing apparatus according to any preceding claim, wherein the second acquisition unit acquires
the evaluation value using at least one of a contrast value of the virtual space image, recognition reliability of the
virtual object in the virtual space image, an obstruction ratio of the virtual object in the virtual space image, and
measurement reliability of the virtual object in the virtual space image.

4. The information processing apparatus according to any preceding claim, wherein arrangement of the structural
member of the robot system includes at least one of arrangement of the imaging unit, arrangement of a lighting
system for illuminating an object to be worked in the robot system, arrangement of a robot arm for working the object
to be worked, and arrangement of a screen device.

5. The information processing apparatus according to any preceding claim, wherein the second acquisition unit acquires
the evaluation value using at least one of tack time of work of the robot system, information about the illumination
of the lighting system, and information about a shape model of the structural member.

6.  The information processing apparatus according to any preceding claim, further comprising a display control unit
configured to cause a display unit to display the virtual space and the virtual object as a computer graphics image.

7. The information processing apparatus according to any preceding claim, further comprising a limitation unit config-
ured to limit an arrangement range within which the virtual object is arranged by the arrangement unit,
wherein the first acquisition unit acquires a plurality of the virtual space images different in arrangement of the virtual
object from one another in the arrangement range.

8. The information processing apparatus according to claim 7,
wherein the limitation unit limits the arrangement range within which the virtual object is arranged by the arrangement
unit based on a user’s instruction.

9. The information processing apparatus according to claim 7,
wherein the limitation unit limits the arrangement range within which the virtual object is arranged by the arrangement
unit according to a shape of the object to be worked in the robot system.

10. The information processing apparatus according to any preceding claim, further comprising a detection unit config-
ured to detect a change in the structural member of the robot system,
wherein the limitation unit limits the arrangement range within which the virtual object is arranged by the arrangement
unit based on the detected change.

11. A robot system, having a structural member including an imaging unit and capable of working based on an image
captured by the imaging unit, comprising the information processing apparatus of any of claims 1 to 10 and
an output unit configured to output an arrangement parameter of the structural member based on the evaluation value.

12. A method for controlling an information processing apparatus capable of setting arrangement of a structural member
of a robot system which includes an imaging unit and which works based on an image captured by the imaging unit,
the method comprising:

arranging a virtual object corresponding to the structural member in a virtual space corresponding to a working
space of the robot system;
acquiring a virtual space image in the virtual space which corresponds to the captured image and in which the
virtual object is arranged; and
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acquiring an evaluation value indicating adaptation of arrangement of the virtual object to the work of the robot
system based on the virtual space image.

13. A computer program for causing a computer to function as the information processing apparatus of any of claims
1 to 10 or for causing a computer to implement the method of claim 12.

14. A storage medium storing a program according to claim 13.

Patentansprüche

1. Informationsverarbeitungsvorrichtung, die in der Lage ist, die Anordnung eines Strukturelements eines Robotersys-
tems einzustellen, welches eine Abbildungseinheit beinhaltet und auf Basis eines von der Abbildungseinheit auf-
genommenen Bildes arbeitet, wobei die Informationsverarbeitungsvorrichtung umfasst:

eine Anordnungseinheit, die konfiguriert ist, ein dem Strukturelement entsprechendes virtuelles Objekt in einem
einem Arbeitsraum des Robotersystems entsprechenden virtuellen Raum anzuordnen;
eine erste Erfassungseinheit, die konfiguriert ist, ein Virtualraumbild im virtuellen Raum zu erfassen, welches
dem aufgenommenen Bild entspricht und in welchem das virtuelle Objekt angeordnet ist; und
eine zweite Erfassungseinheit, die konfiguriert ist, einen die Anpassung der Anordnung des virtuellen Objekts
an die Arbeit des Robotersystems angebenden Evaluationswert basierend auf dem Virtualraumbild zu erfassen.

2. Informationsverarbeitungsvorrichtung nach Anspruch 1, wobei die erste Erfassungseinheit mehrere sich in der
Anordnung des virtuellen Objekts voneinander unterscheidende Virtualraumbilder erfasst und die zweite Erfas-
sungseinheit mehrere, einem jeden der mehreren Virtualraumbilder entsprechende Evaluationswerte erfasst, wobei
die Informationsverarbeitungsvorrichtung ferner eine Mitteilungseinheit umfasst, die konfiguriert ist, einen für die
Arbeit des Robotersystems geeigneteren Evaluationswert unter mehreren Evaluationswerten auszuwählen und
einem Benutzer einen dem ausgewählten Evaluationswert entsprechenden Anordnungsparameter des Strukture-
lements des Robotersystems mitzuteilen.

3. Informationsverarbeitungsvorrichtung nach einem der vorhergehenden Ansprüche, wobei die zweite Erfassungs-
einheit den Evaluationswert unter Verwendung von mindestens einem der folgenden erfasst: einem Kontrastwert
des Virtualraumbildes, einer Erkennungszuverlässigkeit des virtuellen Objekts im Virtualraumbild, einem Verde-
ckungsverhältnis des virtuellen Objekts im Virtualraumbild und einer Messzuverlässigkeit des virtuellen Objekts im
Virtualraumbild.

4. Informationsverarbeitungsvorrichtung nach einem der vorhergehenden Ansprüche, wobei eine Anordnung des
Strukturelements des Robotersystems mindestens eines der folgenden umfasst: eine Anordnung der Abbildungs-
einheit, eine Anordnung eines Beleuchtungssystems zum Beleuchten eines im Robotersystem zu bearbeitenden
Objekts, eine Anordnung eines Roboterarms zum Bearbeiten des zu bearbeitenden Objekts und eine Anordnung
einer Bildschirmeinrichtung.

5. Informationsverarbeitungsvorrichtung nach einem der vorhergehenden Ansprüche, wobei die zweite Erfassungs-
einheit den Evaluationswert unter Verwendung von mindestens einem der folgenden erfasst: einer Taktung der
Arbeit des Robotersystems, einer Information über die Beleuchtung des Beleuchtungssystems und einer Information
über ein Formmodell des Strukturelements.

6. Informationsverarbeitungsvorrichtung nach einem der vorhergehenden Ansprüche, ferner umfassend eine Anzei-
gesteuereinheit, die konfiguriert ist, eine Anzeigeeinheit zu veranlassen, den virtuellen Raum und das virtuelle Objekt
als Computergraphikbild anzuzeigen.

7. Informationsverarbeitungsvorrichtung nach einem der vorhergehenden Ansprüche, ferner umfassend eine Begren-
zungseinheit, die konfiguriert ist, einen Anordnungsbereich zu begrenzen, in welchem das virtuelle Objekt von der
Anordnungseinheit angeordnet wird,

wobei die erste Erfassungseinheit mehrere sich in der Anordnung des virtuellen Objekts im Anordnungsbereich
voneinander unterscheidende Virtualraumbilder erfasst.
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8. Informationsverarbeitungsvorrichtung nach Anspruch 7, wobei die Begrenzungseinheit den Anordnungsbereich, in
welchem das virtuelle Objekt von der Anordnungseinheit angeordnet wird, basierend auf einem Benutzerbefehl
begrenzt.

9. Informationsverarbeitungsvorrichtung nach Anspruch 7, wobei die Begrenzungseinheit den Anordnungsbereich, in
welchem das virtuelle Objekt von der Anordnungseinheit angeordnet wird, gemäß einer Form des vom Roboter-
system zu bearbeitenden Objekts begrenzt.

10. Informationsverarbeitungsvorrichtung nach einem der vorhergehenden Ansprüche, ferner umfassend eine Detek-
tionseinheit, die konfiguriert ist, eine Änderung des Strukturelements des Robotersystems zu detektieren, wobei
die Begrenzungseinheit den Anordnungsbereich, in welchem das virtuelle Objekt von der Anordnungseinheit an-
geordnet wird, basierend auf der detektierten Änderung begrenzt.

11. Robotersystem mit einem Strukturelement, welches eine Abbildungseinheit beinhaltet und in der Lage ist, auf Basis
eines von der Abbildungseinheit aufgenommenen Bildes zu arbeiten, umfassend die Informationsverarbeitungsvor-
richtung nach einem der Ansprüche 1 bis 10 und eine Ausgabeeinheit, die konfiguriert ist, einen Anordnungspara-
meter des Strukturelements basierend auf dem Evaluationswert auszugeben.

12. Verfahren zum Steuern einer Informationsverarbeitungsvorrichtung, die in der Lage ist, die Anordnung eines Struk-
turelements eines Robotersystems einzustellen, welches eine Abbildungseinheit beinhaltet und auf Basis eines von
der Abbildungseinheit aufgenommenen Bildes arbeitet, wobei das Verfahren umfasst:

Anordnen eines dem Strukturelement entsprechenden virtuellen Objekts in einem einem Arbeitsraum des Ro-
botersystems entsprechenden virtuellen Raum;
Erfassen eines Virtualraumbild im virtuellen Raum, welches dem aufgenommenen Bild entspricht und in wel-
chem das virtuelle Objekt angeordnet ist; und
Erfassen eines die Anpassung der Anordnung des virtuellen Objekts an die Arbeit des Robotersystems ange-
benden Evaluationswerts basierend auf dem Virtualraumbild.

13. Computerprogramm zum Veranlassen eines Computers, als die Informationsverarbeitungsvorrichtung nach einem
der Ansprüche 1 bis 10 zu funktionieren, oder zum Veranlassen eines Computers, das Verfahren nach Anspruch
12 zu implementieren.

14. Speichermedium, das ein Programm nach Anspruch 13 speichert.

Revendications

1. Appareil de traitement d’informations capable de régler l’agencement d’un élément structurel d’un système robotisé
qui comporte une unité de formation d’image et qui fonctionne sur la base d’une image acquise par l’unité de
formation d’image, l’appareil de traitement d’informations comprenant :

une unité d’agencement configurée pour agencer un objet virtuel correspondant à l’élément structurel dans un
espace virtuel correspondant à un espace de travail du système robotisé ;
une première unité d’acquisition configurée pour acquérir une image d’espace virtuel dans l’espace virtuel qui
correspond à l’image acquise et dans lequel est agencé l’objet virtuel ; et
une deuxième unité d’acquisition configurée pour acquérir une valeur d’évaluation indiquant l’adaptation d’un
agencement de l’objet virtuel au travail effectué par le système robotisé sur la base de l’image d’espace virtuel.

2. Appareil de traitement d’informations selon la revendication 1, dans lequel la première unité d’acquisition acquiert
une pluralité des images d’espace virtuel pour lesquelles les agencements de l’objet virtuel sont différents les uns
des autres, et la deuxième unité d’acquisition acquiert une pluralité des valeurs d’évaluation correspondant à chacune
de la pluralité des images d’espace virtuel,
l’appareil de traitement d’informations comprenant en outre une unité de notification configurée pour sélectionner
une valeur d’évaluation plus adaptée au travail effectué par le système robotisé parmi une pluralité des valeurs
d’évaluation et pour notifier à un utilisateur un paramètre d’agencement de l’élément structurel du système robotisé
correspondant à la valeur d’évaluation sélectionnée.
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3. Appareil de traitement d’informations selon l’une quelconque des revendications précédentes, dans lequel la deuxiè-
me unité d’acquisition acquiert la valeur d’évaluation en utilisant au moins l’une d’une valeur de contraste de l’image
d’espace virtuel, d’une fiabilité de reconnaissance de l’objet virtuel dans l’image d’espace virtuel, d’un rapport
d’occultation de l’objet virtuel dans l’image d’espace virtuel, et d’une fiabilité de mesure de l’objet virtuel dans l’image
d’espace virtuel.

4. Appareil de traitement d’informations selon l’une quelconque des revendications précédentes, dans lequel l’agen-
cement de l’élément structurel du système robotisé comporte au moins l’un d’un agencement de l’unité de formation
d’image, d’un agencement d’un système d’éclairage destiné à éclairer un objet sur lequel un travail doit être effectué
dans le système robotisé, d’un agencement d’un bras robotisé destiné à travailler sur l’objet sur lequel un travail
doit être effectué, et d’un agencement d’un dispositif à écran.

5. Appareil de traitement d’informations selon l’une quelconque des revendications précédentes, dans lequel la deuxiè-
me unité d’acquisition acquiert la valeur d’évaluation en utilisant au moins l’un d’un temps de prise du travail effectué
par le système robotisé, d’informations concernant l’éclairage du système d’éclairage, et d’informations concernant
un modèle de forme de l’élément structurel.

6. Appareil de traitement d’informations selon l’une quelconque des revendications précédentes, comprenant en outre
une unité de commande d’affichage configurée pour amener une unité d’affichage à afficher l’espace virtuel et l’objet
virtuel sous la forme d’une image d’infographie.

7. Appareil de traitement d’informations selon l’une quelconque des revendications précédentes, comprenant en outre
une unité de limitation configurée pour limiter une plage d’agencement à l’intérieur de laquelle l’objet virtuel est
agencé par l’unité d’agencement,
dans lequel la première unité d’acquisition acquiert une pluralité des images d’espace virtuel pour lesquelles les
agencements de l’objet virtuel sont différents les uns des autres dans la plage d’agencement.

8. Appareil de traitement d’informations selon la revendication 7, dans lequel l’unité de limitation limite la plage d’agen-
cement à l’intérieur de laquelle l’objet virtuel est agencé par l’unité d’agencement sur la base d’une instruction d’un
utilisateur.

9. Appareil de traitement d’informations selon la revendication 7, dans lequel l’unité de limitation limite la plage d’agen-
cement à l’intérieur de laquelle l’objet virtuel est agencé par l’unité d’agencement conformément à une forme de
l’objet sur lequel le système robotisé doit travailler.

10. Appareil de traitement d’informations selon l’une quelconque des revendications précédentes, comprenant en outre
une unité de détection configurée pour détecter une modification de l’élément structurel du système robotisé,
dans lequel l’unité de limitation limite la plage d’agencement à l’intérieur de laquelle l’objet virtuel est agencé par
l’unité d’agencement sur la base de la modification détectée.

11. Système robotisé, comprenant un élément structurel comportant une unité de formation d’image et capable d’ef-
fectuer un travail sur la base d’une image acquise par l’unité de formation d’image, comprenant l’appareil de traitement
d’informations selon l’une quelconque des revendications 1 à 10, et
une unité de sortie configurée pour fournir en sortie un paramètre d’agencement de l’élément structurel sur la base
de la valeur d’évaluation.

12. Procédé de commande d’un appareil de traitement d’informations capable de régler l’agencement d’un élément
structurel d’un système robotisé qui comporte une unité de formation d’image et qui effectue un travail sur la base
d’une image acquise par l’unité de formation d’image, le procédé consistant à :

agencer un objet virtuel correspondant à l’élément structurel dans un espace virtuel correspondant à un espace
de travail du système robotisé ;
acquérir une image d’espace virtuel dans l’espace virtuel qui correspond à l’image acquise et dans laquelle est
agencé l’objet virtuel ; et
acquérir une valeur d’évaluation indiquant l’adaptation de l’agencement de l’objet virtuel au travail effectué par
le système robotisé sur la base de l’image d’espace virtuel.

13. Programme d’ordinateur destiné à faire en sorte qu’un ordinateur fonctionne en tant qu’appareil de traitement
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d’informations selon l’une quelconque des revendications 1 à 10 ou pour amener un ordinateur à mettre en oeuvre
le procédé selon la revendication 12.

14. Support de stockage stockant un programme selon la revendication 13.
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