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FIG. 18
613
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SPHERE 1 CENTER COORDINATE:Z1 0.298 mm
641 642 643 644
FIG. 19
613
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641 642 643 644
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FIG. 22
613
GEOMETRIC ELEMENT DATA
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CYLINDER 1 | END POINT COORDINATE:Y2 57.95 mm
CYLINDER 1 | END POINT COORDINATE:Z2 8.35 mm
641 642 643 644
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REVERSE ENGINEERING SUPPORT
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims foreign priority
based on Japanese Patent Application No. 2022-127395,
filed Aug. 9, 2022, and No. 2023-096924, filed Jun. 13,
2023, the contents of which are incorporated herein by
references.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The invention relates to a reverse engineering
support apparatus that supports reverse engineering for
creating a CAD drawing from data obtained by measuring a
three-dimensional shape.

2. Description of Related Art

[0003] A conventional three-dimensional measurement
apparatus is disclosed in JP 2017-227611 A. This three-
dimensional shape measurement device creates mesh data
including a large number of polygons from a point cloud
obtained by scanning a solid.

[0004] Further, a geometric element such as a plane, a
cylinder, and a rectangular parallelepiped is extracted from
the mesh data and converted into CAD data, so that reverse
engineering can be easily performed.

[0005] However, the optical resolution of a characteristic
value such as a coordinate value or a dimensional value of
the geometric element extracted from the mesh data at the
time of performing the reverse engineering is based on the
optical resolution of the measurement apparatus.

[0006] Therefore, there is a difference between the char-
acteristic value such as the coordinate value or the dimen-
sional value of the extracted geometric element and a design
intention of a user, and it is difficult to obtain CAD data as
intended by the user even if the extracted geometric element
is converted into CAD data.

SUMMARY OF THE INVENTION

[0007] An object of the invention is to provide a reverse
engineering support apparatus capable of reflecting a design
intention on a geometric element extracted from mesh data
and converting the geometric element into CAD data.
[0008] In order to achieve the above object, according to
one embodiment of the invention, a reverse engineering
support apparatus converts mesh data obtained by measuring
a three-dimensional shape of a workpiece into CAD data and
outputs the CAD data. The reverse engineering support
apparatus includes: a data acquisition unit that acquires the
mesh data; an extraction unit that extracts geometric element
data from the mesh data; a rounding unit that executes
rounding on a coordinate value or a dimensional value of the
geometric element data extracted by the extraction unit; a
conversion unit that converts the geometric element data
subjected to the rounding by the rounding unit into CAD
data; and an output unit that outputs the CAD data converted
by the conversion unit.

[0009] According to another embodiment of the invention,
the reverse engineering support apparatus having the above-
described configuration further includes a storage unit that

Feb. 15, 2024

stores the geometric element data before being subjected to
rounding by the rounding unit as primary geometric element
data, in which the rounding unit executes rounding on the
primary geometric element data stored in the storage unit to
generate secondary geometric element data.

[0010] According to still another embodiment of the
invention, the reverse engineering support apparatus having
the above-described configuration further includes a recep-
tion unit that receives selection of a conversion mode for
executing conversion into CAD data from a first conversion
mode of generating primary CAD data obtained by convert-
ing the primary geometric element data before the rounding
into CAD data and a second conversion mode of generating
secondary CAD data obtained by converting the secondary
geometric element data after the rounding into CAD data, in
which the conversion unit executes the conversion into the
CAD data based on the conversion mode received by the
reception unit.

[0011] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the rounding unit
executes the rounding with the number of significant digits
to be processed that is coarser than a first number of
significant digits which is the number of significant digits in
workpiece measurement.

[0012] According to still another embodiment of the
invention, the reverse engineering support apparatus having
the above-described configuration further includes a display
control unit that causes a display unit to display a three-
dimensional shape based on the mesh data. The display
control unit causes the display unit to display the three-
dimensional shape with display resolution of a second
number of significant digits which is the number of signifi-
cant digits of the display unit. The rounding unit executes the
rounding with the number of significant digits to be pro-
cessed that is coarser than the second number of significant
digits.

[0013] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the reception unit
receives inputs of a design value and a tolerance correspond-
ing to the workpiece. The rounding unit determines whether
to execute the rounding based on whether a difference value
between the primary geometric element data and the design
value is larger than the tolerance. The conversion unit
converts the primary geometric element data into the pri-
mary CAD data in the first conversion mode in a case where
it is determined that the difference value between the pri-
mary geometric element data and the design value is larger
than the tolerance by the determination, and converts the
secondary geometric element data into the secondary CAD
data in the second conversion mode in a case where it is
determined that the difference value between the primary
geometric element data and the design value is smaller than
the tolerance by the determination.

[0014] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the reception unit
receives inputs of a design value and a tolerance correspond-
ing to the workpiece. The rounding unit determines whether
to execute the rounding based on whether a difference value
between the primary geometric element data and the design
value is larger than the tolerance. The conversion unit
converts the primary geometric element data into the pri-
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mary CAD data in the first conversion mode in a case where
the rounding unit determines that the difference value
between the primary geometric element data and the design
value is smaller than the tolerance by the rounding unit, and
converts the secondary geometric element data into the
secondary CAD data in the second conversion mode in a
case where the rounding unit determines that the difference
value between the primary geometric element data and the
design value is larger than the tolerance.

[0015] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the reception unit
receives an input of an allowable degree corresponding to
the geometric element data. The extraction unit extracts a
plurality of pieces of geometric element data from the mesh
data. The rounding unit determines, for each of the plurality
of pieces of geometric element data, whether a difference
between the coordinate value or the dimensional value of the
secondary geometric element data and the coordinate value
or the dimensional value of the primary geometric element
data is larger than the allowable degree. The conversion unit
converts the primary geometric element data for which the
difference is determined to be larger than the allowable
degree by the rounding unit into the primary CAD data in the
first conversion mode, and converts the secondary geometric
element data for which the difference is determined to be
smaller than the allowable degree by the rounding unit into
the secondary CAD data in the second conversion mode.
[0016] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the reception unit
receives an input of an allowable degree corresponding to
the geometric element data. The extraction unit extracts a
plurality of pieces of geometric element data from the mesh
data. The rounding unit determines, for each of the plurality
of pieces of geometric element data, whether a difference
between the coordinate value or the dimensional value of the
secondary geometric element data and the coordinate value
or the dimensional value of the primary geometric element
data is larger than the allowable degree. The conversion unit
converts the primary geometric element data for which the
difference is determined to be smaller than the allowable
degree by the rounding unit into the primary CAD data in the
first conversion mode, and converts the secondary geometric
element data for which the difference is determined to be
larger than the allowable degree by the rounding unit into the
secondary CAD data in the second conversion mode.
[0017] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the storage unit
stores a reference table in which a plurality of types of
geometric element data are associated with information on
whether to execute rounding on coordinate values and
dimensional values of the plurality of types of geometric
element data, and the rounding unit specifies a target to be
subjected to the rounding based on the reference table stored
in the storage unit, acquires at least one of a coordinate value
or a dimensional value corresponding to the specified target,
and executes the rounding.

[0018] According to still another embodiment of the
invention, the reverse engineering support apparatus having
the above-described configuration further includes a setting
unit configured to make a setting of information of the
reference table. The information of the reference table is
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updated according to the setting of the information of the
reference table by the setting unit.

[0019] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the extraction
unit extracts a plurality of pieces of geometric element data
from the mesh data. The storage unit stores a processing
setting table in which the plurality of pieces of geometric
element data extracted by the extraction unit and reference
values of the rounding are associated for each piece of the
geometric element data. The rounding unit refers to the
processing setting table stored in the storage unit, acquires
a reference value corresponding to geometric element data
for which the rounding is to be executed, and executes the
rounding on at least one of the coordinate value or the
dimensional value based on the acquired reference value.
[0020] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the processing
setting table has an execution determination value used to
determine whether to execute the rounding for each piece of
the geometric element data. The rounding unit determines
whether to execute the rounding based on the execution
determination value of the processing setting table, and
executes the rounding for the geometric element data for
which it has been determined to execute the rounding by the
determination.

[0021] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the conversion
unit converts the secondary geometric element data sub-
jected to the rounding into the secondary CAD data for the
geometric element data for which it has been determined to
execute the rounding based on the execution determination
value. The primary geometric element data is converted into
the primary CAD data for the geometric element data for
which it has been determined not to execute the rounding
based on the execution determination value. The output unit
outputs CAD data in which the primary CAD data and the
secondary CAD data are assembled.

[0022] According to still another embodiment of the
invention, in the reverse engineering support apparatus
having the above-described configuration, the conversion
unit converts at least one piece of primary geometric ele-
ment data into the primary CAD data, and converts at least
one piece of secondary geometric element data into the
secondary CAD data. The output unit outputs CAD data in
which the primary CAD data and the secondary CAD data
are assembled.

[0023] According to the invention, the geometric element
extracted from the mesh data can be converted into the CAD
data while reflecting the design intention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a system diagram illustrating a configu-
ration example of a three-dimensional measurement appa-
ratus of one embodiment;

[0025] FIG. 2 is a block diagram illustrating a configura-
tion of a reverse engineering support apparatus included in
the three-dimensional measurement apparatus;

[0026] FIG. 3 is an example of a basic shape list table
illustrating basic shapes and characteristic values;

[0027] FIG. 4 is a flowchart illustrating an example of an
operation of the three-dimensional measurement apparatus;
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[0028] FIG. 5 is a flowchart illustrating an operation in a
CAD data creation process;

[0029] FIG. 6 is a schematic view of an example of a
primary geometric element database;

[0030] FIG. 7 is a schematic view of an example of a
secondary geometric element database;

[0031] FIG. 8 is a flowchart illustrating an operation in a
geometric element data extraction process;

[0032] FIG. 9 is a schematic view of an example of a
three-dimensional display screen;

[0033] FIG. 10 is a schematic view of an example of a
selection screen;

[0034] FIG. 11 is a schematic view illustrating an example
of a reference table;

[0035] FIG. 12 is a schematic view illustrating an example
of a processing setting table;

[0036] FIG. 13 is a flowchart illustrating an operation in a
processing setting table creation process;

[0037] FIG. 14 is a schematic view illustrating an example
of'a processing condition input screen displayed on a display
unit;

[0038] FIG. 15 is mesh data of a sphere measured by the
three-dimensional measurement apparatus;

[0039] FIG. 16 is a schematic view illustrating the distri-
bution of radii of the sphere illustrated in FIG. 15;

[0040] FIG. 17 is a flowchart illustrating an operation of
rounding for executing rounding;

[0041] FIG. 18 is a schematic view of primary geometric
element data of an example;

[0042] FIG. 19 is a schematic view of secondary geomet-
ric element data obtained by rounding the geometric element
data illustrated in FIG. 18;

[0043] FIG. 20 is a flowchart illustrating a part of another
example of rounding;

[0044] FIG. 21 is a schematic view of primary geometric
element data of an example;

[0045] FIG. 22 is a schematic view of secondary geomet-
ric element data obtained by rounding the geometric element
data of the geometric element illustrated in FIG. 21; and
[0046] FIG. 23 is a flowchart illustrating a part of still
another example of rounding.

DETAILED DESCRIPTION OF PREFERRED

EMBODIMENTS
[0047] <Three-Dimensional Measurement Apparatus 1>
[0048] Hereinafter, an embodiment of the invention will

be described with reference to the drawings. FIG. 1 is a
system diagram illustrating a configuration example of a
three-dimensional measurement apparatus 1 of one embodi-
ment. As will be described in detail later, the three-dimen-
sional measurement apparatus 1 measures a three-dimen-
sional shape of the workpiece W to acquire mesh data. Then,
a reverse engineering support apparatus 7 converts the mesh
data acquired by the three-dimensional measurement appa-
ratus 1 into CAD data and outputs the CAD data. As a result,
reverse engineering of the workpiece W can be performed.
The three-dimensional measurement apparatus 1 is a mea-
surement device that optically measures a shape of the
workpiece W, and includes a measurement unit 2, a con-
troller 4, and an information processing terminal 5.

[0049] <Measurement Unit 2>

[0050] The measurement unit 2 includes a stage 21, a
rotation drive unit 22, an imaging unit 23, light projection
units 24, texture illumination emission units 25, and a
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control board 26. The measurement unit 2 irradiates the
workpiece W on the stage 21 with detection light of visible
light, receives the detection light reflected by the workpiece
W, and generates a captured image.

[0051] The stage 21 is a work table having a horizontal
and flat placement surface on which the workpiece W is to
be placed. The stage 21 includes a disk-shaped stage plate
211 and a stage base 212 that supports the stage plate 211.
[0052] The rotation drive unit 22 rotates the stage 21 about
a rotation axis in the vertical direction in order to adjust an
imaging angle with respect to the workpiece W on the stage
21.

[0053] The imaging unit 23 is a camera with fixed mag-
nification that captures an image of the workpiece W on the
stage 21, and includes a light receiving lens 231 and an
imaging element 232. The imaging element 232 receives
light from the workpiece W via the light receiving lens 231
and generates a captured image. As the imaging element
232, for example, an image sensor such as a charge coupled
device (CCD) or a complementary metal oxide semiconduc-
tor (CMOS) is used. The imaging element 232 is, for
example, a monochrome image sensor. Note that the mag-
nification of the imaging unit 23 is not necessarily the fixed
magnification, and a camera with variable magnification
may be used.

[0054] The light projection unit 24 is an illumination
apparatus that irradiates the workpiece W on the stage 21
with measurement light, and includes a projection light
source 241, a collector lens 242, a pattern generation unit
243, and a light projection lens 244. As the projection light
source 241, for example, a light emitting diode (LED) or a
halogen lamp that generates monochromatic light is used. It
is more advantageous to use the monochromatic projection
light source 241 as the projection light source 241 than to
use a white light source since chromatic aberration correc-
tion and the like are easy. Further, it is preferable to use a
blue light source, for example, a blue LED as the projection
light source 241 since a shorter wavelength is more advan-
tageous for increasing the resolution of three-dimensional
shape data. However, a wavelength at which the imaging
element 232 can receive light with a favorable S/N is
selected.

[0055] The detection light emitted from the projection
light source 241 is incident on the pattern generation unit
243 via the collector lens 242. Then, the detection light
emitted from the pattern generation unit 243 is emitted to the
workpiece W on the stage 21 via the light projection lens
244.

[0056] The pattern generation unit 243 is an apparatus
configured to generate pattern light for structured illumina-
tion, and can switch between uniform detection light and
detection light having a two-dimensional pattern. For
example, a digital micromirror device (DMD) or a liquid
crystal panel is used as the pattern generation unit 243. The
DMD is a display element in which a large number of minute
mirrors are two-dimensionally arranged, and a bright state
and a dark state can be switched for each pixel by controlling
an inclination of each of the mirrors.

[0057] Examples of a structured illumination method for
measuring a three-dimensional shape of the workpiece W
using the principle of triangulation include a sinusoidal
phase-shifting method, a multi-slit method, a spatial coding
method, and the like. The sinusoidal phase-shifting method
is an illumination method in which a sinusoidal stripe
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pattern is projected on the workpiece W, and a captured
image is acquired each time the stripe pattern is moved at a
pitch shorter than the sinusoidal cycle. Point cloud data
representing the three-dimensional shape of the workpiece
W is generated by obtaining a phase value of each pixel from
a luminance value of each captured image and converting
the value into height information. Then, mesh data in which
polygonal planes (polygons) coupling a plurality of point
clouds of the point cloud data are combined is generated
using a predetermined algorithm. In the following descrip-
tion, three-dimensional shape data includes point cloud data
and mesh data.

[0058] The multi-slit method is an illumination method in
which a thin stripe pattern is projected on the workpiece W,
and of a captured image is acquired each time the stripe
pattern is moved at a pitch narrower than an interval between
stripes. Three-dimensional shape data is obtained by deter-
mining a capturing timing of the maximum luminance of
each pixel from a luminance value of each captured image
and converting the timing into height information.

[0059] The spatial coding method is an illumination
method in which a plurality of stripe patterns having differ-
ent stripe pattern widths and the duty ratio of black/white
being 50% are sequentially projected onto the workpiece W
to acquire captured images. Three-dimensional shape data is
obtained by determining a code value of each pixel from a
luminance value of each captured image and converting the
value into height information.

[0060] In the pattern generation unit 243, the above-
described stripe pattern can be generated as the two-dimen-
sional pattern. In the three-dimensional measurement appa-
ratus 1 of the present embodiment, three-dimensional shape
data is acquired with high optical resolution and high
accuracy by combining the multi-slit method and the spatial
coding method.

[0061] Further, two light projection units 24 are arranged
in a left-right symmetrical manner across the imaging unit
23. Light projection axes J2 and J3 of the respective light
projection unit 24 are inclined with respect to a light
reception axis J1 of the imaging unit 23 in order to use the
principle of triangulation. In the light projection units 24, the
light projection axes J2 and J3 are inclined by offsetting the
light projection lenses 244 toward the light reception axis J1
with respect to optical axes of the projection light sources
241, the collector lenses 242, and the pattern generation
units 243. Since such a configuration is adopted, the mea-
surement unit 2 can be downsized as compared with a case
where the entire light projection unit 24 is inclined.

[0062] The texture illumination emission unit 25 emits
uniform illumination light of visible light toward the work-
piece W on the stage 21 in order to detect a color, a pattern,
and the like of the workpiece W as surface texture infor-
mation. The texture illumination emission units 25 are
arranged to surround the light receiving lens 231 of the
imaging unit 23 with light projection axes being substan-
tially parallel to the light reception axis J1 of the imaging
unit 23. Therefore, a shadow is less likely to be formed on
the workpiece W, and a blind spot at the time of capturing
is reduced as compared with the illumination from the light
projection units 24.

[0063] The control board 26 is a circuit board provided
with a control circuit that controls the rotation drive unit 22,
a drive circuit that drives the projection light sources 241
and the pattern generation units 243 of the light projection
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units 24, a processing circuit that processes a detection
signal from the imaging element 232 of the imaging unit 23,
and the like. That is, the control board 26 controls each unit
of'the measurement unit 2 and processes the detection signal
detected by the imaging unit 23.

[0064] The controller 4 is a control apparatus of the
measurement unit 2, and includes a texture light source 41,
a control board 42, and a power supply 43. The texture light
source 41 generates illumination light for texture illumina-
tion. The control board 42 is provided with a drive circuit
and the like for the texture light source 41. The power supply
43 supplies power to each device in the measurement unit 2.
[0065] For example, the texture light source 41 sequen-
tially turns on illumination light of each color of red (R),
green (G), and blue (B) in order to obtain a color texture
image from a captured image. When the imaging element
232 is a monochrome image sensor, it is difficult to acquire
color information in a case where texture information is
acquired using a white light source as the texture light source
41. Therefore, the texture light source 41 performs illumi-
nation by switching among RGB.

[0066] The information processing terminal 5 is a terminal
apparatus that controls the measurement unit 2 and performs
screen display of a captured image, registration of setting
information for dimension measurement, generation of
three-dimensional shape data, dimension calculation of the
workpiece W, and the like.

[0067] The information processing terminal 5 includes a
display unit 51, a keyboard 52, a mouse 53, a storage unit 54
(see FI1G. 2), a CPU 55 (see FIG. 2), and a three-dimensional
data generation unit 56 (see FI1G. 2). The CPU 55 is a control
circuit or a control element that processes a given signal or
data, performs various computations, and outputs computa-
tion results. In the present specification, the CPU 55 means
an element or a circuit that performs computations, and is
not limited to its name. The CPU 55 is not limited to, for
example, a CPU for a general-purpose PC and processors
such as an MPU, a GPU, and a TPU, but is a concept
including processors such as an FPGA, an ASIC, and an LSI,
a microcomputer, and a chip set such as an SoC.

[0068] The storage unit 54 is a circuit that includes storage
media such as a semiconductor memory such as a ROM or
a RAM, a portable semiconductor memory such as a flash
memory, and a hard disk or that is connected to the storage
media. The storage unit 54 stores the operation program, the
setting information, the mesh data of the three-dimensional
shape, and the like. Further, the storage unit 54 stores data
tables such as a reference table Th1 and a processing setting
table Tbh3.

[0069] The display unit 51 is, for example, a monitor
apparatus that includes a display panel such as a liquid
crystal panel or an organic EL panel and displays the
captured image, the mesh image, the setting information,
and the like on the screen. The keyboard 52 and the mouse
53 are input apparatuses used by a user to perform operation
input. Note that, as an operation input apparatus, a so-called
touch panel apparatus used to perform input by coming into
contact with an image displayed on the display unit 51 may
be adopted. The information processing terminal 5 is, for
example, a personal computer, is connected to the control
board 26 of the measurement unit 2, and acquires imaging
data from the control board 26.

[0070] The three-dimensional data generation unit 56 may
be a program operated by the CPU 55. In this case, the
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program of the three-dimensional data generation unit 56 is
stored in the storage unit 54. That is, in the information
processing terminal 5, the CPU 55 realizes the function of
the three-dimensional data generation unit 56. The three-
dimensional data generation unit 56 measures position infor-
mation of a plurality of measurement points in a three-
dimensional space, and generates point cloud data
representing a three-dimensional shape of the workpiece W.
Note that the point cloud data is generated based on, for
example, a captured image acquired from the imaging unit
23 of the measurement unit 2. Then, mesh data in which
surfaces are covered with polygons having a plurality of
point clouds, set by a predetermined algorithm in the point
cloud data, as vertexes is generated.

[0071] The mesh data generated by the three-dimensional
data generation unit 56 is stored in the storage unit 54. Note
that the imaging data and the point cloud data may also be
stored in the storage unit 54. At this time, the imaging data
and the point cloud data may be stored in association with
the mesh data. The three-dimensional data generation unit
56 may be an electric circuit independent of the CPU 55.

<Reverse Engineering Support Apparatus 7>

[0072] FIG. 2 is a block diagram illustrating a configura-
tion of the reverse engineering support apparatus 7 included
in the three-dimensional measurement apparatus 1. The
reverse engineering support apparatus 7 includes the infor-
mation processing terminal 5 and includes a CPU 55 that
controls each unit. The keyboard 52, the mouse 53, and the
storage unit 54 are connected to the CPU 55. Further, the
display unit 51 and the imaging unit 23 are connected to the
CPU 55 via the display control unit 75 and the control board
26, respectively.

[0073] As illustrated in FIG. 2, the reverse engineering
support apparatus 7 includes a data acquisition unit 71, a
reception unit 72, an extraction unit 73, a rounding unit 74,
a display control unit 75, a determination unit 76, a conver-
sion unit 77, and an output unit 78. The reception unit 72, the
extraction unit 73, the rounding unit 74, the display control
unit 75, the determination unit 76, the conversion unit 77,
and the output unit 78 may be software that functions by
executing an operation program of the reverse engineering
support apparatus 7, or may be realized by the CPU 55.
[0074] The data acquisition unit 71 acquires mesh data
(polygon data) of the workpiece W measured by the mea-
surement unit 2. In the reverse engineering support appara-
tus 7, the mesh data acquired by the data acquisition unit 71
is stored in the storage unit 54. Further, the data acquisition
unit 71 passes the acquired mesh data to the extraction unit
73 and the display control unit 75. Although the configura-
tion in which the data acquisition unit 71 acquires the mesh
data from the measurement unit 2 is illustrated in the present
embodiment, the embodiment is not limited thereto. There is
also a case where the data acquisition unit 71 reads three-
dimensional data (mesh data) stored in the storage unit 54
and passes the three-dimensional data to the extraction unit
73 and the display control unit 75. Furthermore, it may be
configured to acquire mesh data separately measured and
stored in an external storage such as a server or a cloud.
[0075] The reception unit 72 receives user’s selection
from geometric element candidates displayed on the display
unit 51. Further, an input of a condition at the time of
executing rounding on a characteristic value of geometric
element data, which is data of an extracted geometric
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element, is received. The reception of the selection and the
input from the user is executed based on a user operation
through the keyboard 52 or the mouse 53. Note that the
characteristic value is data necessary for specifying a geo-
metric element. For example, when being an ellipse, a
geometric element is specified by data of a center coordi-
nate, a start point coordinate, a long radius, and a short
radius (see FIG. 3). That is, the characteristic value is a
numerical value such as a coordinate value or a dimensional
value for specifying a geometric element.

[0076] Examples of the condition for the rounding can
include selection of a rounding target of a geometric element
to be subjected to rounding, a coordinate system (for
example, a coordinate system of the three-dimensional mea-
surement apparatus 1) serving as a reference in rounding, a
reference value at the time of executing rounding, and an
allowable degree. More specifically, the reception unit 72
can receive an input of whether to execute rounding on a
rounding target (a coordinate value or a dimensional value
such as a length or a radius) of the geometric element and
inputs of the reference value and the allowable degree.
Further, it is also possible to receive an input other than
these.

[0077] The extraction unit 73 extracts geometric element
data from the mesh data. Here, the geometric element data
is, for example, data such as “Point”, “Straight line”, and
“Ellipse” which are two-dimensional shapes, and “Cylin-
der”, “Sphere”, and the like which are three-dimensional
shapes, in other words, data corresponding to a basic shape.
A shape of the basic shape is specified by a coordinate value
or a dimensional value (characteristic value). The basic
shapes illustrated in FIG. 3 are examples, and are not limited
thereto. The storage unit 54 may store a shape other than the
basic shapes illustrated in FIG. 3 and a characteristic value
thereof as a basic shape.

[0078] Here, the basic shape will be described. FIG. 3 is
an example of a basic shape list table illustrating basic
shapes and characteristic values. A basic shape list table Th0
indicates shape names of the basic shapes and the charac-
teristic values thereof stored in the storage unit 54. The basic
shape is a shape to be extracted from the mesh data by the
extraction unit 73.

[0079] The basic shape list table Tb0 includes a shape
name field T01, a first characteristic field T02, a second
characteristic field T03, a third characteristic field T04, a
fourth characteristic field T05, and an image field T06.
[0080] The shape name field T01 indicates a general shape
name of the basic shape. The above-described shape name of
the basic shape corresponds to the shape name displayed in
the shape name field T01. The first characteristic field T02
indicates data clearly indicating “Coordinate” which is a
coordinate value as a characteristic value of a point neces-
sary for specifying the basic shape. For example, in a case
where the basic shape is a cylinder, it is indicated that at least
coordinates of centers of circles at both ends in the axial
direction are necessary. Note that the coordinates of the
respective basic shapes are given as illustrated in schematic
views in the image field T06.

[0081] The second characteristic field T03 indicates data
clearly indicating “Length” which is a dimensional value as
a characteristic value. Note that “Length”, which is the
dimension of the basic shape, is redundant information
defined by a start point and an end point, and thus, may be
used together with the coordinate value in a format of a
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combination of the start point and the length, a combination
of'the end point and the length, or the like. Further, in a case
where a shape can be specified only by the coordinate, the
data clearly indicating “Length” may be omitted and “-”
may be set on the second characteristic field T03. The third
characteristic field T04 is “Radius” which is a dimensional
value as a characteristic value set to a shape related to a
circle. The image field T06 illustrates the schematic view
illustrating the characteristic value in each of the basic
shapes.

[0082] The extraction unit 73 searches the mesh data for
portions that fit a basic shape and similar shapes thereof.
Then, the extraction unit 73 specifies a portion similar to the
basic shape as a geometric element candidate based on a
position on the mesh data designated by the user and a type
of the basic shape. Then, the extraction unit 73 extracts
geometric element data obtained by fitting data of the
identified geometric element candidate to the basic shape.
That is, the geometric element data extracted here is data of
the basic shape extracted from the mesh data. As an algo-
rithm for fitting a shape identical or similar to the basic
shape to the mesh data, a statistical method known in the
related art can be used. For example, the extraction unit 73
specifies a three-dimensional position, an attitude, and a size
of the geometric element candidate by the least squares
method based on a distance between a measurement point
constituting the mesh data and the basic shape.

[0083] The basic shapes are shapes preset in the reverse
engineering support apparatus 7. The extraction unit 73
extracts the geometric element data by fitting the mesh data
to the basic shapes. As described above, the basic shapes
have different characteristic values and are different shapes.
Therefore, an algorithm for searching the data of the geo-
metric element candidate is set for each of the basic shapes.
Thus, a basic shape can be added together with an algorithm.
Examples of the addition of a basic shape can include a case
where a basic shape is supplied from a manufacturer of the
reverse engineering support apparatus 7. Further, in a case
where the user can obtain or produce a program of an
algorithm, the user may be allowed to independently add a
basic shape. Note that the characteristic value is not limited
to these numerical values, and any numerical value indicat-
ing a shape characteristic necessary for specifying a geo-
metric element can be widely adopted.

[0084] The rounding unit 74 executes rounding on the
geometric element data extracted by the extraction unit 73.
Details of the rounding will be described later.

[0085] The display control unit 75 creates display data to
be displayed on the display unit 51 based on three-dimen-
sional shape data in the storage unit 54. For example, display
data for displaying a three-dimensional shape of an object
body in which a large number of measurement points are
three-dimensionally arranged as viewed from a predeter-
mined viewpoint, on the screen of the display unit 51 is
created. A position, a viewpoint, and a display magnification
of the three-dimensional shape (the workpiece W) in the
screen can be freely designated. Further, the display control
unit 75 may acquire a display resolution (resolution) of the
display unit 51 and create display data optimized according
to the acquired display resolution. Note that, in the case of
displaying the three-dimensional shape of the workpiece W,
the display control unit 75 may display the mesh data as it
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is, or may display the texture image mapped on the three-
dimensional shape data such as the point cloud data and the
mesh data.

[0086] The determination unit 76 determines whether to
execute rounding on the extracted geometric element data
based on the content received by the reception unit 72. Note
that examples of the determination here can include a
determination based on a difference between primary geo-
metric element data before rounding and a design value, and
a determination based on a deviation of secondary geometric
element data after rounding from the primary geometric data
before rounding. This determination process may be
executed by the above-described rounding unit 74 instead of
the determination unit 76.

[0087] The conversion unit 77 converts the secondary
geometric element data, which is the geometric element data
obtained by rounding in the rounding unit 74, into CAD
data. Note that the conversion unit 77 can also convert the
primary geometric element data before rounding into CAD
data. That is, the conversion unit 77 can generate the CAD
data in two types of conversion modes of a first conversion
mode in which primary geometric element data is converted
into primary CAD data and a second conversion mode in
which secondary geometric element data is converted into
secondary CAD data. The output unit 78 outputs the CAD
data converted by the conversion unit 77.

[0088] The measurement control unit 79 controls the stage
21, the imaging unit 23, the light projection units 24, and the
texture light source 41 via the control boards 26 and 42 to
capture an image of the workpiece W. The setting unit 70
sets a processing condition for performing processing to the
processing setting table Tb3 and the like. Note that the
setting unit 70 may set an operation condition, a measure-
ment condition, and the like of the reverse engineering
support apparatus 7 in addition to the processing condition.
[0089] The reverse engineering support apparatus 7 is a
program that operates on the CPU 55 of the information
processing terminal 5 in the present embodiment, but is not
limited thereto, and at least a part thereof may be a dedicated
electric circuit. Further, the reverse engineering support
apparatus 7 may be provided independently of the informa-
tion processing terminal 5. Also in this case, at least a part
thereof may be a program, or at least a part thereof may be
a dedicated electric circuit.

[0090] FIG. 4 is a flowchart illustrating an example of an
operation of the three-dimensional measurement apparatus
1. When the three-dimensional measurement apparatus 1 is
activated, the imaging unit 23 captures an image of the
workpiece W placed on the stage 21 under the control of the
measurement control unit 79 in Step S101. The display
control unit 75 causes the display unit 51 to display the
captured image obtained by capturing the workpiece W
using the imaging unit 23. Then, the reception unit 72
receives adjustment of brightness of a projection illumina-
tion, and sends information on the received brightness of the
projection illumination to the control board 26. The control
board 26 controls the light projection units 24 based on
information on the brightness of the projection illumination
from the reception unit 72.

[0091] In Step S102, the measurement control unit 79
switches to a texture illumination, acquires a captured
image, and displays the captured image on the display unit
51 to perform brightness adjustment of the texture illumi-
nation. This brightness adjustment is performed by causing
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the texture illumination emission unit 25 to sequentially or
simultaneously emit illumination light of each color of red
(R), green (G), and blue (B). The order of Steps S101 and
S102 may be changed.

[0092] In Step S103, the measurement control unit 79
determines whether the reception unit 72 has received a
measurement start instruction from the user. The processing
procedure of Steps S101 and S102 are repeated until the
reception unit 72 receives the measurement start instruction
from the user (No in Step S103). When the reception unit 72
receives the measurement start instruction from the user
(Yes in Step S103), the flow proceeds to Step S104. In Step
S104, the light projection units 24 start projecting pattern
light. In the next Step S105, the imaging unit 23 acquires a
pattern image. This pattern image is a captured image
obtained by capturing the workpiece W on the stage 21. The
projection of the pattern light and the acquisition of the
captured image are performed by synchronizing the pattern
generation units 243 and the imaging unit 23.

[0093] In Step S106, the measurement control unit 79
switches from the pattern light from the light projection
units 24 to the texture illumination from the texture illumi-
nation emission unit 25. In the next Step S107, the imaging
unit 23 acquires a texture image. This texture image is
obtained by combining a plurality of captured images
acquired by sequentially emitting illumination light of each
color of red (R), green (G), and blue (B).

[0094] In Step S108, the measurement control unit 79
determines whether image capturing has ended. At the time
of continuous measurement, the measurement control unit
79 controls the imaging unit 23 and the light projection units
24 via the control board 26, and repeats the processing
procedure from Step S104 to Step S107 while sequentially
switching the stage 21 to a plurality of imaging angles
designated in advance. When the image capturing has ended
(Yes in Step S108), the flow proceeds to Step S109.
[0095] In Step S109, the three-dimensional data genera-
tion unit 56 generates mesh data of a three-dimensional
shape based on the pattern image acquired in Step S105, and
stores the mesh data in the storage unit 54.

[0096] In Step S110, the three-dimensional data genera-
tion unit 56 determines whether three-dimensional shape
data has been obtained for a desired measurement site. When
desired data is not obtained (No in Step S110), the process-
ing procedure from Step S101 to Step S109 is repeated while
changing an imaging angle, a capturing condition, and the
like. When the desired data is obtained (Yes in Step S110)
and an instruction for data analysis from the user is received,
the flow proceeds to Step S111.

[0097] In Step S111, the measurement control unit 79
maps the texture image on the mesh data stored in Step
S109. In Step S112, the display control unit 75 causes the
display unit 51 to display a three-dimensional shape on
which the texture image has been mapped as three-dimen-
sional shape of the workpiece W.

[0098] In the next Step S113, the three-dimensional data
generation unit 56 performs data analysis of the three-
dimensional shape data to calculate desired data such as
dimensions of the workpiece W. The three-dimensional data
generation unit 56 stores the calculated data in the storage
unit 54 in association with the mesh data.

[0099] In Step S114, the three-dimensional data genera-
tion unit 56 determines whether the reception unit 72 has
received an instruction to create CAD data from the mesh
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data. In a case where there is no instruction to create CAD
data (No in Step S114), the three-dimensional data genera-
tion unit 56 ends the operation of the three-dimensional
measurement apparatus 1. In a case where the reception unit
72 has received the instruction to create CAD data (Yes in
Step S114), a CAD data creation process illustrated in FIG.
5 is performed by the conversion unit 77 and the like in Step
S115, and then, the operation of the three-dimensional
measurement apparatus 1 is ended.

[0100] In the reverse engineering support apparatus 7,
elements (hereinafter, referred to as basic measurement
elements) such as a distance between elements, positions of
elements, a position and a shape of an element in the
workpiece W, a size of an element with respect to the
workpiece W, and an element to be subjected to CAD
conversion, are selected. Then, the selected basic measure-
ment elements are temporarily stored in the storage unit 54.

<CAD Data Creation Process>

[0101] FIG. 5is a flowchart illustrating an operation in the
CAD data creation process. In Step S201, the data acquisi-
tion unit 71 reads mesh data from the storage unit 54. In Step
S202, the display control unit 75 generates display data for
displaying a three-dimensional shape of the workpiece W on
the display unit 51 based on the mesh data acquired by the
data acquisition unit 71. Then, the display control unit 75
displays the three-dimensional shape of the workpiece W on
the display unit 51 based on the generated display data (a
three-dimensional display screen 61 in FIG. 9 to be
described later).

[0102] After the three-dimensional shape is displayed on
the display unit 51, the flow proceeds to Step S203, and a
geometric element extraction process of extracting geomet-
ric element data illustrated in FIG. 9 is executed by the
extraction unit 73. At this time, the extraction unit 73 stores
the extracted geometric element data in a primary geometric
element database Dbl included in the storage unit 54 as
primary geometric element data.

[0103] After the geometric element data is extracted in
Step S203, the flow proceeds to Step S204. In Step S204, the
determination unit 76 determines whether to execute round-
ing on the geometric element data. Note that this determi-
nation processing may be executed by the rounding unit 74
instead of the determination unit 76. Further, in Step S204,
it can be determined not to execute rounding in a case where
rounding is not to be executed for all pieces of geometric
element data stored in the primary geometric element data-
base Dbl. More specifically, in a case where rounding is
executed on a part of the geometric element data stored in
the primary geometric element database Db1, the determi-
nation unit 76 determines to execute rounding.

[0104] When the determination unit 76 determines to
execute rounding (Yes in Step S204), the flow proceeds to
Step S205. In Step S205, the setting unit 70 executes a
processing setting table creation process of creating the
processing setting table Tb3 illustrated in FIG. 12. In the
next Step S206, rounding illustrated in FIG. 17 is executed
with reference to the processing setting table Th3. Note that
details of the processing setting table creation process and
the rounding will be described later.

[0105] In Step S204, when the determination unit 76
determines not to execute rounding (NO in Step S204) or
after rounding of the geometric element data is executed in
Step S206, the flow proceeds to Step S207. In Step S207, the
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conversion unit 77 illustrated in FIG. 2 converts the primary
geometric element data extracted in Step S203 or the sec-
ondary geometric element data subjected to rounding in Step
S206 into CAD data.

[0106] In Step S207, the conversion unit 77 refers to a
secondary geometric element database Db2 to be described
later, and executes CAD conversion of the secondary geo-
metric element data in a case where the secondary geometric
element data exists. Further, the conversion unit 77 executes
CAD conversion of the primary geometric element data in a
case where the secondary geometric element data does not
exist. Note that CAD data obtained by converting the
primary geometric element data is defined as primary CAD
data, and CAD data obtained by converting the secondary
geometric element data is defined as secondary CAD data.
Further, the CAD conversion performed by the conversion
unit 77 to generate the primary CAD data is referred to as a
first CAD conversion mode, and the CAD conversion per-
formed by the conversion unit 77 to generate the secondary
CAD data is referred to as a second CAD conversion mode.
[0107] Next, in Step S208, the output unit 78 illustrated in
FIG. 2 outputs the CAD data created in Step S207 and stores
the CAD data in the storage unit 54.

[0108] Further, in a case where a plurality of pieces of
geometric element data are created, the conversion unit 77
can assemble the plurality of pieces of geometric element
data and convert the data into one piece of CAD data. Then,
the output unit 78 outputs the one piece of CAD data
assembled by the conversion unit 77. Note that the plurality
of pieces of geometric element data may include primary
geometric element data and secondary geometric element
data in a mixed manner. That is, the conversion unit 77 can
convert the primary geometric element data and the second-
ary geometric element data into one piece of assembled
CAD data, and output the one piece of assembled CAD data
from the output unit 78.

[0109] The extraction unit 73 extracts primary geometric
element data from the mesh data, and stores the extracted
primary geometric element data in the primary geometric
element database Dbl of the storage unit 54. Here, the
primary geometric element database Db1 will be described
with reference to the drawing. FIG. 6 is a schematic view of
an example of the primary geometric element database Db1.
[0110] The primary geometric element database Db1 illus-
trated in FIG. 6 includes an identification name field D11, a
characteristic point field D12, a coordinate field D13, a
length field D14, and a radius field D15. The identification
name field D11 stores an identification name of the extracted
geometric element data. In the primary geometric element
database Dbl illustrated in FIG. 6, for example, “Cylinder
1 is stored as the identification name.

[0111] The characteristic point field D12 is data clearly
indicating a position of “Coordinate” as a characteristic
value of a point necessary for specifying the geometric
element data associated with the identification name. In
“Cylinder 17, “Start point” and “End point” are stored in the
characteristic point field D12. The characteristic point field
D12 is information stored in the first characteristic field T02
of the basic shape list table Tb0 illustrated in FIG. 3.
[0112] A coordinate value of the position indicated in the
characteristic point field D12 is stored in the coordinate field
D13. Note that (X-coordinate value, Y-coordinate value,
Z-coordinate value) is stored in the coordinate field D13 of
the primary geometric element database Dbl illustrated in

Feb. 15, 2024

FIG. 6. For example, coordinate values are stored at the start
point and the end point, respectively, in the primary geo-
metric element database Dbl.

[0113] The length field D14 stores a dimensional value of
“Length” among the characteristic values of the geometric
element data. Note that there is a case where certain geo-
metric element data does not have “Length” as the charac-
teristic value. In this case, the length field D14 correspond-
ing to the geometric element data is indicated by “-”. For
example, in the primary geometric element database Dbl
illustrated in FIG. 6, in the case of “Cylinder 17, the length
field D14 is “-” since “Length” as the characteristic value is
not included.

[0114] The radius field D15 stores a dimensional value of
“Radius” among the characteristic values of the geometric
element data. Note that there is a case where certain geo-
metric element data does not have “Radius™ as the charac-
teristic value. In this case, the radius field D15 correspond-
ing to the geometric element data is indicated by “-”. For
example, in the case of the “Cylinder 17, a dimensional
value of “Radius” as the characteristic value is stored in the
radius field D15 since “Radius” as the characteristic value is
included.

[0115] The primary geometric element database Db1 illus-
trated in FIG. 6 stores the geometric element data extracted
from the mesh data by the extraction unit 73 and the
characteristic values thereof.

[0116] Further, the secondary geometric element data,
generated as the rounding unit 74 executes rounding on the
primary geometric element data, is stored in the secondary
geometric element database Db2 of the storage unit 54. FIG.
7 is a schematic view of an example of the secondary
geometric element database Db2. Note that each field of the
secondary geometric element database Db2 is the same as
each field of the primary geometric element database Db1.
Therefore, detailed description of the secondary geometric
element database Db2 will be omitted, and the correspon-
dence with each field of the primary geometric element
database Dbl will be described.

[0117] An identification name field D21 corresponds to the
identification name field D11. A characteristic point field
D22 corresponds to the characteristic point field D12. A
coordinate field D23, a length field D24, and a radius field
D25 correspond to the coordinate field D13, the length field
D14, and the radius field D15, respectively. The identifica-
tion name field D21 and the characteristic point field D22
store the same values as those in the identification name field
D11 and the characteristic point field D22. Further, the
coordinate field D23, the length field D24, and the radius
field D25 store values after rounding of numerical values of
the coordinate field D13, the length field D14, and the radius
field D15, respectively.

<Geometric Element Data Extraction Process>

[0118] FIG. 8 is a flowchart of the geometric element data
extraction process. As illustrated in FIG. 8, in Step S301, the
extraction unit 73 searches for a portion (geometric element
candidate) similar to a basic shape based on a position on the
mesh data designated by the user and a type of the basic
shape, and specifies one geometric element candidate. More
specifically, the extraction unit 73 uses an algorithm for
extracting geometric element data set for each of the basic
shapes to specify the portion similar to the basic shape as the
geometric element candidate. After the geometric element
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candidate is specified in Step S301, the flow proceeds to
Step S302. In Step S302, the extraction unit 73 extracts one
piece of geometric element data by fitting data of the
identified geometric element candidate in the mesh data to
the basic shape. After the geometric element data is
extracted in Step S302, the flow proceeds to Step S303.
[0119] In Step S303, the extraction unit 73 acquires a
characteristic value of the geometric element data extracted
in Step S302. As described in the basic shape list table Th0
illustrated in FIG. 3, the characteristic value is a numerical
value such as a coordinate value or a dimensional value for
specifying the geometric element (basic shape). The char-
acteristic value of the geometric element data is stored in the
storage unit 54 as a part of the basic measurement elements
in association with the identification name of the geometric
element data. Note that the storage of the characteristic value
and the identification name of the geometric element data
may be temporary storage, or may be stored until, for
example, there is a deletion instruction from the user (the
reception unit 72 receives that a cancel key 629 has been
operated on a selection screen 62 illustrated in FIG. 10 to be
described later).

[0120] In Step S304, the extraction unit 73 determines
whether all pieces of geometric element data have been
extracted. Here, “all pieces of geometric element data have
been extracted” means that all pieces of geometric element
data desired to be extracted by the user (in other words,
desired to be converted to CAD data) in the mesh data have
been extracted. Then, the fact that “all pieces of geometric
element data have been extracted” is decided by the user.
Specifically, when the reception unit 72 receives that ab OK
key 628 of a selection screen 511 has been operated, the
extraction unit 73 determines that the extraction unit 73 has
extracted all pieces of the geometric element data.

[0121] When the extraction of all pieces of geometric
element data has not been completed (No in Step S304), the
extraction unit 73 repeats Steps S301 to S303 to continue
extracting geometric element data. Further, when the extrac-
tion of all pieces of geometric element data has been
completed (Yes in Step S304), in Step S305, the extraction
unit 73 extracts a CAD conversion target element, that is,
geometric element data, from the basic measurement ele-
ments currently stored in the storage unit 54.

[0122] In the next Step S306, the extraction unit 73 stores
all pieces of the extracted geometric element data in the
primary geometric element database Db1 (see FIG. 6) of the
storage unit 54. Then, the CPU 55 ends the geometric
element data extraction process, and returns to Step S204 of
the flowchart illustrated in FIG. 5.

[0123] Next, the three-dimensional display screen 61
which is a user interface at the time of extracting geometric
element data will be described with reference to FIG. 9. The
three-dimensional display screen 61 illustrated in FIG. 9 is
used to select or extract basic measurement elements to be
measured in three-dimensional display of the workpiece W.
Note that the “basic measurement elements” includes the
geometric element data according to the present embodi-
ment, and further includes an element for confirming a
position, an element for measuring a distance, and the like.
These elements are examples of the basic measurement
elements, and are not limited thereto.

[0124] The three-dimensional display screen 61 illustrated
in FIG. 9 includes a workpiece display area 611, a basic
shape selection area 612, a measurement element display
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area 613, and a geometric element data display area 614. The
workpiece display area 611 is an area for displaying three-
dimensional shape data of the workpiece W. The three-
dimensional shape data of the workpiece W based on mesh
data and point cloud data is displayed in the workpiece
display area 611.

[0125] Further, the three-dimensional shape data dis-
played in the workpiece display area 611 may be the mesh
data and the point cloud data, or the mesh data mapped with
a texture image may be displayed. When the mesh data
mapped with the texture image is displayed in the workpiece
display area 611, it is possible to reproduce an actual
appearance of the workpiece W on the display unit 51. As a
result, for example, the user can easily visually recognize a
state of the surface of the workpiece W such as unevenness
or a crack.

[0126] Inthe workpiece display area 611, the three-dimen-
sional shape data of the workpiece W can be rotated. As a
result, the workpiece W can be displayed while changing a
viewpoint and changing an angle. Note that the three-
dimensional shape of the workpiece W may be rotated for
switching to a predetermined viewpoint, or may be rotated
in accordance with the movement of the mouse 53 or the
like.

[0127] In the basic shape selection area 612, a plurality of
shape selection keys 615 for selecting the basic shapes are
arranged. The plurality of shape selection keys 615 are
associated with the basic shapes illustrated in FIG. 3,
respectively, and the shape names of the shape name field
T01 are displayed below the shape selection keys 615. Note
that images indicating the basic shapes may be displayed on
the shape selection keys 615.

[0128] In FIG. 9, as the plurality of shape selection keys
615, for example, two-dimensional shapes or three-dimen-
sional shapes having similar characteristics of basic shapes
are collectively arranged. However, the arrangement of the
shape selection keys 615 in the basic shape selection area
612 is not limited to this arrangement, and for example, the
user may change the arrangement, the arrangement in order
of use frequency may be possible. Since such a basic shape
selection area 612 is provided, it is easy for the user to select
the basic shape.

[0129] As illustrated in FIG. 9, the selected or extracted
basic measurement elements are displayed in a tree in the
measurement element display area 613. The basic measure-
ment elements are elements for measuring predetermined
numerical values in the workpiece W. Examples of the basic
measurement elements include two planes for measuring a
distance or an angle, a sphere for measuring a surface area
or a volume, and the like. Further, the basic measurement
elements also include geometric element data extracted from
the workpiece W.

[0130] In the present embodiment, when geometric ele-
ment data is extracted from the workpiece W displayed in
the workpiece display area 611, the extracted geometric
element data is added to the tree display of the basic
measurement elements in the measurement element display
area 613.

[0131] In the tree display of the measurement element
display area 613, an identification name of the geometric
element data is displayed. Here, the identification name is
obtained by adding a consecutive number to a shape name
of a basic shape (the same shape name as the shape name
field T01 in FIG. 3) such as “Cylinder 1”. However, the
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identification name is not limited thereto. For example, the
identification name may be freely changeable by the user, or
may adopt a separately defined component name or the like.
In the measurement element display area 613, a check box
616 is arranged on the left side of each data. When data is
selected, the geometric element data displayed in the mea-
surement element display area 613 may be switched accord-
ing to a check state of the check box 616.

[0132] In the geometric element data display area 614, an
identification name and a characteristic value of the geo-
metric element data selected in the measurement element
display area 613 are displayed.

[0133] On the three-dimensional display screen 61, a
cursor 617 movable in the screen is arranged. The cursor 617
operates in conjunction with the operation of the mouse 53
performed by the user. For example, a basic shape is selected
by moving the cursor 617 to overlap the shape selection key
615 and clicking the mouse 53. In order to clarify the
selected basic shape, a color of the selected shape selection
key 615 may be changed, or a shape surrounding the
periphery of the shape selection key 615 may be displayed.
[0134] When the reception unit 72 receives that the shape
selection key 615 has been selected by the operation of the
mouse 53, the CPU 55 notifies the extraction unit 73 of
information on the selected basic shape. When the reception
unit 72 receives an input of the operation of the cursor 617
on the workpiece W displayed in the workpiece display area
611, the extraction unit 73 sets a portion that includes mesh
data corresponding to the cursor 617 and is similar to the
basic shape as a geometric element candidate.

[0135] Then, the extraction unit 73 extracts geometric
element data obtained by fitting data of the identified geo-
metric element candidate to the basic shape. Note that the
portion of the geometric element candidate of the mesh data
may be displayed with a color in the three-dimensional
display screen 61. Due to the display with a color, a shape
of the geometric element data extracted by the user can be
easily recognized, and a position, a size, and the like of the
geometric element data in the workpiece W can be recog-
nized. When extracting geometric element data, the extrac-
tion unit 73 extracts a characteristic value of the geometric
element data to be extracted. The extraction unit 73 refers to
the basic shape list illustrated in FIG. 3, sets the character-
istic value of the geometric element data to be extracted, and
acquires the characteristic value.

[0136] Further, the display control unit 75 creates display
data for displaying the geometric element data so as to be
superimposed on the three-dimensional shape data of the
workpiece W displayed in the workpiece display area 611.
Then, the display control unit 75 may display the display
data of the geometric element data in the workpiece display
area 611 to be superimposed on the display of the three-
dimensional shape of the workpiece W.

[0137] As the geometric element data is extracted from the
three-dimensional shape data of the workpiece W displayed
on the display unit 51 in this manner, the user can intuitively
and quickly extract the geometric element data, and the
convenience of the user can be improved. Further, a plurality
of pieces of geometric element data can be extracted by
using the three-dimensional display screen 61.

[0138] The extraction unit 73 can extract the plurality of
pieces of geometric element data while the three-dimen-
sional display screen 61 is being displayed. Therefore, the
three-dimensional display screen 61 includes a complete key
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618 and a cancel key 619. The complete key 618 and the
cancel key 619 are operated by the cursor 617. As described
above, the cursor 617 operates as the reception unit 72
receives the operation of the mouse 53.

[0139] The complete key 618 is operated when the extrac-
tion of geometric element data is completed. When the
complete key 618 has been operated, the extraction unit 73
stores the extracted geometric element data in the storage
unit 54 as primary geometric element data. At this time, the
extraction unit 73 stores the characteristic value of the
extracted geometric element data in the storage unit 54 in
association as a part of the basic measurement elements.
Further, when the cancel key 619 is operated, the geometric
element data extracted by the extraction unit 73 is reset and
is not stored in the storage unit 54.

[0140] The conversion unit 77 converts the geometric
shape data extracted by the extraction unit 73 into CAD data
(hereinafter, referred to as CAD conversion). As described
above, in the three-dimensional display screen 61 illustrated
in FIG. 9, the basic measurement elements displayed in the
measurement element display area 613 include elements
other than geometric element data as a CAD conversion
target. The conversion unit 77 executes the CAD conversion
of the geometric element data selected from the basic
measurement elements.

[0141] FIG. 10 is a schematic view of an example of the
selection screen 62 for selecting geometric element data to
be subjected to the CAD conversion. The selection screen 62
illustrated in FIG. 10 includes a basic measurement element
display area 621, a CAD conversion target display area 622,
a first element display key 623, a second element display key
624, a selection field 625 for selecting whether to receive
designation of the number of significant digits, a unit input
section 626, a number-of-significant-digits input section
627, the OK key 628, and the cancel key 629.

[0142] Inthe basic measurement element display area 621,
a list of basic measurement elements selected or extracted by
the reverse engineering support apparatus 7 is displayed.
Note that identification names of the basic measurement
elements are collectively displayed for each shape in the
basic measurement element display area 621, but may be
displayed in another arrangement order without being lim-
ited thereto. Further, only geometric element data extracted
by the extraction unit 73 may be displayed in the basic
measurement element display area 621 in the present
embodiment. In the CAD conversion target display area 622,
geometric element data selected from the basic measurement
element display area 621 by the user is displayed. In the
CAD conversion target display area 622, the geometric
element data may be displayed in order of selection.

[0143] The selection screen 62 may allow the user to
change an identification name displayed in the basic mea-
surement element display area 621 and the CAD conversion
target display area 622. For example, the identification
names adopted in the above-described three-dimensional
display screen 61 may be adopted in the basic measurement
element display area 621 such that the user can change an
identification name of geometric element data selected as a
CAD conversion target. At this time, when the geometric
element data having the identification name changed by the
user is deleted from the CAD conversion target display area
622, the geometric element data may be displayed in the
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basic measurement element display area 621 with the
changed identification name or the original identification
name.

[0144] Note that an add key 6201 and a delete key 6202
are arranged between the basic measurement element dis-
play area 621 and the CAD conversion target display area
622. The add key 6201 (an arrow directed to the CAD
conversion target display area 622) is operated when geo-
metric element data selected from pieces of geometric
element data displayed in the basic measurement element
display area 621 is added to the CAD conversion target
display area 622. Further, the delete key 6202 (an arrow
directed to the basic measurement element display area 621)
is operated when geometric element data selected from
pieces of geometric element data displayed in the CAD
conversion target display area 622 is deleted from the CAD
conversion target display area 622.

[0145] An instruction to display geometric element data as
a CAD conversion candidate on the display unit 51 is input
to the first element display key 623. For example, when the
reception unit 72 receives selection of one geometric ele-
ment from a plurality of geometric elements displayed in the
basic measurement element display area 621 and the recep-
tion unit 72 also receives an operation input of the first
element display key 623, the display control unit 75 displays
the geometric element data selected in the workpiece display
area 611 of the three-dimensional display screen 61 so as to
be superimposed on three-dimensional solid display of the
workpiece W. The second element display key 624 has a
function similar to that of the first element display key 623,
and receives an instruction to display geometric element
data displayed in the CAD conversion target display area
622 on the display unit 51.

[0146] A geometric element as a CAD conversion candi-
date and a geometric element as a CAD conversion target
can be displayed to be superimposed on one three-dimen-
sional shape. In this case, geometric element data as the
CAD conversion candidate and geometric element data as
the CAD conversion target may be colored in different
colors or may be surrounded by different shapes to be
distinguished from each other, or a mark indicating the
geometric element data as the CAD conversion candidate or
the geometric element data as the CAD conversion target
may be displayed. Any method for allowing the geometric
element data as the CAD conversion candidate and the
geometric element data as the CAD conversion target to be
clearly distinguished from each other can be widely adopted.
Note that the first element display key 623 and the second
element display key 624 may be a common key.

[0147] The selection field 625 is a selection field for
selecting whether to receive designation of the number of
significant digits at the time of rounding. The selection field
625 is provided with a check box such that the number of
digits can be input to the number-of-significant-digits input
section 627 when the check box is checked. Further, the unit
input section 626 allows an input or selection of a unit. Note
that the rounding unit 74 determines to execute rounding
when the selection field 625 is checked.

[0148] Here, the number of significant digits refers to the
minimum number of digits after the decimal point when a
measurement value measured by mesh data is converted into
CAD data. For example, when three digits after the decimal
point is set as illustrated in FIG. 10, secondary geometric
element data, subjected to rounding by the rounding unit 74
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such that a characteristic value of geometric element data
selected as a CAD conversion target becomes a numerical
value having three digits after the decimal point, is con-
verted into CAD data.

[0149] In general, a minimum unit is set in consideration
of processing accuracy in the case of designing an article.
Such a minimum unit is expressed by the number of digits
after the decimal point or a minimum optical resolution
(reference value) such as 0.05 mm, for example, as illus-
trated in FIG. 10. On the other hand, in a case where reverse
engineering is performed to create a design drawing or a part
drawing that can be used in the design drawing, the part
drawing to be created is obtained by measuring an actual
workpiece W, and thus, it is difficult to obtain data that
matches a desired minimum unit. Therefore, reverse engi-
neering is performed, and rounding is executed at the time
of creating CAD data, so that it is possible to obtain the CAD
data reflecting a design intention.

[0150] The OK key 628 is a key for establishing the
above-described various inputs on the selection screen 62.
The cancel key 629 is a key for discarding all of the
above-described various inputs on the selection screen 62.
When the reception unit 72 receives the operation of the OK
key 628, the extraction unit 73 stores geometric element data
displayed in the CAD conversion target display area 622 and
a characteristic value associated with the geometric element
data in the primary geometric element database Dbl as
primary geometric element data.

[0151] Note that, in the geometric element data extraction
process illustrated in FIG. 8, the extraction unit 73 collec-
tively stores all pieces of the extracted geometric element
data and characteristic values thereof in the primary geo-
metric element database Dbl after the extraction of all
pieces of geometric element data has been completed, but
the embodiment is not limited thereto. For example, the
extraction unit 73 may store geometric element data and a
characteristic value thereof in the primary geometric ele-
ment database Db1 every time the geometric element data is
extracted from the mesh data. When the geometric element
data extraction process illustrated in FI1G. 8 is completed, the
primary geometric element database Db1 storing all pieces
of the extracted geometric element data and characteristic
values thereof is stored in the storage unit 54.

[0152] As described above, the rounding unit 74 refers to
the reference table Tb1 and the processing setting table Th3
to executes rounding of the geometric element data included
in the primary geometric element database Db1. Here, the
reference table Th1 and the processing setting table Th3 will
be described with reference to the drawings.

[0153] <Reference Table Th1>

[0154] FIG. 11 is a schematic view illustrating an example
of the reference table Th1. The reference table Tb1 illus-
trated in FIG. 11 is a table indicating whether or not
rounding can be performed on a characteristic portion such
as a coordinate and a dimension of geometric element data.
As illustrated in FIG. 11, the reference table Tb1 includes a
shape name field T11, a shape attribute field T12, a shape
reference field T13, a first instruction field T14, a second
instruction field T15, and a third instruction field T16. The
shape name field T11, the first instruction field T14, the
second instruction field T15, and the third instruction field
T16 correspond to the shape name field T01, the first
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characteristic field T02, the second characteristic field T03,
and the third characteristic field T04 of the basic shape list
table Tb0, respectively.

[0155] The shape name field T11 stores a general name of
a basic shape that is a shape of a geometric element as a
target to be subjected to rounding. The shape attribute field
T12 indicates whether a reference shape is two-dimensional
(“2D”) or three-dimensional (“3D”). Note that the shape
attribute field T12 may be omitted in a case where shape
attribute information is unnecessary.

[0156] The shape reference field T13 stores information
on a portion serving as a reference for executing rounding
for each basic shape. The portion serving as the reference is
information of a portion (point) to serve as a reference at the
time of specifying a basic shape. For example, when the
reference shape is “Ellipse”, the portion serving as the
reference is the center.

[0157] The first instruction field T14 corresponds to coor-
dinate value information of the first characteristic field T02
of the basic shape list table Tb0, and stores information on
whether to execute rounding on each coordinate value. Note
that this “coordinate” indicates “Coordinate” of a point
described in the shape reference field T13. In the reference
table Tb1 illustrated in FI1G. 11, the first instruction field T14
stores “True” in the case of executing rounding on “Coor-
dinate value” and “False” in the other case.

[0158] The second instruction field T15 corresponds to
dimensional values of the second characteristic field T03 of
the basic shape list table Tb0, and stores information on
whether to execute rounding on each of the dimensional
values. Similarly to the first instruction field T14, the second
instruction field T15 stores “True” and ‘“False”. Further, in
the case of a basic shape having no characteristic of
“Length” as characteristics such as “Point”, “Ellipse”, or the
like, the second instruction field T15 corresponding to the
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basic shape is indicated by “-”.

[0159] The third instruction field T16 corresponds to
dimensional values of the third characteristic field T04 of the
basic shape list table Tb0, and stores information on whether
to execute rounding on each of the dimensional values.
Similarly to the second instruction field T15, the third
instruction field T16 stores “True”, “False”, and “-”. A third
characteristic may be included only in a shape associated
with a circle, such as “Ellipse”, “Sphere”, or “Cylinder”.
Note that the reference table Tb1 may include characteristics
of shapes other than a second characteristic and the third
characteristic.

[0160] When a geometric element that can be extracted by
the extraction unit 73 is added to the reference table Thl, a
basic shape corresponding to the added geometric element is
added. Further, in the reference table Tb1, the setting of
whether to execute (True) or not to execute (False) rounding
may be set in advance, or may be changeable by the user
without being limited thereto.

[0161] Although the first instruction field T14 of the
reference table Tb1 is set as “Coordinate”, this coordinate
can also be set in a more finely divided manner. For
example, in the case of being indicated by the XYZ coor-
dinate system, an individual setting of rounding of each axis
may be allowed. For example, a setting may be made such
that rounding is executed in the X-axis direction and the
Y-axis direction, and rounding is not executed in the Z-axis
direction.
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<Processing Setting Table Th3>

[0162] Next, the processing setting table Th3 will be
described with reference to the drawing. FIG. 12 is a
schematic view illustrating an example of the processing
setting table Tb3. The processing setting table Th3 illus-
trated in FIG. 12 includes an identification name field T31,
an execution determination field T32, a reference field T33,
a number-of-digits field T34, a reference value field T35, an
allowable degree field T36, a tolerance determination field
T37, a design value field T38, and a tolerance value field
T39.

[0163] The identification name field T31 stores an identi-
fication name for individually specifying geometric element
data extracted by the extraction unit 73.

[0164] The execution determination field T32 stores an
execution determination value that is information on
whether to execute rounding on the geometric element
displayed in the identification name field T31. In the pro-
cessing setting table Tb3 illustrated in FIG. 12, “True” is
stored as the execution determination value for geometric
element data to be subjected to rounding, and “False” is
stored as the execution determination value for geometric
element data not to be subjected to rounding. Note that the
reference field T33, the number-of-digits field T34, the
reference value field T35, the allowable degree field T36,
and the tolerance field T37 corresponding to the geometric
element not to be subjected to rounding are indicated by “-.

[0165] The reference field T33 stores, as reference infor-
mation, geometric element data or a reference coordinate
system used as a reference in the case of performing
positioning of geometric element data. The extracted geo-
metric element data may be adopted as the reference infor-
mation. In a case where the reference information is stored
in the reference field T33, the rounding unit 74 positions a
characteristic value of geometric element data to match the
reference information. Further, in a case where the reference
coordinate system is stored, the rounding unit 74 positions
geometric element data so as to fit in the reference coordi-
nate system. These types of positioning are examples of
rounding. Note that the reference field T33 is indicated by
“-” even in a case where coordinate rounding is “False” in
the reference table Tb1.

[0166] The number-of-digits field T34 stores the number
of significant digits at the time of executing rounding of
geometric element data. Although details will be described
later, the number of significant digits can be automatically
set in the reverse engineering support apparatus 7, and can
also be manually set by the user. As illustrated in FIG. 11,
a numeral of the number of significant digits is stored in the
number-of-digits field T34.

[0167] Note that there is a case where a “first number of
significant digits” or a “second number of significant digits”
is stored in the number-of-digits field T34. When the “first
number of significant digits” or the “second number of
significant digits” is stored, it means that the number of
significant digits is set according to the number of significant
digits of optical resolution of the three-dimensional mea-
surement apparatus 1 or the display unit 51. The “first
number of significant digits” is the number of significant
digits of optical resolution when a dimension of the work-
piece W is measured by the three-dimensional measurement
apparatus 1. The “second number of significant digits™ is the
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number of significant digits of a minimum unit (optical
resolution or resolution) that enables display of an image on
the display unit 51.

[0168] The reference value field T35 stores a reference
value that is a value of a minimum unit used as a reference
at the time of executing rounding of geometric element data.
For example, in a case where the reference value is 0.05,
secondary geometric element data after having been sub-
jected to rounding is a numerical value that changes in units
ot 0.05. More specifically, the secondary geometric element
data corrected based on the reference value is a numerical
value such as 0.10, 0.15, 0.20, or 0.25. The allowable degree
field T36 stores an allowable degree. In a case where
rounding based on the allowable degree is not executed, the
allowable degree field T36 is indicated by “-”.

[0169] The tolerance field T37 stores information on
whether to perform a determination based on a design value
and a tolerance of geometric element data. In the tolerance
field T37, “True” is stored as information for instructing to
perform determination based on a tolerance, and “False” is
stored as information for instructing not to perform the
determination based on a tolerance.

[0170] The design value field T38 stores a design value of
geometric element data. Further, the tolerance field T39
stores a tolerance of geometric element data. Only when the
tolerance field T37 is “True”, values are stored in the design
value field T38 and the tolerance field T39. In other words,
when the tolerance field T37 is “False”, the design value
field T38 and the tolerance field T39 are indicated by “-”.
Note that the design value and the tolerance may be manu-
ally input by the user, or for example, the setting unit 70 may
acquire the design value and the tolerance from a database
or the like provided outside the reverse engineering support
apparatus 7.

[0171]

[0172] In the reverse engineering support apparatus 7
according to the present embodiment, input of a condition
for rounding is executed in a state in which a processing
condition input screen 63 is displayed on the display unit 51
in the processing setting table creation process.

[0173] Here, the processing condition input screen 63 will
be described with reference to the drawing. FIG. 14 is a
schematic view illustrating an example of the processing
condition input screen 63 displayed on the display unit 51.
As illustrated in FIG. 14, the processing condition input
screen 63 includes an identification name display section
631, a processing instruction input section 632, a reference
input section 633, a number-of-digits input section 634, a
reference value input section 635, an allowable degree input
section 636, a tolerance determination instruction input
section 637, an OK key 638, and a cancel key 639.

[0174] The identification name display section 631 dis-
plays an identification name of geometric element data for
which a setting of rounding is to be made. Note that the
identification name is the same as the identification name
displayed in the CAD conversion target display area 622 on
the selection screen 62. Note that the identification name
may be changed while being displayed on the processing
condition input screen 63. The geometric element data
corresponding to the identification name displayed on the
identification name display section 631 is sometimes
referred to as selected geometric element data for conve-
nience.

<Processing Setting Table Creation Process>
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[0175] The processing instruction input section 632
receives a setting input as to whether to execute rounding.
The processing instruction input section 632 is provided
with a check box 632a at the left end, and a check state is
switched based on reception of a user operation through the
reception unit 72. When the check box 6324 is checked, the
rounding unit 74 executes rounding on a characteristic value
of the geometric element data of the currently displayed
identification name.

[0176] When the check box 632a of the processing
instruction input section 632 is checked on the processing
condition input screen 63, section of items arranged below
the processing instruction input section 632 or input can be
performed. Note that the “selection” refers to a case where
a predetermined condition or setting value is selected. The
“input” refers to a case where a setting value is directly
input. Both the “selection” and the “input” are executed as
the reception unit 72 receives an operation by the user.
[0177] In the processing condition input screen 63 illus-
trated in FIG. 14, the check box 632a of the processing
instruction input section 632 is checked. Therefore, the
items below the processing instruction input section 632 can
be selected. For example, the display control unit 75 may
determine the check state of the check box 6324 and switch
a display mode of the processing condition input screen 63
according to a result of the determination. In a case where
the check box 632a of the processing instruction input
section 632 is unchecked, items below the reference input
section 633 on the processing condition input screen 63 may
be made inoperable except for the OK key 638 and the
cancel key 639. At this time, the display control unit 75 may
display the respective items that are inoperable to be lighter
in color or may hide all the items.

[0178] The reference input section 633 receives an input
of designation of a reference at the time of executing
rounding. As the reference designated here, a coordinate
system defined in the three-dimensional measurement appa-
ratus 1 and the reverse engineering support apparatus 7 or a
coordinate system of the workpiece W may be used. In this
case, the reference designated in the reference input section
633 may be input by being selected from information
displayed in a pull-down menu.

[0179] Here, the reference displayed in the pull-down
menu is a coordinate system or a position for performing
positioning or serving as a reference of rounding in the
rounding. As the reference, for example, as described above,
the coordinate system (Coordinate system 1) of the three-
dimensional measurement apparatus 1 can be exemplified.
Further, in addition to this, geometric element data other
than the selected geometric element data, for example,
Cylinder 1 or the like can be exemplified. Note that, in a case
where the geometric element data such as Cylinder 1 is
designated, those having a coordinate value and a coordinate
system in characteristic values of the designated geometric
element data can be used as references. Further, in the case
where the geometric element data such as Cylinder 1 is
designated, the rounding unit 74 may execute rounding so as
to obtain circumscribed or inscribed positioning with the
selected geometric element data as a reference.

[0180] The number-of-digits input section 634 includes a
check box 634a, a number-of-digits condition input box
6345, and a number-of-digits input box 634¢. The check box
634a is configured similarly to the check box 6324 of the
processing instruction input section 632, and designates
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whether to execute rounding based on the number of sig-
nificant digits. The number-of-digits condition input box
6345 and the number-of-digits input box 634c¢ may be
operable only when the check box 6324 is checked.
[0181] In a case where the rounding based on the number
of significant digits is to be executed, the rounding unit 74
executes the rounding based on the “number of significant
digits to be processed”. Details of the rounding based on the
number of significant digits will be described later. In the
number-of-digits condition input box 6344, a condition for
setting the “number of significant digits to be processed” is
input.

[0182] Forexample, as the “number of significant digits to
be processed”, the rounding unit 74 sets a “set number of
significant digits” which has been set with reference to the
“first number of significant digits” that is the number of
significant digits of the optical resolution of the three-
dimensional measurement apparatus 1 or the “second num-
ber of significant digits” that is the number of significant
digits of the optical resolution or resolution of the display
unit 51. Further, there is also a case where the rounding unit
74 sets an “input number of significant digits” which has
been input by the user as the “number of significant digits to
be processed”.

[0183] Therefore, the number-of-digits condition input
box 6345 adopts a pull-down menu to enable selection of
any one of the “first number of significant digits”, the
“second number of significant digits”, and the “input num-
ber of significant digits”.

[0184] In a case where the “first number of significant
digits” or the “second number of significant digits” is
selected in the number-of-digits condition input box 6345,
the rounding unit 74 sets the “set number of significant
digits” based on the “first number of significant digits” or the
“second number of significant digits”. That is, in a case
where the number-of-digits condition input box 634b is set
to the “first number of significant digits” or the “second
number of significant digits”, the number of significant
digits for executing the rounding, that is, the “number of
significant digits to be processed” is automatically set for the
user. Therefore, in order to clearly indicate that the rounding
unit 74 automatically sets the number of significant digits,
the display control unit 75 may clearly indicate an automatic
state, such as “Automatic: First number of significant digits
“or” Automatic: Second number of significant digits™, in the
number-of-digits condition input box 634b. Further, in a
case where the “input number of significant digits” input by
the user is displayed, the display control unit 75 may display
“Manual: Input number of significant digits” in the number-
of-digits condition input box 634b to clearly indicate a
“manual” state.

[0185] The optical resolution of the three-dimensional
measurement apparatus 1 is finer than a minimum value
(optical resolution) of a dimension used in a design drawing
when a product is manufactured. Therefore, in a case where
the reception unit 72 has received that the “first number of
significant digits™ is input in the number-of-digits condition
input box 634b, the rounding unit 74 acquires the “first
number of significant digits”, and can set the “number of
significant digits to be processed” that is coarser, in other
words, has a smaller number of significant digits than the
“first number of significant digits”. For example, when the
“first number of significant digits” is four digits after the
decimal point (set to four digits), the rounding unit 74 can
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set the “set number of significant digits” to two digits after
the decimal point (to two digits), which is smaller than four
digits.

[0186] Note that the rounding unit 74 sets the number of
significant digits, which is smaller by two digits than the
“first number of significant digits”, as the “set number of
significant digits” in the above example, but the embodiment
is not limited thereto. For example, the rounding unit 74 may
set the “set number of significant digits” that is smaller by
one digit than the “first number of significant digits”, or may
set the “set number of significant digits” that is smaller by
three or more digits.

[0187] The resolution of the display unit 51 is often
smaller than the minimum value of the dimension used in the
design drawing. In a case where the reception unit 72 has
received that the “second number of significant digits™ is
input in the number-of-digits condition input box 6345, the
rounding unit 74 acquires the “second number of significant
digits”, and can set the “set number of significant digits” that
is coarser, in other words, has a smaller number of signifi-
cant digits than the “second number of significant digits”.
For example, when the “second number of significant digits”
is three digits after the decimal point (set to three digits), the
rounding unit 74 can set the “set number of significant
digits” to two digits smaller than three digits.

[0188] Note that the rounding unit 74 sets the number of
significant digits, which is smaller by one digit than the
“second number of significant digits”, as the “set number of
significant digits” in the above example, but the embodiment
is not limited thereto. For example, the rounding unit 74 may
set the “set number of significant digits” that is smaller by
two or more digits than the “second number of significant
digits”.

[0189] When receiving the input of the “first number of
significant digits” or the “second number of significant
digits” in the number-of-digits condition input box 6345, the
reception unit 72 passes the “set number of significant
digits” to the rounding unit 74. The rounding unit 74 sets the
“number of significant digits to be processed” to the “set
number of significant digits”.

[0190] The rounding unit 74 can execute rounding on a
characteristic value of primary geometric element data with
the “number of significant digits to be processed” that is
coarser than the “first number of significant digits” or the
“second number of significant digits”. The number of sig-
nificant digits of a characteristic value of secondary geo-
metric element data generated by rounding becomes the
“number of significant digits to be processed”. Since the
secondary geometric element data is generated in this man-
ner, a minimum value (optical resolution) of the character-
istic value of the secondary geometric element data can be
set to optical resolution matching or approximated to the
minimum value (optical resolution) of the dimension used in
the design drawing.

[0191] Further, the number of significant digits can also be
directly input by the user. When the “input number of
significant digits™ is input in the number-of-digits condition
input box 6345, the number of digits can be input to the
number-of-digits input box 634c¢. That is, the reception unit
72 may be allowed to receive an input of the number of
digits into the number-of-digits input box 634¢ when receiv-
ing the input of the “input number of significant digits” into
the number-of-digits condition input box 6345. At this time,
the reception unit 72 receives the input of the “input number
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of significant digits” (numeral) in the number-of-digits input
box 634¢, and passes the “input number of significant digits”
to the rounding unit 74. The rounding unit 74 sets the
“number of significant digits to be processed” to the “input
number of significant digits”.

[0192] When the user inputs the “input number of signifi-
cant digits” into the number-of-digits input box 634c, there
is a case where a larger number of digits is set in the “input
number of significant digits” than that in the “first number of
significant digits”. In this case, the “input number of sig-
nificant digits™ is not valid for the rounding. Therefore, when
the rounding unit 74 compares the “first number of signifi-
cant digits” with the “input number of significant digits” and
determines that the “input number of significant digits™ is
larger than the “first number of significant digits”, the
display control unit 75 may display a window for prompting
the user to input the number of digits again. At this time, the
display control unit 75 may perform display for suggesting
that the number of digits is large.

[0193] The rounding unit 74 may call a numerical value
stored in the storage unit 54 as the “first number of signifi-
cant digits”, or may acquire the optical resolution from the
three-dimensional measurement apparatus 1 (for example,
the control board) and set the number of significant digits
thereof. The rounding unit 74 may call a numerical value
stored in the storage unit 54 as the “second number of
significant digits”, or may acquire the optical resolution or
the resolution from the display unit 51 and set the number of
significant digits thereof.

[0194] The reference value input section 635 includes a
check box 635a and a reference value input box 6355. The
check box 6354 has the same configuration as the check box
632a of the processing instruction input section 632. The
check box 635a of the reference value input section 635 may
be checked only when the check box 6344 of the number-
of-digits input section 634 is unchecked.

[0195] That is, the display control unit 75 can determine
whether the reception unit 72 has received checking of the
check box 634a, and switch a display mode of the reference
value input section 635 according to a result of the deter-
mination. In this case, when the reception unit 72 receives
the checking of the check box 634a, the display control unit
75 causes the display unit 51 to display the processing
condition input screen 63 in which the reference value input
section 635 is grayed out or the like. Note that the check box
634a of the number-of-digits input section 634 may be
checked only when the check box 635a of the reference
value input section 635 is unchecked. That is, the display
control unit 75 can determine whether the reception unit 72
has received checking of the check box 6354, and switch a
display mode of the number-of-digits input section 634
according to a result of the determination. In this case, when
the reception unit 72 receives the checking of the check box
635a, the display control unit 75 causes the display unit 51
to display the processing condition input screen 63 in which
the number-of-digits input section 634 is grayed out or the
like.

[0196] A reference value is input to the reference value
input box 6355 by the user. The reference value is input to
the reference value input box 6355 through the reception
unit 72. Note that the reference value input box 6355 may be
configured to receive a numerical value input through a
keyboard, or may be configured to receive a numerical value
selected from a pull-down menu. The reference value is a
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value indicating a minimum unit (optical resolution) of a
dimension. Note that the rounding unit 74 may compare a
minimum unit of a dimension of the mesh data acquired by
the data acquisition unit 71 with the value received by the
reception unit 72, and the display control unit 75 may
display a window for prompting the user to input the
reference value again when it is determined that the refer-
ence value smaller than the minimum unit of the mesh data
acquired by the data acquisition unit 71 has been input.
[0197] The allowable degree input section 636 includes a
check box 6364 and an allowable degree input box 6365.
The check box 636a has the same configuration as the check
box 632a of the processing instruction input section 632.
Input of an allowable degree into the allowable degree input
box 6365 may be possible only when the check box 636a is
checked.

[0198] The allowable degree is a value representing a
range in which rounding is executed used with a difference
between a characteristic value of primary geometric element
data and a characteristic value of geometric element data
after rounding (hereinafter, referred to as secondary geo-
metric element data). That is, the rounding may be stopped
in a case where the amount of rounding at the time of
creating the secondary geometric element data by rounding
characteristic value of the primary geometric element data is
larger than the allowable degree, and the rounding may be
executed in a case where the amount of rounding is smaller
than the allowable degree. In this way, a portion similar to
a design value can be rounded to the design by executing the
rounding while maintaining a defect, such as relatively large
unevenness, in a portion having the defect in a measurement
target object.

[0199] Alternatively, the rounding may be stopped in a
case where the amount of rounding at the time of creating
the secondary geometric element data by rounding charac-
teristic value of the primary geometric element data is
smaller than the allowable degree, and the rounding may be
executed in a case where the amount of rounding is larger
than the allowable degree. In this way, a portion deviating
from a design value can be displayed in a simplified manner
by executing the rounding while reproducing an actual fine
shape of a measurement target object by maintaining a shape
smaller than the allowable degree on the surface of the
object measurement target. As such an allowable degree, a
difference value between characteristic values before and
after rounding may be defined, or a change rate of a
characteristic value before and after rounding may be
defined.

[0200] The tolerance determination instruction input sec-
tion 637 includes a check box 637a, a design value input box
637h, and a tolerance input box 637¢. The check box 637a
has the same configuration as the check box 632a of the
processing instruction input section 632. Input of a design
value and a tolerance into the design value input box 6375
and the tolerance input box 637¢ may be possible only when
the check box 637a is checked.

[0201] In the design value input box 6375, a design value
of geometric element data for which a setting of rounding is
to be made can be manually input by the user. Similarly to
the design value input box 6375, a tolerance can be manually
input in the tolerance input box 637¢ by the user. Note that
the design value and the tolerance are not limited to the
manual input. For example, a separately provided design
condition may be accessed, data of a design value and a
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tolerance may be received, and the data of the design value
and the tolerance may be used. The data acquisition unit 71
may acquire the data of the design value and the tolerance
from, for example, an external storage, a cloud, or the like.
Specific description of the rounding based on the design
value and the tolerance will be given in third rounding to be
described later.

[0202] The OK key 638 and the cancel key 639 respec-
tively instruct fixing and discarding of an input of the
processing condition input screen 63. That is, when the
reception unit 72 detects an operation input of the OK key
638, the rounding unit 74 determines that an input of a
processing condition has been completed. Further, when the
reception unit 72 detects an operation input of the cancel key
639, the display control unit 75 temporarily closes the
processing condition input screen 63. At this time, the
display control unit 75 may cause the display unit 51 to
display the initial display of the processing condition input
screen 63 (display in a state in which no input has been
executed for various settings).

[0203] An operation of the reverse engineering support
apparatus 7 in the processing setting table creation process
described above will be described with reference to the
drawing. FIG. 13 is a flowchart illustrating the operation in
the processing setting table creation process. Pieces of
geometric element data extracted in the geometric element
data extraction process illustrated in FIG. 8 are stored in the
primary geometric element database Db1 of the storage unit
54 together with identification names thereof. The process-
ing setting table Tb3 is created by the setting unit 70.
[0204] In Step S401, the setting unit 70 calls geometric
element data from the primary geometric element database
Db1 of the storage unit 54. Here, a condition for rounding is
set for each piece of the geometric element data and stored
in the processing setting table Th3. Therefore, in Step S401,
only an identification name of the geometric element data
may be called, or a characteristic value may also be called
together.

[0205] In the next Step S402, the display control unit 75
displays the processing condition input screen 63 (see FIG.
14) of one identification name included in the primary
geometric element database Dbl on the display unit 51. Note
that the order of display of the processing condition input
screen 63 may be, for example, the described order in the
primary geometric element database Dbl, in other words,
the stored order, but is not limited thereto. For example, a
predetermined order based on shapes or positions may also
be used.

[0206] In Step S403, the setting unit 70 determines
whether to execute rounding on the currently selected geo-
metric element. Specifically, when the reception unit 72
receives an operation input of the OK key 638 with the
check box 632a of the processing instruction input section
632 being unchecked on the processing condition input
screen 63, the setting unit 70 determines not to execute
rounding on the selected geometric element data.

[0207] In a case where it is determined not to execute
rounding on the currently selected geometric element data
(No in Step S403), the flow proceeds to Step S407. In Step
S407, the setting unit 70 stores, in the processing setting
table Tb3, the identification name of the geometric element
for which input of a processing condition is currently
executed and data indicating that rounding is not to be
executed in the execution determination field T32.
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[0208] In a case where it is determined to execute round-
ing on the currently selected geometric element data (Yes in
Step S403), the flow proceeds to Step S404. Note that when
the reception unit 72 receives checking of the check box
632a of the processing instruction input section 632 on the
processing condition input screen 63, the setting unit 70
determines to execute rounding on the selected geometric
element data.

[0209] In Step S404, the reception unit 72 receives an
input of a condition into the processing condition input
screen 63. As described above, in the case where the
execution of rounding is selected, the input of necessary data
among the reference coordinate system, the number of
digits, the reference value, the allowable degree, and the
tolerance determination is received. That is, the reception
unit 72 receives at least one data input of the reference input
section 633, the number-of-digits input section 634, the
reference value input section 635, the allowable degree input
section 636, and the tolerance determination instruction
input section 637. In Step S405, the setting unit 70 deter-
mines whether the input of a condition for rounding has been
completed. The determination as to whether the input of a
condition for rounding has been completed is made by the
reception unit 72 depending on whether the OK key 638 or
the cancel key 639 has been operated.

[0210] When the reception unit 72 receives an operation
input of the OK key 638 or the cancel key 639, the flow
proceeds to Step S406. In Step S406, the reception unit 72
determines whether the operation of the OK key 638 is
received. In a case where the reception unit 72 has received
the operation input of the cancel key 639 (No in Step S406),
the display control unit 75 temporarily erases the processing
condition input screen 63 currently displayed on the display
unit 51, and returns to Step S402. In Step S402, the display
control unit 75 displays the processing condition input
screen 63 again for input of a condition of rounding with
respect to the current geometric element.

[0211] In a case where the reception unit 72 has received
the operation input of the OK key 638 (Yes in Step S406),
the flow proceeds to Step S407. In Step S407, the setting unit
70 stores the input of the condition for rounding on the
processing condition input screen 63 received by the recep-
tion unit 72 in the processing setting table Th3 together with
the identification name. Then, the flow proceeds to Step
S408.

[0212] In Step S408, the setting unit 70 determines
whether a condition for rounding has been set for all pieces
of the geometric element data stored in the primary geo-
metric element database Dbl. Specifically, the setting unit
70 is executed by comparing the identification names stored
in the primary geometric element database Dbl with the
identification names stored in the processing setting table
Tb3.

[0213] When the setting unit 70 determines that the pri-
mary geometric element database Dbl includes geometric
element data for which a condition for rounding has not been
set (No in Step S408), the flow returns to Step S402, the
display control unit 75 displays the processing condition
input screen 63 for a condition for rounding of the next
geometric element data on the display unit 51, and the
reception unit 72 receives an input operation on the pro-
cessing condition input screen 63 by the user.

[0214] In a case where a condition for rounding has been
set for all pieces of the geometric element data included in
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the primary geometric element database Db1 (Yes in Step
S408), the setting unit 70 returns to Step S206 illustrated in
FIG. 5. As a result, the processing setting table Th3 is
completed.

[0215] In the processing table creation process of the
present embodiment, conditions for rounding in the case of
executing the rounding including information on whether to
execute the rounding with respect to pieces of the geometric
element data stored in the primary geometric element data-
base Dbl are sequentially stored in the processing setting
table Tb3. However, the embodiment is not limited thereto,
and for example, rounding for all pieces of the geometric
element data stored in the primary geometric element data-
base Db1 may be buffered, and the rounding information for
all pieces of the geometric element data may be finally
stored in the processing setting table Th3.

[0216] <First Rounding>

[0217] Here, rounding will be described. FIG. 15 is mesh
data of a sphere Sp measured by the three-dimensional
measurement apparatus 1. FIG. 16 is a schematic view
illustrating the distribution of radii of the spheres Sp illus-
trated in FIG. 15. FIG. 16 illustrates a portion having the
same radius with a continuous line.

[0218] The three-dimensional measurement apparatus 1
irradiates the workpiece W with measurement light, mea-
sures a surface shape of the workpiece W from a captured
image of the workpiece W, and creates mesh data. In the
mesh data that looks like a sphere, variations in a radius,
such as rl, r2, and r3, actually exist as illustrated in FIG. 16
even if the mesh data looks like the sphere. That is, the shape
of the sphere Sp illustrated in FIG. 16 is not exactly the
sphere but is a shape similar to the sphere since there are
variations in the radius.

[0219] Examples of a cause of the variations in the radius
of the sphere Sp include a manufacturing error, wear due to
use, deformation, and the like. The extraction unit 73
acquires characteristic values, such as coordinate values and
dimensional values, of the sphere from the mesh data
including such variations in the radius using the above-
described algorithm. Therefore, the characteristic value of
the sphere is data having a minor fraction (hereinafter,
referred to as “data having a fraction™).

[0220] As described above, the design drawing includes
the design intention of the user. However, the mesh data
obtained by the three-dimensional measurement apparatus 1
does not necessarily reflect the design intention of the user.
That is, primary geometric element data is data having a
fraction. Therefore, the rounding unit 74 creates secondary
geometric element data obtained by executing rounding,
such as rounding-off, rounding-down, and rounding-up, a
predetermined characteristic value of the primary geometric
element data, thereby acquiring the geometric element data
reflecting the design intention of the user.

<First Rounding (Rounding Based on Number of Significant
Digits)>

[0221] Next, an operation of rounding will be described
with reference to a flowchart illustrated in FIG. 17. In “first
rounding” of this example, a method of executing rounding
based on the number of significant digits will be described
as an example.

[0222] In Step S501, the rounding unit 74 calls one piece
of geometric element data from the primary geometric
element database Dbl. In Step S502, the rounding unit 74
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refers to the processing setting table Th3 and determines
whether the one piece of primary geometric element data
called in Step S501 is a rounding target. Here, the rounding
unit 74 determines whether the one piece of primary geo-
metric element data called in Step S501 is a rounding target
based on information described in the execution determina-
tion field T32 of the processing setting table Th3.

[0223] Ina case where the one primary geometric element
data is not a rounding target in Step S502 (No in Step S502),
the flow proceeds to Step S511.

[0224] In a case where the first primary geometric element
data is a rounding target in Step S502 (Yes in Step S502), the
flow proceeds to Step S503. In Step S503, the rounding unit
74 refers to the reference table Tb1. Then, the rounding unit
74 acquires a characteristic value to be subjected to rounding
of primary geometric element data called in Step S501 based
on the reference table Th1. Note that the rounding unit 74
refers to the first instruction field T14, the second instruction
field T15, and the third instruction field T16 of the reference
table Tb illustrated in FIG. 11, specifies the characteristic
value to be subjected to rounding, and calls the correspond-
ing characteristic value from the primary geometric element
database Dbl.

[0225] Next, in Step S504, the rounding unit 74 calls the
number of significant digits stored in the number-of-digits
field of the processing setting table Tb3 and sets the number
as the number of significant digits to be processed. The
number of significant digits to be processed is the number of
significant digits at the time of executing rounding. Then, the
flow proceeds to Step S505.

[0226] In Step S505, the rounding unit 74 executes round-
ing on the characteristic value of the primary geometric
element data to generate a characteristic value of the sec-
ondary geometric element data. Here, details of the rounding
will be described. First, rounding in a case where the
characteristic value is a dimensional value such as a length
or a diameter will be described. Here, it is assumed that
rounding-off is executed as rounding of a numerical value.
Note that processing in rounding-down or rounding-up
differs from that in the rounding-off, but has substantially the
same contents.

[0227] For example, it is assumed that the characteristic
value is a numerical value up to five digits after the decimal
point. Assuming that the number of significant digits to be
processed is set to two digits after the decimal point, the
characteristic value of the secondary geometric element data
is generated by rounding off the third digit after the decimal
point of the characteristic value. In this manner, even when
the number of digits of the characteristic value of the
primary geometric element data is different from the number
of digits based on the design intention of the user, it is
possible to generate the secondary geometric element data
having the number of significant digits according to the
design intention of the user or the number of significant
digits close to the design intention of the user.

[0228] Note that, in a case where the characteristic value
is a coordinate value and rounding is executed on the
coordinate value, the generation of the secondary geometric
element data is achieved by rounding off each coordinate
value based on the designated number of significant digits.
Note that, in a case where a geometric element has a
two-dimensional shape such as a rectangle or a three-
dimensional shape of a polyhedron, the generation of the
secondary geometric element data may be achieved by
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rotating the geometric element based on a reference coor-
dinate system and then performing translation such that
coordinates of vertexes and the center of gravity of the
geometric element are arranged on grid points. Note that the
above-described rounding with respect to a coordinate value
is an example, and the embodiment is not limited thereto.
Other processing may be executed.

[0229] In the next Step S506, the determination unit 76
determines whether to execute a validity determination of
rounding based on an allowable degree. Note that, in a case
where there is a numerical value of the allowable degree in
the allowable degree field T36 of the processing setting table
Tb3, the determination unit 76 determines to execute the
validity determination of rounding based on an allowable
degree.

[0230] In a case where the determination unit 76 deter-
mines not to execute the validity determination of rounding
based on an allowable degree (No in Step S506), the flow
proceeds to Step S509. In Step S509, the rounding unit 74
stores the secondary geometric element data obtained by
rounding in the secondary geometric element database Db2
of' the storage unit 54. In a case where the determination unit
76 determines to execute the validity determination of
rounding (Yes in Step S506), the flow proceeds to Step
S507.

[0231] In Step S507, the determination unit 76 computes
a comparison value for comparing the secondary geometric
element data with the primary geometric element data.
Examples of the computation of the comparison value can
include a calculation of a difference between characteristic
values to be subjected to rounding of the secondary geo-
metric element data and the primary geometric element data.
Further, in addition to this, a difference between physical
quantities depending on shapes such as lengths, areas, and
volumes of the primary geometric element data and the
secondary geometric element data may be used as the
comparison value. Further, a ratio between the primary
geometric element data and the secondary geometric ele-
ment data may be used as the comparison value although the
difference is obtained as the comparison value in the above
description. After the determination unit 76 calculates the
comparison value in Step S507, the flow proceeds to Step
S508.

[0232] In Step S508, the determination unit 76 determines
whether the comparison value is less than the allowable
degree. In a case where the determination unit 76 determines
that the comparison value is less than the allowable degree
(Yes in Step S508), the flow proceeds to Step S509. In Step
S509, the rounding unit 74 stores the secondary geometric
element data generated by rounding in the secondary geo-
metric element database Db2. Then, the flow proceeds to
Step S511.

[0233] Further, in a case where the determination unit 76
determines that the comparison value exceeds the allowable
degree in Step S508 (No in Step S508), the flow proceeds to
Step S510. In Step S510, the rounding unit 74 discards the
secondary geometric element data generated by rounding
based on the determination result of the determination unit
76 in Step S508. When more specifically describing Steps
S508 and S510, the determination unit 76 determines that
the generated secondary geometric element data is not
suitable for the design intention of the user. The rounding
unit 74 does not store one piece of the secondary geometric
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element data obtained by rounding in the secondary geo-
metric element database Db2 and discards the data.

[0234] Further, in Step S510, the display control unit 75
may generate a display screen showing information indicat-
ing that rounding is not suitable and display the display
screen on the display unit 51.

[0235] Then, in Step S511 following Step S509 or Step
S510, the rounding unit 74 determines whether the deter-
mination regarding the necessity of execution of rounding
has been performed for all pieces of the geometric element
data stored in the primary geometric element database Db1.
In a case where the determination regarding the necessity of
execution of rounding has not been performed for all pieces
of the geometric element data (No in Step S511), the flow
returns to Step S501, and the next one piece of geometric
element data and a characteristic value thereof in the pri-
mary geometric element database Dbl are called.

[0236] Further, in a case where the rounding unit 74
determines the necessity of execution of rounding has been
performed for all pieces of the geometric element data stored
in the primary geometric element database Db1 (Yes in Step
S511), the flow returns to Step S207 of FIG. 5.

[0237] In this way, the rounding unit 74 executes rounding
on the characteristic values of all pieces of the primary
geometric element data stored in the primary geometric
element database Db1 of the storage unit 54 as necessary.
Then, the rounding unit 74 executes rounding on the char-
acteristic values of pieces of the primary geometric element
data to generate pieces of the secondary geometric element
data, and stores pieces of the secondary geometric element
data in the secondary geometric element database Db2 of the
storage unit 54.

[0238] In Step S207 of FIG. 5, the conversion unit 77
converts at least one of the primary geometric element data
stored in the primary geometric element database Db1 or the
secondary geometric data stored in the secondary geometric
element database Db2 stored in the storage unit 54 into CAD
data.

[0239] In the reverse engineering support apparatus 7, the
primary geometric element database Dbl and the secondary
geometric element database Db2 may be independently
stored in the storage unit 54. As a result, the reverse
engineering support apparatus 7 can generate the secondary
geometric element data obtained by executing rounding on
the primary geometric element data extracted from the mesh
data while storing the primary geometric element data.
[0240] Then, in Step S508, the determination unit 76
determines that suitable rounding has been executed when
the comparison value is less than the allowable degree. As
a result, in a case where the secondary geometric element
data generated by rounding is not greatly deviated from the
primary geometric element data, the secondary geometric
element data is subjected to the CAD conversion. Therefore,
secondary CAD data obtained by converting the secondary
geometric element data can be used as data for designing
another member.

[0241] On the other hand, in a case where the comparison
value is equal to or more than the allowable degree, the
secondary geometric element data obtained by executing
rounding may be left.

[0242] Here, specific examples of the rounding based on
the number of significant digits will be described with
reference to the drawings. FIG. 18 is a view for describing
primary geometric element data of an example. FIG. 19 is a
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view for describing secondary geometric element data
obtained by rounding the primary geometric element data
illustrated in FIG. 18. As illustrated in FIG. 18, here,
“Sphere 1” will be described as an example of a geometric
element.

[0243] Geometric element data illustrated in FIGS. 18 and
19 is displayed similarly to the geometric element data
display area 614 of the three-dimensional display screen 61
illustrated in FIG. 9. Therefore, the geometric element data
display area 614 will be described here. As illustrated in
FIG. 18, the geometric element data display area 614 is a
table, and includes an identification name field 641, a
characteristic portion field 642, a characteristic value field
643, and a unit field 644.

[0244] An identification name for individually identifying
the geometric element data is stored in the identification
name field 641. Here, “Sphere 1” is stored. In the charac-
teristic portion field 642, characteristic portions for speci-
fying the geometric element are described according to the
description of the basic shape list table Tb0 illustrated in
FIG. 3. Here, a radius R, a center coordinate X1, a center
coordinate Y1, and a center coordinate Z1 are described. The
characteristic value field 643 stores characteristic values
called from the primary geometric element database Db1. A
unit of data stored in the characteristic value field 643 is
displayed in the unit field 644. Here, millimeter is displayed.
[0245] As described above, the rounding unit 74 acquires
the number of significant digits to be processed at the time
of executing rounding from the number-of-significant-digits
field T34 of the processing setting table Tb3. In the pro-
cessing setting table Tb3 illustrated in FIG. 12, the number
of significant digits to be processed of “Sphere 1” is two
digits.

[0246] The rounding unit 74 first confirms the execution
determination field T32 of “Sphere 1” in the processing
setting table Tb3 illustrated in FIG. 12 and determines
whether to execute rounding. Then, when the rounding unit
74 confirms that rounding is to be executed, the rounding
unit 74 refers to the reference table Tb1 illustrated in FIG.
11 and confirms which characteristic value of “Sphere 1” is
to be subjected to rounding. In “Sphere” in the reference
table Th1 illustrated in FIG. 11, a coordinate and a diameter
are characteristic values to be subjected to rounding, and a
length is not to be subjected to rounding. Therefore, round-
ing is executed on the center coordinate X1, the center
coordinate Y1, the center coordinate X1, and the radius R
among the characteristic values illustrated in FIG. 18.
[0247] As illustrated in FIG. 18, the characteristic values
to be subjected to rounding of “Sphere 17 are the radius R
of 68.397, the center coordinate X1 of 43.763, the center
coordinate Y1 of 97.431, and the center coordinate Z1 of
0.298. Rounding was executed on these numerical values
with the number of significant digits being two digits after
the decimal point. Here, as rounding of a coordinate value,
rounding-down of numerals in and after the designated
number of digits (three digits after the decimal point) was
executed. However, the rounding of a coordinate value is not
limited thereto, and rounding-off based on the designated
number of digits, round-up with the designated number of
digits, or the like may be executed.

[0248] As illustrated in FIG. 19, secondary geometric
element data having the radius R of 68.39, the center
coordinate X1 of 43.76, the center coordinate Y1 of 97.43,
and the center coordinate Z1 of 0.29 is generated as the
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rounding unit 74 executes the rounding. It can be said that
the secondary geometric element data has values reflecting
the design intention more since the rounding has been
executed with the number of significant digits that is coarser
than the number of significant digits of the primary geomet-
ric element data and reflects the design intention of the user.
In this manner, in the case of executing rounding, the
characteristic value included in the geometric element data
is subjected to the rounding with reference to the reference
table Tb1. Note that the secondary geometric element data
generated by rounding in the rounding unit 74 is stored in the
secondary geometric element database Db2 illustrated in
FIG. 7 in association with the identification name.

<Second Rounding (Rounding Based on Reference Value)>

[0249] Another example of rounding will be described
with reference to the drawing. FIG. 20 is a flowchart
illustrating a part of another example of rounding. The
flowchart illustrated in FIG. 20 is a process that replaces
Steps S502 to S505 of the flowchart illustrated in FIG. 17.
The flowchart illustrated in FIG. 20 is the process that starts
after Step S502 illustrated in FIG. 17 and is connected to
Step S506 or Step S511. Second rounding is rounding using
a reference value.

[0250] As illustrated in FIG. 20, in Step S502, the round-
ing unit 74 determines whether to execute rounding. When
the rounding unit 74 determines to execute rounding (Yes in
Step S502), the flow proceeds to Step S601, and the round-
ing unit 74 refers to the reference table Tb1 to acquire a
characteristic value to be subjected to rounding from geo-
metric element data. Since the processing of Step S601 is the
same as the processing of Step S503, details thereof will be
omitted. Then, the flow proceeds to Step S602, and the
rounding unit 74 acquires a reference value of rounding
from the reference value field T35 of the processing setting
table Tbh3. Then, the flow proceeds to Step S603, and the
rounding unit 74 executes rounding.

[0251] The rounding unit 74 executes rounding such that
the acquired reference value becomes a minimum unit of the
rounded geometric element data. For example, in a case
where the reference value is 0.5, the rounding is executed
such that rounded numerical values become, for example,
numerical values in increments of 0.5 such as (0.5, 2.5, 4.0,
and 5.0). More specifically, with the reference value being
0.5, a numerical value at the first decimal place being (0.0,
0.1, or 0.2) is rounded be 0.0. Further, (0.3, 0.4.0.5, 0.6, or
0.7) is rounded to be 0.5. Further, (0.8 or 0.9) is rounded up
to be 1.0. A correction method is an example, and rounding
may be executed according to different laws even if the same
reference value is used. In addition to these, any processing
method of processing the geometric element data such that
the reference value becomes the minimum unit can be
widely adopted. After the rounding, the flow proceeds to
Step S506.

[0252] In a case where rounding based on a reference
value is executed, the rounding unit 74 processes a charac-
teristic value of the geometric element data such that the
minimum unit is the reference value. At this time, a differ-
ence before and after the rounding of the characteristic value
is smaller than the reference value. When a determination is
made by comparing a difference value between primary
geometric element data and secondary geometric element
data with an allowable degree, the allowable degree may be
set to a value smaller than the reference value. Note that, on
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the selection screen 511, when the determination unit 76
determines that the allowable degree received by the recep-
tion unit 72 is larger than the reference value, a notification
that the allowable degree is not suitable may be issued.

[0253] Here, specific examples of the rounding based on
the reference value will be described with reference to the
drawings. FIG. 21 is a schematic view of primary geometric
element data of an example. FIG. 22 is a schematic view of
secondary geometric element data obtained by rounding
primary geometric element data of a geometric element
illustrated in FIG. 21. As illustrated in FIG. 21, the geomet-
ric element is Cylinder 1.

[0254] The geometric element data display area 614 illus-
trated in FIGS. 21 and 22 is the same as the geometric
element data display area 614 illustrated in FIGS. 18 and 19.
Therefore, substantially the same portions will be denoted
by the same reference signs, and the detailed description of
the same portions will be omitted.

[0255] The rounding unit 74 first specifies one piece of
geometric element data from among pieces of the geometric
element data extracted by the extraction unit 73. Then, the
rounding unit 74 determines whether to execute rounding on
one piece of the geometric element data specified with
reference to the processing setting table Tb3. In the pro-
cessing setting table Th3, the execution determination field
T32 of “Cylinder 1” which is an example of the identified
one piece of geometric element data. is “True”. Therefore,
the rounding unit 74 executes rounding on the identified one
piece of geometric element data. Then, the rounding unit 74
refers to the reference table Tb1 and specifies a coordinate
value as a characteristic value to be subjected to rounding.

[0256] Further, the rounding unit 74 refers to the reference
value field T35 of the processing setting table Th3 to acquire
a reference value. Since the reference value of the “Cylinder
17 is “0.05”, the rounding unit 74 executes rounding on each
characteristic value of the start point coordinate X1, the start
point coordinate Y1, the start point coordinate Z1, the end
point coordinate X2, the end point coordinate Y2, and the
end point coordinate Z2 such that a minimum unit of a
dimension becomes 0.05.

[0257] Specifically, as illustrated in FIG. 21, the start point
coordinate X1 of -2.274, the start point coordinate Y1 of
60.533, the start point coordinate Z1 of 7.661, the end point
coordinate X2 of -2.288, the end point coordinate Y2 of
57.941, and the end point coordinate Z2 of 8.352 are given.
Since the reference value is “0.05”, when a numeral at the
second decimal place is “0”, “17, and “2”, the numeral of the
second decimal place is set to “0” with increments of 0.05.
When a numeral of the second decimal place is <37, “4”, “5”,
“6”, or “7”, the numeral at the second decimal place is set
to “5”. When a numeral at the second decimal place is “8”
or “9”, a numeral at the first decimal place is rounded up, and
a numeral at the second decimal place is set to “0”.

[0258] In view of the above, the rounding unit 74 executes
rounding to obtain the start point coordinate X1 of -2.30, the
start point coordinate Y1 of 60.55, the start point coordinate
Z1 of 7.65, the end point coordinate X2 of -2.30, the end
point coordinate Y2 of 57.95, and the end point coordinate
72 of 8.35 (see FIG. 22).

[0259] The rounding based on the reference value is
particularly effective in a case where the design intention is
expressed by not the number of digits after the decimal point
but the reference value such as 0.01 or 0.05. In such a case,
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the geometric element data extracted by the extraction unit
can be converted into CAD data while reflecting the design
intention.

[0260] In the “first rounding”, the case where the rounding
unit 74 sets the number of significant digits to be processed
that is coarser than the first number of significant digits,
which is the optical resolution of the three-dimensional
measurement apparatus 1, or the second number of signifi-
cant digits, which is the number of significant digits of the
resolution (optical resolution) of the display unit 51, and
executes the rounding has been described. Further, in the
“second rounding”, the case where the rounding unit 74
executes the rounding based on the reference value set by the
user has been described. In the above embodiment, the “first
rounding” and the “second rounding” are described as
separate processes, but the embodiment is not limited
thereto. These processes may be executed as a series of
processes.

[0261] Further, the rounding unit 74 may selectively
execute one of the rounding based on the number of sig-
nificant digits and the rounding based on the reference value
on the basis of selection by the user or on the basis of
selection by the rounding unit 74 or the like.

<Third Rounding (Determination Based on Tolerance)>

[0262] Another example of rounding will be described
with reference to the drawing. FIG. 23 is a flowchart
illustrating a part of still another example of rounding. In
third rounding, the necessity of rounding is determined
based on a tolerance. The flowchart illustrated in FIG. 23 is
a flowchart for calculating, in a case where one piece of
primary geometric element data is a target of rounding by
the rounding unit 74, a difference value between the target
primary geometric element data and a design value and
determining whether to execute the rounding based on the
calculated difference value.

[0263] For example, if CAD data obtained by converting
secondary geometric element data, obtained by rounding
primary geometric element data, can be directly used for a
design drawing, the time and effort for creating the CAD
data can be saved.

[0264] Meanwhile, for example, there is a case where a
difference between the original shape from which geometric
element data of the workpiece W has been extracted and a
design value deviate from a tolerance range due to a problem
in manufacturing, wear due to use, damage, or the like.
When the difference between the workpiece W and the
design value deviates from the tolerance range, there is a
high possibility that a defect is generated in the workpiece
W instead of a manufacturing error or the like. When the
rounding is executed in a case where the difference value
between the primary geometric element data and the design
value is smaller than the tolerance, the manufacturing error
or the like of the workpiece W can be rounded, and a shape
of a defective portion generated in the workpiece W can be
maintained as it is.

[0265] Further, there is a case where it is desired to
confirm a minute shape of the surface of the workpiece W
and it is sufficient to roughly confirm a portion having a
change exceeding the tolerance. In such a case, the rounding
is executed when the difference value between the primary
geometric element data and the design value is larger than
the tolerance, so that it is possible to simplify a shape of a
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portion where the user’s interest is low while maintaining a
shape of a portion where the user’s interest is high.

[0266] Therefore, in the “third rounding”, the rounding
unit 74 determines whether to execute rounding depending
on whether the primary geometric element data is within the
tolerance range of the design value before executing the
rounding. Details of such a tolerance determination will be
described below.

[0267] In Step S701, the determination unit 76 determines
whether to execute the tolerance determination. Note that the
determination unit 76 determines whether to execute the
tolerance determination by referring to the tolerance field
T37 of the processing setting table Tb3. More specifically, in
a case where “True” is stored as a tolerance determination
value in the tolerance field T37, the determination unit 76
determines to execute the tolerance determination.

[0268] Here, the tolerance determination is executed for
geometric element data for which rounding is to be
executed. Therefore, Step S701 is executed after the round-
ing unit 74 acquires the number of significant digits to be
processed in Step S504 of the flowchart illustrated in FIG.
17 or after the rounding unit 74 acquires the reference value
in Step S603 of the flowchart illustrated in FIG. 20. That is,
the determination in Step S701 is executed immediately
before the rounding unit 74 executes the rounding. Note that
Step S701 only needs to be performed before the execution
of rounding, and is not necessarily performed after Step
S504 or Step S603.

[0269] In a case where the determination unit 76 deter-
mines not to execute the tolerance determination (No in Step
S701), the flow proceeds to Step S505 or Step S603. In a
case where the determination unit 76 determines to execute
the tolerance determination (Yes in Step S701), the flow
proceeds to Step S702. In Step S702, the determination unit
76 refers to the processing setting table Tbh3 to acquire a
design value and a tolerance corresponding to the primary
geometric element data as the rounding target. More spe-
cifically, the determination unit 76 acquires the design value
and the tolerance stored in the design value field T38 and the
tolerance field T39 of the processing setting table Tb3.
Further, a design value and a tolerance may be stored in a
database provided separately from the processing setting
table Tb3 in association with each piece of primary geo-
metric element data, and the determination unit 76 may
acquire the design value and the tolerance by referring to the
database. Further, the determination unit 76 may acquire a
design value and a tolerance stored in a cloud connected to
the Internet or the like.

[0270] For example, in a case where the workpiece W is
an industrial product, a general-purpose product whose
standard has been fixed by an industrial standard or the like
defined by a public institution is often used for a pipe, a steel
material, a steel plate, a bearing, or the like. When such a
general-purpose product is used, there is a case where a
design value and a tolerance are disclosed in a cloud
connected to the Internet by an organization that has defined
the industrial standard. In such a case, the determination unit
76 may acquire the design value and the tolerance from the
cloud.

[0271] After the determination unit 76 acquires the design
value and the tolerance in Step S702, the flow proceeds to
Step S703. In Step S703, the determination unit 76 calcu-
lates a difference value between the current primary geo-
metric element data and the design value. More specifically,
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the determination unit 76 obtains a difference value between
a characteristic value to be subjected to the rounding of the
primary geometric element data and the design value cor-
responding to the characteristic value.

[0272] In Step S704, the determination unit 76 determines
whether the difference value is larger than the tolerance. In
a case where the determination unit 76 determines that the
difference value is equal to or smaller than the tolerance (No
in Step S704), the determination unit 76 determines that a
shape indicated by the primary geometric element data of
the workpiece W matches the design value (shape desired by
the user). In other words, it is determined that CAD data
reflecting the design intention of the user can be generated
by performing conversion of the difference-processed pri-
mary geometric element data. Then, the flow proceeds to
Step S505 or Step S603 to execute the rounding.

[0273] On the other hand, in a case where the determina-
tion unit 76 determines that the difference value is larger
than the tolerance (Yes in Step S704), the flow proceeds to
Step S511. Here, a case in which the rounding is executed on
the primary geometric element data when the determination
unit 76 determines that the difference value is equal to or
smaller than the tolerance has been described, but the
embodiment is not limited thereto. As described above, the
rounding may be executed on the primary geometric element
data when the determination unit 76 determines that the
difference value is larger than the tolerance according to the
design intention or a region of interest of the user.

[0274] In a case where the determination unit 76 deter-
mines that it is not valid in the validity determination based
on the allowable degree or the validity determination based
on the tolerance after the rounding unit 74 has executed one
of the first rounding and the second rounding, the rounding
unit 74 may execute the other rounding. In this way, the
secondary geometric element data after the rounding can be
brought closer to the design intention of the user.

[0275] For example, when the number of significant digits
is two digits, a reference value of a dimension of the
secondary geometric element data is 0.01 mm. There may be
CAD data with different minimum units, such as 0.01 in the
case of using a micrometer and 0.05 in the case of using a
vernier caliper, as the minimum units at the time of creating
a design drawing of a member. Therefore, it is possible to
provide the user with the secondary geometric element data
and the secondary CAD data suitable for manufacturing, that
is, more suitable for the design intention by determining the
validity based on the allowable degree and executing the
rounding determined to be valid. Further, the secondary
CAD data and the design drawing can be brought close to
each other by executing the determination based on the
tolerance. As a result, it is possible to accurately confirm
how much the geometric element of the workpiece W is
reproduced with respect to the design drawing.

[0276] Further, the primary geometric clement data
extracted from the mesh data can also be converted to CAD
data. As a result, for example, reverse engineering other than
direct use in the design drawing, such as quantification of a
manufacturing error, deformation due to use, and the like of
the workpiece W, and investigation of causes of deforma-
tion, wear, and the like can be executed.

[0277] Further, it is possible to extract geometric element
data matching or approximated to a predetermined basic
shape from the mesh data acquired by the three-dimensional
measurement apparatus 1 or the like, execute rounding of the
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data, and then, convert the data into CAD data. As a result,
the design intention can be reflected on the geometric
element data extracted from the mesh data.

[0278] In the present embodiment, geometric element data
before rounding is held in the storage unit 54 as primary
geometric element data, and the rounding unit 74 duplicates
the primary geometric element data while holding the pri-
mary geometric element data in the storage unit 54, and
executes rounding on the duplicated primary geometric
element data to generate secondary geometric element data.
[0279] With such a configuration, it is possible to acquire
the secondary geometric element data obtained by the
rounding while leaving the primary geometric element data
before rounding. As a result, even if the secondary geometric
element data is created by executing the rounding, the
primary geometric element data before rounding is held.
Therefore, it is possible to easily confirm a deformation state
such as an error or distortion with respect to the design data
of the workpiece W, which is a measurement target, using
the primary geometric element data before rounding.
[0280] In the present embodiment, the conversion unit 77
can generate primary CAD data obtained by converting the
primary geometric element data, and can generate secondary
CAD data obtained by converting the secondary geometric
element data.

[0281] As a result, the primary CAD data that reproduces
the actually measured shape of the workpiece W can be
generated, and the secondary CAD data reflecting the design
intention of the user can be generated. For example, analysis
such as the quantification of a manufacturing error, defor-
mation due to use, and the like of the workpiece W, and the
investigation of causes of deformation, wear, and the like
can be executed by comparing the primary CAD data with
the design drawing. Further, the secondary CAD data,
obtained by converting the secondary geometric element
data in which a manufacturing error falling within a certain
range is absorbed by the rounding, is easily used as the
design drawing. As a result, it is possible to output CAD data
suitable for a configuration desired to be reproduced, and the
convenience of the user can be enhanced.

[0282] In the present embodiment, the rounding unit 74
can acquire the secondary geometric element data obtained
by executing rounding on the primary geometric element
data such that the number of significant digits becomes the
number of significant digits to be processed that is coarser
than the first number of significant digits which is the
number of significant digits at the time of measurement.
[0283] Since the rounding is executed in this manner, it is
possible to absorb a trivial error such as a manufacturing
error that falls within a certain range included in the primary
geometric element data, and to acquire the secondary geo-
metric element data obtained by reflecting the design inten-
tion on the primary geometric element data.

[0284] In the present embodiment, the display control unit
75 displays the three-dimensional shape of the workpiece W
on the display unit 51 with the second number of significant
digits. The rounding unit 74 can acquire the secondary
geometric element data obtained by rounding the primary
geometric element data such that the number of significant
digits becomes the number of significant digits to be pro-
cessed that is coarser than the second number of significant
digits.

[0285] Since the rounding is executed in this manner, it is
possible to absorb a trivial error such as a manufacturing
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error that falls within a certain range included in the primary
geometric element data, and to acquire the secondary geo-
metric element data obtained by reflecting the design inten-
tion on the primary geometric element data.

[0286] In the present embodiment, the reception unit 72
can receive the settings of the design value and the tolerance.
The rounding unit 74 determines whether to execute the
rounding based on the difference value between the primary
geometric element data and the design value, and the toler-
ance. The presence or absence of the rounding can be
switched according to the tolerance with the design value.
[0287] According to the invention, the invention can be
used in the reverse engineering support apparatus that sup-
ports reverse engineering of creating a CAD drawing from
data obtained by measuring a three-dimensional shape.

What is claimed is:

1. A reverse engineering support apparatus that converts
mesh data obtained by measuring a three-dimensional shape
of'a workpiece into CAD data and outputs the CAD data, the
reverse engineering support apparatus comprising:

a data acquisition unit that acquires the mesh data;

an extraction unit that extracts geometric element data
from the mesh data;

a rounding unit that executes rounding on a coordinate
value or a dimensional value of the geometric element
data extracted by the extraction unit;

a conversion unit that converts the geometric element data
subjected to the rounding by the rounding unit into
CAD data; and

an output unit that outputs the CAD data converted by the
conversion unit.

2. The reverse engineering support apparatus according to

claim 1, further comprising

a storage unit that stores the geometric element data
before being subjected to rounding by the rounding unit
as primary geometric element data,

wherein the rounding unit executes rounding on the
primary geometric element data stored in the storage
unit and generate secondary geometric element data.

3. The reverse engineering support apparatus according to
claim 2, further comprising

a reception unit that receives selection of a conversion
mode for executing conversion into CAD data from a
first conversion mode of generating primary CAD data
obtained by converting the primary geometric element
data before the rounding into CAD data and a second
conversion mode of generating secondary CAD data
obtained by converting the secondary geometric ele-
ment data after the rounding into CAD data,

wherein the conversion unit executes the conversion into
the CAD data based on the conversion mode received
by the reception unit.

4. The reverse engineering support apparatus according to

claim 1, wherein

the rounding unit executes the rounding with a number of
significant digits to be processed that is coarser than a
first number of significant digits which is the number of
significant digits in workpiece measurement.

5. The reverse engineering support apparatus according to

claim 1, further comprising

a display control unit that causes a display unit to display
a three-dimensional shape based on the mesh data,

wherein the display control unit causes the display unit to
display the three-dimensional shape with display reso-
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Iution of a second number of significant digits which is
a number of significant digits of the display unit, and
the rounding unit executes the rounding with a number of
significant digits to be processed that is coarser than the
second number of significant digits.
6. The reverse engineering support apparatus according to
claim 3, wherein
the reception unit receives inputs of a design value and a
tolerance corresponding to the workpiece,
the rounding unit determines whether to execute the
rounding based on whether a difference value between
the primary geometric element data and the design
value is larger than the tolerance, and
the conversion unit converts the primary geometric ele-
ment data into the primary CAD data in the first
conversion mode in a case where it is determined that
the difference value between the primary geometric
element data and the design value is larger than the
tolerance by the determination, and converts the sec-
ondary geometric element data into the secondary CAD
data in the second conversion mode in a case where it
is determined that the difference value between the
primary geometric element data and the design value is
smaller than the tolerance by the determination.
7. The reverse engineering support apparatus according to
claim 3, wherein
the reception unit receives inputs of a design value and a
tolerance corresponding to the workpiece,
the rounding unit determines whether to execute the
rounding based on whether a difference value between
the primary geometric element data and the design
value is larger than the tolerance, and
the conversion unit converts the primary geometric ele-
ment data into the primary CAD data in the first
conversion mode in a case where the rounding unit
determines that the difference value between the pri-
mary geometric element data and the design value is
smaller than the tolerance by the determination, and
converts the secondary geometric element data into the
secondary CAD data in the second conversion mode in
a case where the rounding unit determines that the
difference value between the primary geometric ele-
ment data and the design value is larger than the
tolerance.
8. The reverse engineering support apparatus according to
claim 3, wherein
the reception unit receives an input of an allowable degree
corresponding to the geometric element data,
the extraction unit extracts a plurality of pieces of geo-
metric element data from the mesh data,
the rounding unit determines, for each of the plurality of
pieces of geometric element data, whether a difference
between the coordinate value or the dimensional value
of the secondary geometric element data and the coor-
dinate value or the dimensional value of the primary
geometric element data is larger than the allowable
degree, and
the conversion unit converts the primary geometric ele-
ment data for which the difference is determined to be
larger than the allowable degree by the rounding unit
into the primary CAD data in the first conversion mode,
and converts the secondary geometric element data for
which the difference is determined to be smaller than
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the allowable degree by the rounding unit into the
secondary CAD data in the second conversion mode.
9. The reverse engineering support apparatus according to
claim 3, wherein
the reception unit receives an input of an allowable degree
corresponding to the geometric element data,
the extraction unit extracts a plurality of pieces of geo-
metric element data from the mesh data,
the rounding unit determines, for each of the plurality of
pieces of geometric element data, whether a difference
between the coordinate value or the dimensional value
of the secondary geometric element data and the coor-
dinate value or the dimensional value of the primary
geometric clement data is larger than the allowable
degree, and
the conversion unit converts the primary geometric ele-
ment data for which the difference is determined to be
smaller than the allowable degree by the rounding unit
into the primary CAD data in the first conversion mode,
and converts the secondary geometric element data for
which the difference is determined to be larger than the
allowable degree by the rounding unit into the second-
ary CAD data in the second conversion mode.
10. The reverse engineering support apparatus according
to claim 2, wherein
the storage unit stores a reference table in which a
plurality of types of geometric element data are asso-
ciated with information on whether to execute rounding
on coordinate values and dimensional values of the
plurality of types of geometric element data, and
the rounding unit specifies a target to be subjected to the
rounding based on the reference table stored in the
storage unit, acquires at least one of a coordinate value
or a dimensional value corresponding to the specified
target, and executes the rounding.
11. The reverse engineering support apparatus according
to claim 10, further comprising
a setting unit configured to make a setting of information
of the reference table,
wherein the information of the reference table is updated
according to the setting of the information of the
reference table made by the setting unit.
12. The reverse engineering support apparatus according
to claim 2, wherein
the extraction unit extracts a plurality of pieces of geo-
metric element data from the mesh data,
the storage unit stores a processing setting table in which
the plurality of pieces of geometric element data
extracted by the extraction unit and reference values of
the rounding are associated for each piece of the
geometric element data, and
the rounding unit refers to the processing setting table
stored in the storage unit, acquires a reference value
corresponding to geometric element data for which the
rounding is to be executed, and executes the rounding
on at least one of the coordinate value or the dimen-
sional value based on the acquired reference value.
13. The reverse engineering support apparatus according
to claim 12, wherein
the processing setting table has an execution determina-
tion value used to determine whether to execute the
rounding for each piece of the geometric element data,
and
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the rounding unit determines whether to execute the
rounding based on the execution determination value of
the processing setting table, and executes the rounding
for the geometric element data for which it has been
determined to execute the rounding by the determina-
tion.

14. The reverse engineering support apparatus according

to claim 13, wherein

the conversion unit converts the secondary geometric
element data subjected to the rounding into the sec-
ondary CAD data for the geometric element data for
which it has been determined to execute the rounding
based on the execution determination value, and con-
verts the primary geometric element data into the
primary CAD data for the geometric element data for
which it has been determined not to execute the round-
ing based on the execution determination value, and

the output unit outputs CAD data in which the primary
CAD data and the secondary CAD data are assembled.

15. The reverse engineering support apparatus according

to claim 2, wherein

the conversion unit converts at least one piece of primary
geometric element data into the primary CAD data and
converts at least one piece of secondary geometric
element data into the secondary CAD data, and

the output unit outputs CAD data in which the primary
CAD data and the secondary CAD data are assembled.
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