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The present invention relates to an apparatus for confirming
three-dimensional model data or the like, capable of confirm-
ing easily, efficiently, and precisely whether three-dimen-
sional model data including an attached object attached to a
machine tool and at least a part of the machine tool good are
accurate. An apparatus 1 for confirming three-dimensional
model data is provided with: CCD cameras 13 and 14 for
imaging an actual attached object attached to a machine tool
30 to generate actual image data of the attached object; a
model-data storing section 17 for storing in advance model
data which include the attached object attached to the
machine tool 30 and at least a part of the machine tool 30 and
which are previously created; a virtual image data generating
section 19 for generating, by a computer process, two-dimen-
sional image data, which are virtual image data of the
attached object, based on the model data stored in the model-
data storing section 17; and an image-data comparing section
21 for comparing, by a computer process, the actual image
data of the attached object and the virtual image data thereof
to determine whether these image data match.
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THREE-DIMENSIONAL MODEL DATA
CONFIRMING METHOD, AND
THREE-DIMENSIONAL MODEL DATA
CONFIRMING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a method and an
apparatus for confirming three-dimensional model data,
which confirm whether model data which are previously cre-
ated, the three-dimensional model data comprising an
attached object including a workpiece, a jig for attaching the
workpiece and the like, attached to a machine tool, and at least
a part of the machine tool, are accurate.

BACKGROUND ART

[0002] A machine tool is, for example, configured by: a
table having a workpiece mounted and fixed on its top surface
by the jig for attaching the workpiece; a main spindle for
retaining a tool; a drive mechanism for moving the table and
the main spindle (workpiece and tool) relative to each other;
acontrol device for controlling the drive mechanism based on
an NC program previously created; and other components.
[0003] The NC program is created by an operator, a pro-
gramming device, or the like. However, if there is an error,
there is a possibility that an accident in which the tool and the
workpiece or the jig for attaching the workpiece interfere with
each other occurs. To avoid this, as disclosed in Japanese
Unexamined Patent Application Publication No. 2006-
004128, an interference simulation is conducted on a com-
puter using three-dimensional model data of'a machine tool to
check whether the NC program has an error.

[0004] Patent document 1: Japanese Unexamined Patent
Application Publication No. 2006-004128

DISCLOSURE OF INVENTION
Problem Invention is to Solve

[0005] Incidentally,inthe interference simulation using the
three-dimensional model data, when a workpiece subject to
machining (that is, a workpiece on the table) or a jig for
attaching the workpiece is changed, at least a workpiece
portion or a jig portion of the three-dimensional model data of
the machine tool must be corrected and updated to accommo-
date the change.

[0006] However, the three-dimensional model data of the
workpiece or the jig (the attached object), which are used for
correction and updating, are sometimes caused to be different
from their actual shapes by, for example, an error by an
operator who creates the data, a design change after the three-
dimensional model data of the attached object are created,
and other reasons. In this case, a correct interference simula-
tion cannot be performed. There is another case where an
attaching condition of the attached object on a three-dimen-
sional model of the machine tool and an actual attaching
condition differ, and in this case also, the correct interference
simulation cannot be performed.

[0007] Therefore, it is convenient if it is possible to confirm
easily and efficiently whether the three-dimensional model
data of the machine tool including the attached object are
accurate, that is, whether the three-dimensional model data
are in accordance with an actual condition of the machine
tool.
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[0008] The present invention has been conducted under the
aforementioned circumstances, and an object thereof is to
provide a method and an apparatus for confirming three-
dimensional model data, capable of confirming easily, effi-
ciently, and precisely whether three-dimensional model data
which include an attached object attached to a machine tool
and at least a part of the machine tool and which are previ-
ously created are accurate.

Means for Resolving the Problem

[0009] To achieve the aforementioned object, the present
invention is:

[0010] a method for confirming whether data which are
previously created and are related to a three-dimensional
model including an attached object attached to a machine tool
and at least a part of the machine tool, the model data includ-
ing shape data which define shapes of the machine tool and
the attached object, are accurate, comprising:

[0011] an actual-image-data generating process in which
an actual attached object attached to the machine tool is
imaged by an imaging camera from previously set one or
more view point to generate two-dimensional image data;
[0012] a virtual-image-data generating process for gener-
ating, by a computer process, two-dimensional data of the
attached object based on the model data which are previously
created and include the attached object and the at least a part
of the machine tool, the means in which a three-dimensional
space is virtually set, the three-dimensional model including
the attached object and the at least a part of the machine tool
is disposed within the space, and a camera of the same con-
dition as that of the imaging camera is virtually set and dis-
posed, thereby generating the two-dimensional image data
estimated to be obtained when the attached object related to
the three-dimensional model, as well as the actual attached
object, is imaged by the camera virtually set and disposed
from the same view point as the previously set view point; and
[0013] animage-data comparing process for comparing, by
a computer process, the two-dimensional image data related
to the actual attached object generated in the actual-image-
data generating process and the two-dimensional image data
of the attached object related to the three-dimensional model
generated in the virtual-image-data generating process to
determine whether these two-dimensional image data match.
[0014] The method for confirming model data can be pref-
erably implemented by a following apparatus for confirming
model data:

[0015] That is, the apparatus for confirming model data is:
[0016] an apparatus for confirming three-dimensional
model data, which confirms whether data which are previ-
ously created and are related to a three-dimensional model
including an attached object attached to the machine tool and
at least a part of the machine tool, the model data including at
least shape data which define shapes of the machine tool and
the attached object, are accurate, the apparatus comprising:
[0017] an imaging camera for imaging an actual attached
object attached to the machine tool from previously set one or
more view point to generate two-dimensional image data; and
[0018] a computer to which the imaging camera is con-
nected, wherein

[0019] the computer is configured to function as:

[0020] model-data storing means for storing the model data
which are previously created and include the attached object
and the at least a part of the machine tool;
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[0021] virtual-image-data generating means for generating
two-dimensional data of the attached object based on the
model data stored in the model-data storing means, the means
in which a three-dimensional space is virtually set, the three-
dimensional model including the attached object and the at
least a part of the machine tool is disposed within the space,
and a camera of the same condition as that of the imaging
camera is virtually set and disposed, thereby generating the
two-dimensional image data estimated to be obtained when
the attached object related to the three-dimensional model, as
well as the actual attached object, is imaged by the camera
virtually set and disposed from the same view point as the
previously set view point; and

[0022] image-data comparing means for comparing the
two-dimensional image data related to the actual workpiece
generated by the imaging camera and the two-dimensional
image data of the attached object related to the three-dimen-
sional model generated by the virtual-image-data generating
means to determine whether these imaging data match.

[0023] According to the apparatus for confirming three-
dimensional model data, the model data (three-dimensional
model data) including the attached object attached to the
machine tool and at least the part of the machine tool (for
example, model data of a machining center including at least
a table on which the workpiece is mounted, or model data of
a lathe including at least a main spindle for holding the work-
piece) are previously created, and the created model data are
stored in the model-data storing means. It is noted that in the
present invention, a concept of the workpiece includes a jig
for attaching the workpiece to the machine tool. Further, the
object to be attached may include, but not limited to, a work-
piece, a jig for attaching the workpiece, or the like, for
example. When the object to be attached is the workpiece or
the jig, model data including the workpiece attached to the
machine tool and at least a part of the machine tool, or model
data including the jig attached to the machine tool and at least
a part of the machine tool, or model data including the work-
piece attached to the machine tool, the jig, and at least a part
of the machine tool, are stored in the model-data storing
means.

[0024] Subsequently, the actual attached object attached to
the machine tool is imaged by the imaging camera, thereby
generating two-dimensional image data of the actual attached
object, and in addition, two-dimensional data of the attached
object are generated by the virtual-image-data generating
means based on the model data stored in the model-data
storing means. The two-dimensional data is two-dimensional
image data estimated to be obtained as follows: a three-
dimensional space is virtually set; the three-dimensional
model including the attached object and at least the part of the
machine tool is disposed within the space, and a camera of the
same condition (which means parameters are the same, such
as a focal length, a coordinate value of principal point, a
center coordinate value of an image-pickup surface, a devia-
tion amount between the center coordinate value of the
image-pickup surface and the coordinate value of principal
point, a radial distortion correction coefficient, a tangential
distortion correction coefficient, for example) as that of the
imaging camera is virtually setand disposed; and the attached
object related to the three-dimensional model, as well as the
actual attached object, is imaged by the camera virtually set
and disposed from the same view point as the previously set
view point.
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[0025] Thereafter, the two-dimensional image data (actual
image of the attached object) related to the actual attached
object generated by the imaging camera, and the two-dimen-
sional image data (virtual image of the attached object) ofthe
attached object related to the three-dimensional model gen-
erated by the virtual-image-data generating means are com-
pared by the image-data comparing means to determine
whether these image data match. The determination can be
performed by confirming whether gray level values of each
pixel in the two-dimensional image data each generated by
the imaging camera and the virtual-image-data generating
means are the same, or can be performed by detecting edges
of the attached object from each actual image data to confirm
whether positions and lengths of the detected edges are the
same, and so on.

[0026] When the actual image and the virtual image match,
it is determined that the three-dimensional model data includ-
ing the attached object and at least a part of the machine tool
are accurate, that is, it is determined that a shape of the
attached object, a mounting position thereof, and a mounting
attitude thereof match those of the actual attached object.
When the actual image data and the virtual image data do not
match, it is determined that the three-dimensional model data
including the attached object and at least a part of the machine
tool are wrong, that is, it is determined that the shape of the
attached object, the mounting position thereof, and the
mounting attitude thereof do not match those of the actual
attached object. When it is determined that the three-dimen-
sional model data are wrong, a message to this effect is
displayed on a screen, or measures for disabling a start of
machining is taken.

[0027] Thus, according to the method and the apparatus for
confirming three-dimensional model data according to the
present invention, the actual image of the attached object
obtained by the imaging camera and the virtual image of the
attached object generated based on the three-dimensional
model data including the attached object and at least the part
of the machine tool are compared to determine whether the
three-dimensional model data including the attached object
and at least the part ofthe machine tool are in accordance with
an actual state of the machine tool. Therefore, it is possible to
confirm easily, efficiently, and precisely whether the three-
dimensional model data including the attached object and at
least the part of the machine tool are accurate.

[0028] Further, it is possible to prevent an interference
simulation in which inaccurate three-dimensional model data
are used, for example, or possible to prevent a case where it is
determined that there is no error in an NC program by the
interference simulation using the wrong three-dimensional
model data, and a machining is performed according to such
an NC program.

[0029] Further, the computer may be configured to further
function as model-data updating means for updating the
model data related to at least a part of the machine tool to
match an actual operation of the machine tool.

[0030] In the method and apparatus for confirming model
data described above, the attached object may be imaged
from one or more view point. When the attached object is
imaged from two view points, for example, an actual attached
object attached to the machine tool is imaged by an imaging
camera from a first view point and a second view point apart
from the first view point to generate two-dimensional image
data in each view point. In addition, based on the three-
dimensional model data including the attached object and at
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least a part of the machine tool, two-dimensional image data
estimated to be obtained when the attached object related to
the three-dimensional model is imaged from the same view
points as those of the first and second view points are gener-
ated by the virtual-image-data generating means. Further, the
two-dimensional image data from the first view point gener-
ated by the imaging camera and the two-dimensional image
data from the first view point generated by the virtual-image-
data generating means, and the two-dimensional image data
from the second view point generated by the imaging camera
and the two-dimensional image data from the second view
point generated by the virtual-image-data generating means
are compared, respectively, to determine whether these image
data match.

Effects of the Invention

[0031] Thus, according to a method and an apparatus for
confirming three-dimensional model data according to the
present invention, it is possible to confirm easily and precisely
whether three-dimensional model data including an attached
object attached to a machine tool and at least a part of the
machine tool are accurate, and hence, efficient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a block diagram showing a schematic
configuration of an apparatus for confirming three-dimen-
sional model data, or the like, according to one embodiment
of the present invention;

[0033] FIG. 2 is a perspective view showing the apparatus
for confirming three-dimensional model data according to the
embodiment, and a machine tool in which the apparatus is
arranged;

[0034] FIG.3isaflowchart showing a series of processes in
a virtual-image-data generating section of the embodiment;
[0035] FIG.4isaflowchart showing a series of processes in
the virtual-image-data generating section of the embodiment;
[0036] FIG. 5 is an explanatory diagram for explaining
generation of virtual image data of a workpiece;

[0037] FIG. 6 is an explanatory diagram for explaining the
generation of virtual image data of a workpiece; and

[0038] FIG.7isaflowchart showing a series of processes in

an image-data comparing section of the embodiment.
LEGEND

[0039] 1 Apparatus for confirming three-dimensional

model data

[0040] 10 Computer

[0041] 11 Input device

[0042] 12 Screen display device

[0043] 13 First CCD camera

[0044] 14 Second CCD camera

[0045] 15 Actual-image-data storing section

[0046] 16 Camera-parameter storing section

[0047] 17 Model-data storing section

[0048] 18 Model-data updating section

[0049] 19 Virtual-image-data generating section

[0050] 20 Virtual-image-data storing section

[0051] 21 Image-data comparing section

[0052] 30 Machine tool

[0053] 31Bed

[0054] 32 Base

[0055] 33 Left-side wall

[0056] 34 Right-side wall
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[0057] 35 Back-side wall
[0058] 36 First saddle
[0059] 37 Second saddle
[0060] 38 Spindle head
[0061] 39 Main spindle
[0062] 40 Table

[0063] T Tool

[0064] W Workpiece

BEST MODE FOR CARRYING OUT THE
EMBODIMENT

[0065] Hereinafter, a specific embodiment of the present
invention will be described with reference to the accompany-
ing drawings. FIG. 1 is a block diagram showing a schematic
configuration of an apparatus for confirming three-dimen-
sional model data, or the like, according to one embodiment
of the present invention.

[0066] As shown in FIG. 1, an apparatus 1 for confirming
three-dimensional model data of this embodiment is config-
ured by: a computer 10, a first CCD camera 13 and a second
CCD camera 14 annexed to a machine tool 30 shown in FIG.
2. The computer 10 is provided with an input device 11 such
as a mouse 11a, a keyboard 115, or the like, and a screen
display device 12. The computer 10 functions as: an actual-
image-data storing section 15; a camera-parameter storing
section 16; a model-data storing section 17; a model-data
updating section 18; a virtual-image-data generating section
19; a virtual-image-data storing section 20; and an image-
data comparing section 21.

[0067] Firstly, a description is given of the machine tool 30.
[0068] As shown in FIG. 1 and FIG. 2, the machine tool 30
is of a type called a vertical machining center, and is provided
with: a bed 31; a first saddle 36 which is disposed on the bed
31 and freely moves ina front-to-back direction ( Y-axis direc-
tion); a second saddle 37 which is disposed on the first saddle
36 and freely moves in a side-to-side direction (X-axis direc-
tion); a spindle head 38 which is disposed on the second
saddle 37 and freely moves in a vertical direction (Z-axis
direction); a main spindle 39 which is supported by the
spindle head 38 to be rotatable about an axis and which holds
atool T; a table 40 which is disposed on the bed 31 and which
has a workpiece W being mounted and fixed to its top surface;
and other components. The table 40 is configured such that a
mount portion 40 on which the workpiece W is mounted and
fixed can rotate freely about a rotational center axis (in a
C-axis direction) parallel to a Z-axis.

[0069] The machine tool 30 is further provided with: a
Y-axis feed mechanism 41 for moving (moving linearly) the
first saddle 36 in the Y-axis direction; an X-axis feed mecha-
nism 42 for moving (moving linearly) the second saddle 37 in
the X-axis direction; a Z-axis feed mechanism 43 for moving
(moving linearly) the spindle head 38 in the Z-axis direction;
a main-spindle rotation drive mechanism 44 for rotating the
main spindle 39 about its axis; and a table rotation drive
mechanism 45 for rotating (moving rotationally) the mount
portion 40a on the table 40 in the C-axis direction to be
indexed to a predetermined rotational angle position; a con-
trol device 46 for controlling operations of the Y-axis feed
mechanism 41, the X-axis feed mechanism 42, the Z-axis
feed mechanism 43, the main-spindle rotation drive mecha-
nism 44, and the table rotation drive mechanism 45; and an
operation panel 47 connected to the control device 46.
[0070] The bed 31 is configured by: a base 32 that is rect-
angular when seen in plan view; side walls 33 and 34 (left-
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side wall 33 and right-side wall 34) disposed upright on both
right and left sides of the base 32; and a side wall (back-side
wall) 35 which is disposed upright on arear side of the base 32
and which is arranged between the side walls 33 and 34 on the
both right and left sides. The table 40 is arranged at the front
of the back-side wall 35 and is disposed in a space surrounded
by the respective side walls 33, 34, and 35.

[0071] The first saddle 36 is supported by the left-side wall
33 and the right-side wall 34 to be movable in the Y-axis
direction. The second saddle 37 is supported by the first
saddle 36 to be movable in the X-axis direction. The spindle
head 38 is supported by the second saddle 37 to be movable in
the Z-axis direction. The main spindle 39 is disposed such
that its axis is parallel to the Z-axis above the top surface of
the table 40, and is supported by a bottom end of the spindle
head 38 to be rotatable about the axis.

[0072] The operation panel 47 is configured by: an input
device (an operation key, a keyboard, a manual pulse genera-
tor, or the like) (not shown) for inputting various signals to the
control device 46; and a screen display device (not shown) for
displaying on a screen a control state or the like by the control
device 46.

[0073] The control device 46 is provided with a program
storing section 46 in which a previously created NC program
is stored, and based on the NC program, controls the feeding
mechanisms 41, 42, and 43, and the rotation drive mecha-
nisms 44 and 45. Specifically, the control device 46 extracts
from the NC program movement commands regarding move-
ment positions and feed speeds of the first saddle 36, the
second saddle 37, and the spindle head 38, a rotation speed of
the main spindle 39, a rotational angle position of the table 40
(mount portion 40a), or the like, so as to perform control
based on the extracted movement commands, current posi-
tion data fed back from the feed mechanisms 41, 42, and 43,
current rotation speed data fed back from the main-spindle
rotation drive mechanism 44, and current rotation angle posi-
tion data fed back from the table rotation drive mechanism 45.
[0074] The control device 46 receives an operation signal
(signal related to the movement command) input from the
input device (not shown) of the operation panel 47, and based
on the received operation signal, controls the feed mecha-
nisms 41, 42, and 43, and the rotation drive mechanisms 44
and 45.

[0075] The control device 46 further carries out a process
for transmitting to the model-data updating section 18 the
movement commands extracted from the NC program, the
operation signal input from the input device (not shown) of
the operation panel 47, and the current position data fed back
from the feed mechanisms 41, 42, and 43 or the current
rotation angle position data fed back from the table rotation
drive mechanism 45.

[0076] Subsequently, a description is given of the apparatus
1 for confirming three-dimensional model data.

[0077] As described above, the apparatus 1 for confirming
three-dimensional model data is provided with: the first CCD
camera 13; the second CCD camera 14; the actual-image-data
storing section 15; the camera-parameter storing section 16;
the model-data storing section 17; the model-data updating
section 18; the virtual-image-data generating section 19; the
virtual-image-data storing section 20; and the image-data
comparing section 21.

[0078] The first CCD camera 13 and the second CCD cam-
era 14 are arranged at a corner formed by the left-side wall 33
and the back-side wall 35 of the bed 31 and mounted via a
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bracket 24 in an upper area formed by the left-side wall 33 and
the back-side wall 35. The first CCD camera 13 and the
second CCD camera 14 tilt its optical axis in a diagonally
downward direction to image the actual workpiece W
mounted and fixed on the top surface of the table 40 (mount
portion 40a). The second CCD camera 14 is arranged such
that its optical axis is parallel to that of the first CCD camera
13, its image-pickup surface is positioned coplanar to that of
the first CCD camera 13, and it is separated apart by a certain
interval from the first CCD camera 13. When the workpiece
W is imaged, not only the workpiece W but also a part of the
table 40 is imaged.

[0079] The CCD cameras 13 and 14 each are provided with
a plurality of photoelectric converters which are two-dimen-
sionally arranged in a multi-row, multi-column array, digitize
voltage signals which are output from the respective photo-
electric converters in accordance with an intensity of received
light, convert the digitized signals into gray level values, and
output these values as two-dimensional gray-level image data
which are aligned in the same manner as those of the photo-
electric converters. The actual-image-data storing section 15
stores the two-dimensional gray-level image data (actual
image data of the workpiece W), each of which are output
from the CCD cameras 13 and 14.

[0080] The camera-parameter storing section 16 stores
internal parameters (a focal length, a coordinate value of
principal point, a center coordinate value of the image-pickup
surface, a deviation amount between the center coordinate
value of the image-pickup surface and the coordinate value of
principal point, a radial distortion correction coefficient, a
tangential distortion correction coefficient, for example)
which are parameters specific to the CCD cameras 13 and 14,
and external parameters (a rotation matrix, and a translation
vector, for example) indicating positions and attitudes of the
CCD cameras 13 and 14 in a coordinate system of the
machine tool 30. These parameters are previously calculated
by a calibration processing, for example, to be stored.
[0081] The model-data storing section 17 stores data
related to a three-dimensional model of a whole of the
machine tool 30 including the workpiece W mounted and
fixed on the table 40 (mount portion 40q), the model data
including at least shape data that define a shape of the whole
of the machine tool 30 (in this embodiment, the three-dimen-
sional model data including major constituents of the
machine tool 30 and the workpiece W except for a cover, a
door, or the like, of the machine tool 30). The model data are
previously created by an operator, a model data generating
device, or the like. The model data of the whole of the
machine tool 30 are configured such that various model data
which are related, for example, to constituents of the machine
tool 30 such as the bed 31, the first saddle 36, the second
saddle 37, the spindle head 38, the main spindle 39 (including
the tool T), and the table 40; and the workpiece W are respec-
tively correlated with one another. The model data of the
whole of the machine tool 30 are set such that its coordinate
system is equal to that of the actual machine tool 30.

[0082] Upon receiving the movement command, the opera-
tion signal, the current position data or the current rotation
angle position data transmitted from the control device 46, the
model-data updating section 18 reads out the model data of
the whole of the machine tool 30 stored in the model-data
storing section 17, and based on the received movement com-
mand, operation signal, current position data or current rota-
tion angle position data, and the read-out model data, updates
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the model data of the whole of the machine tool 30 in such a
manner that the first saddle 36, the second saddle 37, the
spindle head 38, and the mount portion 40a of the table 40 are
in a state of having moved (linearly moved or rotationally
moved) according to the movement command or the opera-
tion signal, or in a state of having moved (linearly moved or
rotationally moved) in a position related to the current posi-
tion data or the current rotation angle position data. Thereaf-
ter, the model-data updating section 18 stores the updated
model data into the model-data storing section 17, and
rewrites the original model data with the updated model data.
[0083] The virtual-image-data generating section 19 per-
forms a series of processes shown in FIG. 3, and based on the
external parameters (parameters indicating positions and atti-
tudes of the CCD cameras 13 and 14) of the CCD cameras 13
and 14 stored in the camera-parameter storing section 16, the
internal parameters (parameters indicating the focal length,
the coordinate value of principal point, the center coordinate
value of the image-pickup surface, the deviation amount
between the center coordinate value of the image-pickup
surface and the coordinate value of principal point, the radial
distortion correction coefficient, the tangential distortion cor-
rection coefficient), and the model data stored in the model-
data storing section 17, generates two-dimensional data of the
workpiece W (virtual image data of the workpiece W, as
described later).

[0084] The generation of a virtual image that corresponds
to the first CCD camera 13, and that of a virtual image that
corresponds to the second CCD camera 14 are performed in a
similar manner. Thus, in the description below, a description
is mainly given of the generation of the virtual image that
corresponds to the first CCD camera 13, and that of the virtual
image that corresponds to the second CCD camera 14 is
omitted.

[0085] The virtual-image-data generating section 19,
firstly, reads out the respective parameters stored in the cam-
era-parameter storing section 16 (step S1), and then, reads out
the model data of the whole of the machine tool 30 stored in
the model-data storing section 17 (step S2).

[0086] Based on the respective parameters and the model
data which are read out, the virtual-image-data generating
section 19 converts a coordinate system of the model data of
the whole of the machine tool 30 into the same coordinate
system as that set to the CCD camera 13 (14) (step S3).
Specifically, the conversion is performed using the following
expression (Expression 1). In the following expression, R and
T denote a parameter for converting the coordinate system of
the machine tool 30 into that of the CCD camera 13 (14), R
denotes a rotation matrix indicating the attitude of the CCD
camera 13 (14), and T denotes a translation vector indicating
the position of the CCD camera 13 (14). Thereby, as shown in
FIG. 5, for example, a certain point on the workpiece W is
converted from a coordinate value P, (P, P, . P_) in the
coordinate system of the machine tool 30 into a coordinate
value P (P, P, P_) in the coordinate system of the CCD
camera 13 (14}, and as a result, the model data of the whole of
the machine tool 30 are recognized in the same coordinate
system as that of the CCD camera 13 (14).

P,=R*P4T
[0087] The process at the step S3 serves to virtually set a
three-dimensional space, in which the three-dimensional

model of the whole of the machine tool 30 is disposed; and to
virtually set and arrange a first CCD camera 194 and a second

[Expression 1]
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CCD camera 195, each of which is capable of imaging from
the same view points as those of the CCD cameras 13 and 14.

[0088] Subsequently, the virtual-image-data generating
section 19 projects a shape of a peripheral portion of the
workpiece W specified by the model data in which the coor-
dinate system is converted on an image-pickup surface 19¢ of
the CCD camera 19a (or an image-pickup surface 194 of the
CCD camera 1956) using the following expression (Expres-
sion 2), that is, the workpiece W related to the three-dimen-
sional model is imaged by the CCD camera 19a (19b) (step
S4). As a result, as shown in FIG. 6, for example, the coordi-
nate value P, (P, P, P.) in the three-dimensional space is
converted into a coordinate value P, (P,,,, P,,,) within the
image-pickup surface 19¢ (194), thereby generating two-di-
mensional gray-level image data. It is noted that FIG. 6 sim-
ply shows a concept diagram in which the imaging of the
workpiece W by the CCD camera 19« is illustrated.

[Expression 2]

S| |
&3

8

[0089] Subsequently, the virtual-image-data generating
section 19 performs a process for distorting the shape pro-
jected on the image-pickup surface 19¢ (194) (that is, the
two-dimensional image) (step S5). The reason for performing
this process is that since the actual image generated by the
CCD camera 13 (14) is distorted, the virtual image needs to be
distorted as well as in the case of the actual image. Specifi-
cally, the virtual image is distorted using the following
expression (Expression 3). In the expression, K, and K,
denote the radial distortion correction coefficients of the CCD
camera 13 (14), and P, and P, denote the tangential distortion
correction coefficients of the CCD camera 13 (14). Thereby.
the certain coordinate value P, (P,,,., P,,,,) is converted into a
coordinate value P, ; (P, ;.. P

ny

ipdx: * ipdy/*

Py [Expression 3]

Ppi=(L+K " +K2-r4)[ +dx

ipy

PR 4P

ipx ipy

2Py Py Py + PP + P

dx =

PL0? 4 PL )+ 2Py - Py Py

[0090] Thereafter, using the following expression (Expres-
sion 4), the coordinate value P, /(P,, s, P,,,,) on the image-
pickup surface 19¢ (194) of the distorted shape is calculated
as a pixel position P,; (P;,,, P.,.) (step S6). In the following
expression, u, denotes a deviation amount in the X-axis direc-
tion between the center coordinate value of the image pick-up
surface of the CCD camera 13 (14) and the coordinate value
of the principal point; v, denotes a deviation amount in the
Y-axis direction between the center coordinate value of the
image pick-up surface of the CCD camera 13 (14) and the
coordinate value of the principal point; f, denotes a focal
length in the X-axis direction of the CCD camera 13 (14); and
1, denotes a focal length in the Y-axis direction of the CCD
camera 13 (14).
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[Expression 4]

feorPpex + 1o
Py =

Jy+ Pipay +v0

[0091] The processes at the step S5 and S6 serve to match a
condition of the virtual CCD camera 194 (195) and a condi-
tion of the actual CCD camera 13 (14).

[0092] Inthis manner, when the processes of the steps S1to
S6 are performed, the three-dimensional space is virtually set
and the three-dimensional model of the whole of the machine
tool 30 is disposed in the space, and the camera 19a (195) of
the same condition as that of the CCD camera 13 (14) is
virtually set and disposed. Consequently, the two-dimen-
sional gray-level image data (the two-dimensional gray-level
image data of the workpiece W including a part of the table
40) estimated to be obtained when the workpiece W related to
the three-dimensional mode, as well as the actual workpiece
W, is imaged from the same view point as that of the CCD
camera 13 (14) are generated by the camera 19a (195). The
generated two-dimensional gray-level image data are then
stored in the virtual-image-data storing section 20 as the
virtual image data of the workpiece W (step S7), and the
series of processes is completed. In the virtual-image-data
storing section 20, the virtual image data that correspond to
the first CCD camera 13 and the virtual image data that
correspond to the second CCD camera 14 are stored, respec-
tively.

[0093] The virtual-image-data generating section 19 may
perform processes at step S5' and step S6' described below,
instead of the processes at the step S5 and step S6 (see FIG. 4).
That is, at the step S5', using the following expression (Ex-
pression 5), the coordinate value P, (P, P, ) of the pro-
jected shape (two-dimensional image) on the image-pickup
surface 19¢ (194) is calculated as a pixel position P, (P, .., P,.).
In the following expression, f denotes a focal length of the
CCD camera 13 (14); C, denotes an X-axis coordinate value
ofa pixel at the center of the image-pickup surface of the CCD
camera 13 (14); and C, denotes a Y-axis coordinate value of a
pixel at the center of the image-pickup surface of the CCD
camera 13 (14).

[P+ G [Expression 5]
P=

[Py +Cy

[0094]  On the other hand, at the step S6', using the follow-
ing expression (Expression 6) obtained by combining the
Expression 4 and the Expression 5, the shape obtained at the
step S5' (two-dimensional image) is shifted and enlarged.
Thereby, the pixel position P, (P, P,,) obtained at the step
S§'is converted into a new pixel position P, (P, P,,.). Inthe
following expression, upper components (with respect to the
X-axis) are integers, and lower components (with respect to
the Y-axis) are decimals. Therefore, with this state, however,
the pixel position in the Y-axis direction cannot be evaluated,
and thus, with respect to the pixel position in the Y-axis
direction, a first order interpolation is performed to obtain an
integer value (to eliminate a decimal portion).
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P +uy—Cy [Expression 6]

P, =
N Qva+V4)—QC),

f Fe

[0095] The image-data comparing section 21 performs a
series of processes shown in FIG. 7, and based on the internal
parameters (parameters indicating the focal length, the coor-
dinate value of principal point, the center coordinate value of
the image-pickup surface, the deviation amount between the
center coordinate value of the image-pickup surface and the
coordinate value of principal point, the radial distortion cor-
rection coefficient, and the tangential distortion correction
coetficient) of the CCD cameras 13 and 14 each stored in the
camera parameter storing section 16; the two-dimensional
image data related to the actual workpiece W (actual image of
the workpiece W) stored in the actual-image-data storing
section 15; and the two-dimensional gray-level image data
(virtual image of the workpiece W) of the workpiece W
related to the three-dimensional model stored in the virtual-
image-data storing section 20, confirms whether the model
data of the whole of the machine tool 30 including the work-
piece W are accurate.

[0096] That is, the image-data comparing section 21 reads
out the internal parameters of the CCD cameras 13 and 14
each stored in the camera-parameter storing section 16 (step
S11), and then, reads out the actual-image-data (actual image
data each obtained by the CCD cameras 13 and 14) of the
workpiece W each stored in the actual-image-data storing
section 15 (step S12).

[0097] Subsequently, based on the read-out internal param-
eters and each actual image data, the distortion of each actual
image is eliminated (step S13), and in addition, a deviation of
each actual image is removed (step S14). The reason for these
steps is that the images are distorted by lenses of the CCD
cameras 13 and 14, or the principal point and the center of the
image pick-up surface are deviated. The distortion of the
actual image can be eliminated based on the radial distortion
correction coefficient and the tangential distortion correction
coefficient, for example. The deviation of the actual image
can be removed based on a deviation amount of the principal
point, for example.

[0098] Subsequently, the virtual image data (virtual image
data generated to correspond to the CCD cameras 13 and 14)
of the workpiece W each stored in the virtual-image-data
storing section 20 are read out (step S15), and based on the
virtual image data each read out and the internal parameters
read out at the step S11, a distortion of each virtual image, as
well as the actual image, is eliminated (step S16). and in
addition, a deviation of each virtual image also is removed
(step S17).

[0099] In the case where in the processes of the virtual-
image-data generating section 19, the processes at the step S5'
and S'6 are performed instead of the processes at the step S5
and S6, the process at the step S16 can be omitted.

[0100] Subsequently, the actual image data obtained by the
first CCD camera 13 and the virtual image data generated to
correspond to the first CCD camera 13; and the actual image
data obtained by the second CCD camera 14 and the virtual
image data generated to correspond to the second CCD cam-
era 14 are compared, respectively, to determine whether these
image data match (step S18).
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[0101] Specifically, for example, the determination is per-
formed by confirming whether the gray level value of each
pixel in the actual image data is the same as that of each pixel
in the virtual image data, detecting edges of the workpiece W
from the actual image data and the virtual image data to
confirm whether positions and lengths of the detected edges
are the same, and so on. In the case where the gray level value
of each pixel of the actual image data and that of the virtual
image data are the same, or in the case where the positions and
the lengths of the edges detected from the actual image data
and those of the virtual image data are the same, it is deter-
mined that the actual image data and the virtual image data
match. In order to admit that the actual image data and the
virtual image data match, out oftwo pairs of actual image data
and virtual image data, two pairs, but not either one of the two
pairs, need to match, respectively.

[0102] When the actual image data and the virtual image
data match, it is determined that the three-dimensional model
data of the whole of the machine tool 30 are accurate, that is,
the shape of the workpiece W, the mounting position thereof,
and the mounting attitude thereof match those of the actual
workpiece W (step S18). Then, the series of processes is
completed. On the other hand, when the actual image data and
the virtual image data do not match, it is determined that the
three-dimensional model data of the whole of the machine
tool 30 are wrong, that is, the shape of the workpiece W, the
mounting position thereof, and the mounting attitude thereof
do not match those of the actual workpiece W (step S18). a
message to this effect is displayed on the screen display
device (not shown) of the operation panel 47 or on the screen
display device 12 of the computer 10 (step S19). Then, the
series of processes is completed.

[0103] According to the thus-configured apparatus 1 for
confirming three-dimensional model data of the embodiment,
the internal parameters and the external parameters of the
CCD cameras 13 and 14 are previously stored in the camera-
parameter storing section 16, and the model data of the whole
of the machine tool 30 including the workpiece W are stored
in the model-data storing section 17. The model data stored in
the model-data storing section 17 are updated, as needed, by
the model-data updating section 18 based on the movement
command, the operation signal, the current position data, and
the current rotation angle position data transmitted from the
control device 46.

[0104] When the actual workpiece W on the table 40 is
imaged by the CCD cameras 13 and 14, the actual image data
of the workpiece W including a part of the table 40 are
generated, and the generated data are stored in the actual-
image-data storing section 15.

[0105] Based on the external parameters and the internal
parameters of the CCD cameras 13 and 14 stored in the
camera-parameter storing section 16, and the model data
stored in the model-data storing section 17, the virtual image
data of the workpiece W estimated to be obtained when the
workpiece W related to the three-dimensional model is
imaged from the same view points as those of the CCD
cameras 13 and 14, respectively, are generated by the virtual-
image-data generating section 19. The generated data are
stored in the virtual-image-data storing section 20.

[0106] Thereafter, based on the internal parameters of the
CCD cameras 13 and 14 stored in the camera parameter
storing section 16, the actual image data of the workpiece W
stored in the actual-image-data storing section 15, and the
virtual image data of the workpiece W stored in the virtual
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image data storing section 20, it is determined by the image-
data comparing section 21 whether the model data of the
whole of the machine tool 30 including the workpiece W are
accurate. In the case where it is determined that the model
data are wrong, the message to this effect is displayed on the
screen display device (not shown) ofthe operation panel 47 or
on the screen display device 12 of the computer 10, for
example.

[0107] In this manner, according to the apparatus 1 for
confirming three-dimensional model data ofthe embodiment,
the actual image of the workpiece W obtained by the CCD
cameras 13 and 14 and the virtual image of the workpiece W
generated based on the three-dimensional model data of the
whole of the machine tool 30 are compared to determine
whether the three-dimensional model data of the whole of the
machine tool 30 including the workpiece W are in accordance
with the actual state of the machine tool 30. Therefore, it is
possible to confirm easily, efficiently, and precisely whether
the three-dimensional model data of the whole of the machine
tool 30 are accurate.

[0108] Further, it is possible to prevent the interference
simulation in which inaccurate three-dimensional model data
is used, for example, or possible to prevent a case where it is
determined that there is no error in the NC program by the
interference simulation using the wrong three-dimensional
model data, and the machining is performed according to
such an NC program.

[0109] Thus, one embodiment of the present invention has
been described above. It is a matter of course that specific
modes in which the present invention can be realized are not
limited thereto.

[0110] In the above-described embodiment, the present
invention is designed to confirm whether the three-dimen-
sional model data of the whole of the machine tool 30 includ-
ing the workpiece W on the table 40 are accurate. However,
since a jig is generally used in fixing the workpiece W on the
table 40, it may be possible to confirm whether the three-
dimensional model data of the whole of the machine tool 30
including the workpiece W and the jig for fixing the work-
piece W are accurate. Further, in addition thereto, it may also
be possible to confirm whether the three-dimensional model
data of the whole of the machine tool 30 including the jig are
accurate.

[0111] In the case of confirming whether the three-dimen-
sional model data of the whole of the machine tool 30 includ-
ing the workpiece W and the jig are accurate, the three-
dimensional model data of the whole of the machine tool 30
including the workpiece W and the jig are stored in the model-
data storing section 17, the workpiece W and the jig are
imaged by the CCD cameras 13 and 14 to generate the actual
image data, at the same time, virtual image data of the work-
piece W and the jig are generated by the virtual-image-data
generating section 19, and the actual image data and the
virtual image data are compared by the image-data compar-
ing section 21, whereby it is determined whether the three-
dimensional model data of the whole of the machine tool 30
including the workpiece W and the jig are accurate. On the
other hand, in the case of confirming whether the three-
dimensional model data of the whole of the machine tool 30
including the jig are accurate, the three-dimensional model
data of the whole of the machine tool 30 including the jig are
stored in the model-data storing section 17, the jig is imaged
by the CCD cameras 13 and 14 to generate the actual image
data, at the same time, virtual image data of the jig are gen-
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erated by the virtual-image-data generating section 19, and
the actual image data and the virtual image data are compared
by the image-data comparing section 21, whereby it is deter-
mined whether the three-dimensional model data of the
whole of the machine tool 30 including the jig are accurate.
[0112] The order in which the process for imaging the
actual workpiece W by the CCD cameras 13 and 14 to gen-
erate the actual image data and the process for generating the
virtual image data of the workpiece W by the virtual-image-
data generating section 19 are executed is not particularly
limited. Either one of the processes may be performed first.
[0113] When the mount portion 40a of the table 40 is
rotated in a C-axis direction to image the workpiece W from
a plurality of rotational angle positions, and the resultant
actual image imaged from each rotational angle position and
the virtual image are compared, it becomes possible to deter-
mine more precisely whether the model data of the whole of
the machine tool 30 are accurate.

[0114] Further, it is not limited, in particular, in what cases
whether the model data of the whole of the machine tool 30
are accurate is confirmed. For example, the confirmation may
be performed when a machining start button provided on the
operation panel 47 is depressed by an operator. In this case, a
confirmation process is performed before a machining opera-
tionis executed, and when it is determined that the model data
of the whole of the machine tool 30 are wrong, an alarm is
output to stop the machining operation. Besides, the confir-
mation may also be performed when the operator finishes a
machining preparation, and then, depresses a confirmation
button provided on the operation panel 47.

[0115] Itis not always necessary that two CCD cameras 13
and 14 be arranged, and the second CCD camera 14 may be
omitted. In this case, the actual image data obtained by the
first CCD camera 13 and the virtual image data generated to
correspond to the first CCD camera 13 are compared, thereby
determining whether the model data of the whole of the
machinetool 30 are accurate. In addition, when the workpiece
W is imaged in a position that corresponds to a position where
the first CCD camera 13 is disposed and in a position that
corresponds to a position where the second CCD camera 14 is
disposed, similarly to the above case, it becomes possible to
determine whether the model data of the whole of the
machine tool 30 are accurate based on the two-dimensional
gray-level image of two different view points.

[0116] The machine tool 30 in which the apparatus 1 for
confirming three-dimensional model data is provided is not
limited, and any machine tool 30 may be possible. For
example, the machine tool 30 may be arranged not only in the
vertical machining center as in the embodiment but also in a
lathe or the like.

[0117] Further, the CCD cameras 13 and 14 may be con-
figured not to output the two-dimensional gray-level image
data but to output two-dimensional color images, and the
virtual-image-data generating section 19 may be configured
notto generate the two-dimensional gray-level image data but
to generate two-dimensional color images to determine
whether the model data of the whole of the machine tool 30
including the workpiece W are accurate based on the color
images.

INDUSTRIAL APPLICABILITY

[0118] As described indetail above, the present invention is
applicable to a method and an apparatus for confirming three-
dimensional model data, which confirm whether model data
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which are previously created, the three-dimensional model
data including a attached object attached to a machine tool
and at least a part of the machine tool, are accurate.

1. A method for confirming three-dimensional model data,
which confirms whether data which are previously created
and are related to a three-dimensional model including an
attached object attached to a machine tool and at least a part
of the machine tool, the model data including at least shape
data which define shapes of the machine tool and the attached
object, are accurate, the method comprising:

an actual-image-data generating process in which an actual

attached object attached to the machine tool is imaged
by an imaging camera from previously set one or more
view point to generate two-dimensional image data;

a virtual-image-data generating process for generating, by

a computer process, two-dimensional data of the
attached object based on the model data which are pre-
viously created and include the attached object and the at
least a part of the machine tool, the process in which a
three-dimensional space is virtually set, the three-di-
mensional model including the attached objectand the at
least a part of the machine tool is disposed within the
space, and a camera of the same condition as that of the
imaging camera is virtually set and disposed, thereby
generating the two-dimensional image data estimated to
be obtained when the attached object related to the three-
dimensional model, as well as the actual attached object,
is imaged by the camera virtually set and disposed from
the same view point as the previously set view point; and

an image-data comparing process for comparing, by a

computer process, the two-dimensional image data
related to the actual attached object generated in the
actual-image-data generating process and the two-di-
mensional image data of the attached object related to
the three-dimensional model generated in the virtual-
image-data generating process to determine whether
these two-dimensional image data match.

2. An apparatus for confirming three-dimensional model
data, which confirms whether data which are previously cre-
ated and are related to a three-dimensional model including
an attached object attached to the machine tool and at least a
part of the machine tool, the model data including at least
shape data which define shapes of the machine tool and the
attached object, are accurate, the apparatus comprising:

an imaging camera for imaging an actual attached object

attached to the machine tool from previously set one or
more view point to generate two-dimensional image
data; and

a computer to which the imaging camera is connected,

wherein

the computer is configured to function as:

model-data storing means for storing the model data which

are previously created and include the attached object
and the at least a part of the machine tool;
virtual-image-data generating means for generating two-
dimensional data of the attached object based on the
model data stored in the model-data storing means, the
means in which a three-dimensional space is virtually
set, the three-dimensional model including the attached
object and the at least a part of the machine tool is
disposed within the space, and a camera of the same
condition as that of the imaging camera is virtually set
and disposed, thereby generating the two-dimensional
image data estimated to be obtained when the attached
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object related to the three-dimensional model, as well as
the actual attached object, is imaged by the camera vir-
tually set and disposed from the same view point as the
previously set view point; and

image-data comparing means for comparing the two-di-

mensional image data related to the actual attached
object generated by the imaging camera and the two-
dimensional image data of the attached object related to
the three-dimensional model generated by the virtual-
image-data generating means to determine whether
these image data match.

3. An apparatus for confirming three-dimensional model
data arranged in a machine tool which comprises: a structural
member configured to be movable, and to which an attached
objectis attached; drive means for driving the structural mem-
ber; and control means that controls an operation of the drive
means based on a movement command of the structural mem-
ber to control a movement of the structural member, the
apparatus for confirming

whether data which are previously created and are related

to a three-dimensional model including an attached
object attached to the machine tool and at least a part of
the machine tool, the model data including at least shape
data which define shapes of the machine tool and the
attached object, are accurate, comprising:

an imaging camera for imaging an actual attached object

attached to the machine tool from previously set one or
more view point to generate two-dimensional image
data; and

a computer to which the imaging camera is connected,

wherein

the computer is configured to function as:

model-data storing means for storing the model data which

are previously created and include the attached object
and the at least a part of the machine tool;

model-data updating means that receives from the control

means the movement command or position information

Jan. 15, 2009

of the structural member, and based on the received
movement command or position information, and the
model data stored in the model-data-storing means,
updates the model data related to the at least a part of the
machine tool such that the structural member is in a state
of having moved according to the movement command
or the structural member is in a state of having moved in
a position according to the position information;

virtual-image-data generating means for generating two-
dimensional data of the attached object based on the
model data updated by the model-data updating means,
the means in which a three-dimensional space is virtu-
ally set, the three-dimensional model including the
attached object and the at least a part of the machine tool
is disposed within the space, and a camera of the same
condition as that of the imaging camera is virtually set
and disposed, thereby generating the two-dimensional
image data estimated to be obtained when the attached
object related to the three-dimensional model, as well as
the actual attached object, is imaged by the camera vir-
tually set and disposed from the same view point as the
previously set view point; and

image-data comparing means for comparing the two-di-

mensional image data related to the actual attached
object generated by the imaging camera and the two-
dimensional image data of the attached object related to
the three-dimensional model generated by the virtual-
image-data generating means to determine whether
these imaging data match.

4. The apparatus for confirming three-dimensional model
data according to claim 2 or 3, wherein the image-data com-
paring means compares a gray level value of each pixel in the
two-dimensional image data generated by the imaging cam-
eraanda gray level value of each pixel in the two-dimensional
image data generated by the virtual-image-data generating
means to determine whether these gray level values match.
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