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DESCRIPTION

PATTERN RECOGNITION FOR SHEET METAL PART MODELS

Technical Field
The present invention relates to the field of computer-aided
design for sheet metal parts. More particularly, the present invention

relates to recognizing patterns in sheet metal parts.

Background Art

The ability to recognize patterns in sheet metal parts would be
useful. One use for pattern recognition is searching for similar parts.
When designing a new 3D object (i.e., target object) on a computer-aided
design (CAD) system, it is sometimes more efficient to start with a similar
object and modify the similar object to create the desired object, rather
than to design the new object from scratch. In order to start with the
similar object, a user searches for an object having some type of similarity
to the target object.

Many attempts have been made to find geometrical similarities of
3D solid objects. None of the previous attempts, however, have succeeded
in recognizing patterns of sheet metal part models to enable accurate
comparison of sheet metal parts due to the hollowness or emptiness of
sheet metal shapes. For example, as shown in Fig. 1, it can be seen that
two superimposed solid part models, which are not identical, share a large

common area. Thus, an analysis would indicate that the models are similar.
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Similar superimposed sheet metal part models, however, do not
have a large amount of overlap, as seen in Fig. 2. Thus, an analysis
would indicate that the parts are not similar, when in fact they are similar.

In addition, directly comparing 3D geometries of part shapes is

5 inaccurate and time consuming because such a geometric comparison of
part shapes is very sensitive to size, orientations, etc. of shapes Thus,
direct comparison often creates ambiguous search results.

Current systems, such as the system disclosed in U.S. Patent No.
6,539,399 to HAZAMA et al., issued on March 25, 2003, have a function

10  for searching for similar sheet metal parts. However, the HAZAMA et al.
system does not recognize patterns of sheet metal shapes and thus only
searches by text such as “part name”, “updated date”, “material name”,
“machine name,” etc. When the user wants to search parts by shape
instead of text, for example, when a user only knows a cross section view

15 of a part, or when a user only knows the flat shape, the HAZAMA et al.
system has shortcomings.

Moreover, the input of search criteria in prior systems is
inadequate. Previous search systems for sheet metal shapes used a
complete sheet metal shape as a search key. This approach requires users

20 to create a complete sheet metal part in order to perform a simple search.
Finding a similar part model is no longer necessary because the exact part
has been designed. If the user could merely specify cross sections or a
2D flat shape in order to search parts, it would be very useful and save
time during manufacturing processes.

25 In view of the foregoing, the present invention is directed to
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recognizing patterns in sheet metal part shapes. Pattern recognition can
be used to facilitate searching for similar parts. An object of the present
invention is to recognize patterns in sheet metal part shapes. Such
patterns can be recognized by a variety of types of analysis. In one
embodiment, a moment of inertia is applied to the sheet metal part to
determine a characteristic of the part. Other types of analysis can be used
to determine additional characteristics (i.e., feature vectors) of the sheet
metal part. A user can specify multiple characteristics for a part, and

thus, capture a view of the user.

Disclosure of the Invention

In order to achieve the object mentioned above, in accordance
with a first aspect of the present invention, there is provided a method of
specifying characteristics of a sheet metal product, comprising: obtaining
feature vectors derived from at least one characteristic extraction method.

In an embodiment of the present invention, a method is provided
for specifying characteristics of a sheet metal product. The method
includes obtaining feature vectors derived from at least one characteristic
extraction method. In one embodiment, applying a moment is the
characteristic extraction method of the sheet metal product. The moment
can be a first order moment and/or a second order moment.

The method may also include comparing a feature vector of the
sheet metal part product with a feature vector of another sheet metal part
product. A level of similarity between the sheet metal part products can

then be determined based upon the comparison.
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In one embodiment, the moment is applied to a 3D sheet metal
part shape. In another embodiment, the moment is applied to a 2D sheet
metal part shape. In yet another embodiment, the moment is applied to a
3D sheet metal part shape and a 2D sheet metal part shape.

The method may also include obtaining at least one other feature
vector of the sheet metal product. . In this case, the feature vectors are
compared to determine a refined level of similarity. The comparison
includes comparing the feature vectors of the sheet metal product with.
feature vectors of another sheet metal product to determine the refined
degree of similarity between the sheet metal products. A user can select
the feature vectors, and assign a weight to each selected feature vector.
The refined degree of similarity is then determined based upon the
assigned weights and the selected feature vectors.

Another feature vector includes performing a sheet metal CT scan
cross section of the sheet metal product. This feature vector can include
performing a UZ analysis.

In another aspect of the present invention, a computer readable
medium is provided for storing a program for specifying characteristics of
a sheet metal product. The medium includes a feature vector code
segment that obtains feature vectors derived from at least one
characteristic extraction method.

In one embodiment, applying a moment is the characteristic
extraction method of the sheet metal product. The moment can be a first
order moment and/or a second order moment.

The medium may also include a comparing code segment that
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compares a feature vector of the sheet metal part product with a feature
vector of another sheet metal part product. A similarity code segment
can then determine a level of similarity between the sheet metal part
products based upon the comparison.

The medium may also include a code segment for obtaining at
least one other feature vector of the sheet metal product. In this case, a
comparing code segment compares the feature vectors to determine a
refined level of similarity. The comparison includes comparing the
feature vectors of the sheet metal product with feature vectors of another
sheet metal product to determine the refined degree of similarity between
the sheet metal part products. A receiving code segment can be provided
to receive a user selection of the feature vectors, and an assigned weight
for each selected feature vector. The refined degree of similarity is then
determined based upon the assigned weights and the selected feature
vectors.

Another feature vector includes a sheet metal CT scan of a cross
section of the sheet metal product. This feature vector can include
performing a UZ analysis.

In yet another embodiment of the present invention, a method is
provided for searching for similar sheet metal part shapes. The method
includes inputting a freehand sketch representing a sheet metal part shape,
and determining at least one feature vector of the input sheet metal part
shape. The method also includes comparing the at least one feature
vector of the input sheet metal part shape with at least one corresponding

feature vector of another sheet metal part shape to determine a degree of
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similarity between the sheet metal part shapes. The input may be a flat
pattern outline. The input may also include cross section ﬁnes.

In one aspect, multiple feature vectors are determined for the
input sheet metal part shape. In this case, the comparison includes
comparing the multiple feature vectors of the input sheet metal part shape
with multiple corresponding feature vectors of the other sheet metal part
shape to determine a refined degree of similarity between the sheet metal
part shapes.

In another embodiment of the present invention, a computer
readable medium stores a program for searching for similar sheet metal
part shapes. The program includes an input code segment that accepts
input of a freehand sketch representing a sheet metal part shape that is
used as a key part shape. The program also includes a feature vector
code segment that determines at least one feature vector of the key part
shape. The program further includes a similarity analysis code segment
that compai'es the at least one feature vector of the key part shape with at
least one éorresponding feature vector of another sheet metal part shape to
determine a degree of similarity between the sheet metal part shapes.

The input code segment can accept input of a flat pattern outline
and can also accept input of cross section lines.

In one aspect, the feature vector code segment determines
multiple feature vectors of the key part shape. In this case, the similarity
aﬁalysis code segment compares the multiple feature vectors of the key
part shape with multiple corresponding feature vectors of the other sheet

metal part shape to determine a refined degree of similarity between the
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sheet metal part shapes.

Brief Description of the Drawings

The present invention is further described in the detailed
description that follows, by reference to the noted drawings by way of
non-limiting examples of preferred embodiments of thé present invention,
in which like reference numerals represent similar parts throughout several
views of the drawings, and in which:

Fig. 1 illustrates overlapping solid shapes;

Fig. 2 illustrates overlapping sheet metal shapes;

Fig. 3 shows a process for creating a sheet metal part similarity
database and searching the database for similar parts, according to an
aspect of the present invention;

Fig. 4 shows a display of an exemplary similar part search screen,
according to an aspect of the present invention;

Fig. 5 illustrates a feature vector of a 2D part, according to an
aspect of the present invention,;

Fig. 6 illustrates a feature vector of a 3D part, according to an
aspect of the present invention;

Figs. 7A, 7B, and 7C show a part, identified bend lines, and
identified faces and bend lines, respectively, according to an aspect of the
present invention;

Figs. 8A, 8B, and 8C show a topology chart, a normalized
topology chart, and a normalized topology chart including bend lines,

respectively, according to an aspect of the present invention;
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Fig. 9 shows a part with multiple candidate root faces, according
to an aspect of the present invention;

Figs. 10A, 10B, 10C, and 10D show a part, bend line vectors,
grouped bend line vectors, and grouped bend line vectors superimposed on
the part, respectively, according to an aspect of the present invention;

Fig. 11 shows an exemplary SSP file, according to an aspect of
the present invention;

Figs. 12A and 12B show part cross sections subjected to a UZ
analysis, according to an aspect of the present invention; and

Figs. 13A, 13B and 13C show relations between bending
conditions and bending data according to an aspect of the present

invention.

Best Mode for Carrying Out the Invention |

A description will be in detail given below of embodiments of a
processing method and a computer readable medium in accordance with
the present invention.

First, the present invention is directed to identifying patterns in
sheet metal part shapes. The identified patterns can be used for searching
sheet metal part models stored in a database.

An object of the present invention is to recognize patterns in sheet
metal part shapes. Such patterns can be recognized by a variety of types
of analysis. In one embodiment, a moment of inertia is applied to the
sheet metal part to determine a characteristic of the part. Other types of

analysis can be used to determine additional characteristics (i.e., feature



10

15

20

25

WO 2006/046729 PCT/JP2005/019949

vectors) of the sheet metal part. A user can specify multiple
characteristics for a part, and thus, capture a view of the user.

By observing the different characteristics of the sheet metal
shapes, a search engine specific to searching sheet metal part shapes can
be defined.  To overcome the ambiguity of previous search methods for
3D shapes, an aspect of the present invention incorporates dual
dimensional feature extraction.  Dual dimension feature extraction
means that features are extracted from both a 2D (unfolded) and a 3D
(folded) representation of the sheet metal part.

In yet another aspect of the present invention, a sheet metal
normalization technique is provided to compare various sizes, shapes, and
orientations of sheet metal parts in a uniform way. = Furthermore, a sheet
metal CT scan method is described to capture bending formation of a
sheet metal part. Finally, another aspect of the present invention utilizes a
freehand feature extraction method to perform a search from just a simple
freehand sketch of a vague shape.

The pattern recognition of the present invention, when applied to
searching for similar parts, provides several advantages for manufacturing
processes in a factory compared with conventional systems. For example,
the present invention helps cost estimation for a new part. The present
invention also optimizes manufacturing processes. Moreover, the present
invention helps to create a similar new part. With the present invention, a
large amount of legacy data stored in databases suddenly becomes
reusable data, and thus a great asset for the user.

An embodiment of the present invention is now described with
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respect to Fig. 3. At step S10, similarities for all legacy files, which are
stored in a database, are calculated. Discussion of how the similarities
are calculated will be provided later. Next, at step S12, the computed
similarities are stored in a file, e.g., a SSP file. The SSP file is then
associated with the legacy data file.

The user then enters the features he is looking for, or the
similarities of a target part, at step S14. The user entered information
will be referred to as a key part. Exemplary manners in which the user
can enter the key part are: selecting an existing part; roughly sketching a
flat shape; and roughly sketching cross section lines. In the embodiment
illustrated in Fig. 4, the upper left corner 30 of a parts grid is reserved for
displaying a search key part. This box 30 is highlighted to distinguish the
key part from other displayed parts (not shown).

AtAstep S16, similarities of the key part are calculated. Prior to
conducting the search, the user specifies the similarities (i.e., search
options) he is focusing on, as well as the priority of each similarity, at step
S18. For example, referring to Fig. 4, four search options 40 are
presented: 3D, 2D moment, 2D volume, and internal holes. If the user is
primarily concerned with holes within the sheet metal part model, the user
could specify internal holes as a search option, by checking the associated
box, and then assign a high priority to the internal holes feature, via
another screen (not shown). Finally, at step S20 the search is performed
and at S22 the results are displayed.

Exemplary manners for inputting the key part are now further

described. A first mode will be referred to as a browsing mode.
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Referring again to Fig. 4, parts from a database are displayed in
alphabetical order. Although Fig. 4 only shows a single part 35, each
box 60 can display a part. The user selects a search key part by clicking
a check box next to the desired part name 50. In one embodiment, only a
single part can be selected. Subsequently, the user selects search
option(s) 40 (and weights for each option) and then instructs the search to
begin. The display will be updated by showing the selected search key
part in the key part box 30, and the rest of the parts in the order of
similarity.  In one embodiment, the results can be sorted by priority of
the similarities.

Another way for the user to specify the key part will be referred to
as a freehand search. In this embodiment, users can create a simple
freehand sketch using a mouse or a pen movement of a tablet to draw a
rough sketch of a search key shape. The entered sketch does not have to
be a sheet metal shape. The user can then copy and paste the image into
the search application, where the image is displayed in the key part box 30.
The option selection and result display is similar to that described above.
A search can then be based on this rough sketch.

To create the rough sketch, a user interface is provided to specify
a part shape by rough sketch entry. For example, the user can roughly
draw a flat pattern outline or cross section lines of a search part in a
drawing application, such as Microsoft Paint, available from Microsoft
Corp., and fill the drawing with any color.

Another input method uses 2D orthographic views of a part. In

contrast to prior art systems that required the difficult process of creating a



10

15

20

WO 2006/046729 PCT/JP2005/019949

12

3D model from input 2D views, the present invention searches based upon
the input 2D orthographic views themselves. In order to search based
upon the input 2D views, an aspect the present creates 2D views of each
legacy part stored in the database and stores the 2D views along with the
part data. In one embodiment, three views are created for each part in
addition to each view of the flange. Subsequently, 2D features are
extracted and a 2D search occurs.

A tracing method can also be used as input. In this case, a
drawing of a complex part is provided on paper. The user then traces
significant features and inputs the traced outline into the computer, e.g., by
scanning. The outline is then searched. If the drawing is scanned first,
e.g., into a bitmap file, the user can select critical points of the drawing
using the computer, and then connect the critical points to create an
outline of significant features. The outline is then searched.

Several other input methods include searching: a silhouette of part,
a perimeter (i.e., outside boundary) of a part, a total area of a part, a
bounding box of a part, a moment of a part and a centroid of a part.

Description of pattern recognition (or feature extraction) will now
be provided. In one embodiment, a moment of inertia of a 3D model is

used. The moment of a 3D model is defined in Equation 1.

m,,, = fjfj'x’y”’z"p(x,y, 2)dxdydz (1)
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Here p(X, y, z) is the density function; I, m and n are whole
numbers and I+m+n is the order of the moment.

Prior to performing feature extraction or geometric comparison,
sheet metal shapes have to be normalized in a uniform way in order to
perform an accurate comparison. In an embodiment of the present
invention, three types of normalization are performed. Origin
normalization uses a center of mass (i.e., centroid) as an origin of all
shapes. Volume normalization uses a constant value “C” as a volume or
area of all shapes. Because sheet metal shapes are essentially flat,
volume is roughly equivalent to area. Orientation normalization uses a
principal moment at the centroid as an orientation of all shapes. After
the normalization occurs (including eliminating thickness), the part is
represented by a mesh, in a known manner, and the analysis of the mesh
occurs.

In one embodiment, second order translation, scale and rotation
invariant moments are used for pattern recognition purposes. Translation
invariance is obtained by aligning the centroid of the object with the origin
of the coordinate system. The centroid of the object is as shown in

Equation 2.

(;C,_;l, 2) _ (mIOO , Mo , Moo, ) (2)

Mooy Mooy Moo

Moments about the coordinate system fixed at the centroid of the

object are known as central moments. Equation 3 gives the formula for
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calculating the central moments, Limp.
Hi = [ [ [ =0 (v = D)™z~ 2" plx =%,y = y, 2~ 2)dxdlydz 3)

Scale invariance along with translation invariance is obtained by

dividing the second order central moments with a scale factor as shown in

Equation 4.
I mn = 'UIS”;’; (4)

000

Finally, for rotation invariance the coordinate axes, fixed to the
object, are oriented in a way such that the rotation matrix, shown in

Equation 5, becomes diagonal.

Ly Iy, I .
M=\1, Iy Iy (5)
Ly Iy Iy

This rotation of the coordinate axes is obtained from the
eigenvectors of M and it aligns the principal axes of the object along the
coordinate axes.

Moment invariants are derived from second order moments and

are invariant to translation, scaling and rotation. They are coefficients of
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the characteristic equation shown in Equation 6.

1200 -A 1110 1101
P(A) =-2 +al -bA+c= L, Ty — A Iy (6)
. 1101 1011 Iooz -2

Here a, b and c are the three moment invariants and their values
are given in Equations 7 — 9. They form a feature vector, which can be

used for shape comparisons.

a= Iy + 1y, + 1y, )
b= 1200[020 +10201002 +1002[200 —102” _11201 _11210 (8)
c= 120010201002 +2Io1111011110 "120010211 _102011201 "100211210 (9)

Just like moment invariants, second order principal moments can
also be used for pattern recognition. Second order principal moments are
obtained by finding the three roots of the characteristic equation shown in
Equation 6. It is noted that second order moments tend to designate
symmetrical parts as similar. Thus, a second order moment can be used
to find symmetrical parts.

Alternate or additional features can also be extracted. The use of
multiple features will be referred to as multiple feature vectors (MFV).

The concept of MFV refines the search results. Using multiple feature
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vectors normalized for its similarity value enables users to improve the
accuracy of the search. Alternate feature extractions include a 2D (flat)
moment of inertia, a topological chart, and cross section diagrams.

In one embodiment, each type of analysis is used to determine
characteristics of each previously stored sheet metal part shape, i.e.,
legacy data. The characteristics are stored into SSP files. Each
similarity can be described as an XML element in an SSP file. An
exemplary file is shown in Fig. 11.

In order to perform a search, the system computes user specified
similarities of the part (e.g., entered by rough sketch) and compares the
computed information in each SSP file. The system lists parts having a
similarity close to the target part.

Feature extraction from freehand input is now explained. In
order to extract feature vectors from a freehand sketch, a boundary of the
sketch has to be detected. The area within the boundary is considered to be
the volume of the sketch. After the volume has been detected from the
rough sketch, a second order moment is extracted. Referring to Fig. 5,
the second order moment of a flat shape is a vector that has three
components: dx, dy, dz. The vector is normalized namely
0.0<dx,dy,dz<1.0 and the size is set to one. In addition the detected
area is normalized.

Alternative or additional features can also be extracted from the
freehand sketch. For example, a 2D rotation may occur. Usually, an
unfolded 2D drawing of a sheet metal part is oriented either horizontally

or vertically by the user. It may make a sense to use a comparison of
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unfolded shapes by flipping and rotating the shapes a given number of
times to preserve the original orientation.

As noted above, once features are extracted from a freehand
sketch, the extracted features are compared with the same features
extracted from the legacy sheet metal shapes and the results can then be
displayed.

Fig. 6 illustrates a second order moment of a 3D shape, which can
be used as a feature vector. The second order moment of a part is a
vector that has three components: dx, dy, dz.  The vector is normalized,
namely 0.0<dx,dy,dz<1.0 and the size is set to one.

When the area is used as a feature vector, a comparison of
unfolded sheet metal shapes oriented around a second order moment
occurs.

In one embodiment, a topological chart, which describes how
faces are connected by bend lines, is defined as a similarity. Computation
of a topological chart for an exemplary part shown in Fig. 7A is described
below.

First, bend lines are detected from the flat data in legacy files,
which store bend line attributes. Fig. 7B shows bend lines of the part.
Some of the bend line attributes, e.g., bend angle, bend direction
(Front/Back) and bend flange type (Flange/Inner Tab) are stored in a
temporary area, as shown in Fig. 13A.

Next, faces are detected based upon the bendlines, as seen in Fig.
7C. The logic is well know and thus not described in detail here. The

number of bend lines adjoining each face and their order (e.g., in a
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counterclockwise direction) are stored in a temporary area, as shown in
Fig. 13B. The order of bend lines is detected when an outline of a face is
traced in a predefined direction (e.g., in a counterclockwise direction).

This bend line order will be the order of face connection,
described later.

The faces and bendlines, as seen in Fig. 7C, are described as a
topological chart, as seen in Fig. 8A. The topological chart is then
normalized, as seen in Fig. 8B. The topological chart is normalized by
the following rule: the face having the largest number of bend lines is
defined as the root face. If there are multiple candidates, the first
detected face is defined as the root.

The topology chart can be described by a text string in which “R”
indicates the root face, and “F” indicates a non-root face. A bracket “()”

indicates a depth from the root face. An exemplary string corresponding

‘to the topology chart shown in Fig. 8B is as follows: R(F(F,F), F(F(F)), |

F(F), F(F.F), F(F))
Preferably, all topology charts for each bend line order are

identified. Thus, the following representations correspond to Fig. 8C:

R(F(F.F), F(F(F)), F(F), F(F.F), F(F))

The bend line IDs also can be described as a text string. A string
respresenting Fig. 8C is as follows:
(3(1,2), 4(5(6)), 7(8), 9(11,10), 12(13)).

Another type of feature is referred to as CT Scan Cross Section, in
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which multiple profile geometries are used as a feature vector. In other
words, a cross section diagram, which is created by a bend line group, is
defined as a sinﬁlarity. The computation for the part shown in Fig. 10A is
now described.

Initially, all bend-line vectors in a part are located, as seen in Fig.
10B. The vectors are then normalized and the bend lines grouped by
components, as seen in Fig. 10C. In other words, parallel lines are grouped
together. A table is then created, similar to a table as shown in Fig. 13C.

Bend line continuity is searched, using the topology chart and
bend line groups. The bend line sequences are searched from edge face to

edge face. The following bend line sequences are defined in this sample:

Groupl (BL1,BL3,BL9,BL11)
Groupl (BL2,BL3,BL9,BL11)
Groupl (BL1,BL2)

Groupl (BL6)

Group2 (BL4,BL12,BL13)
Group3 (BL5S)

Group3 (BL10)

Group4 (BL7, BLS)

By reviewing the bend line attribute table (as shown in Fig. 13A),

the bend line sequences are described by the following text string:

(n)(Flange)(FP,FP,FP,FP)



10

15

20

25

WO 2006/046729 PCT/JP2005/019949

20

where (n) represents the bend line group; (Flange) represents an outside
flange; (Tab) represents an inner tab flange; F- represents a front bend; B-
represents a back bend; -P represents a perpendicular bend; -A represents
an Acute bend; and -O repreéents an obtuse bend.

Thus, the following bend line sequences are defined:

Groupl (BL1,BL3,BL9,BL11) => (1)(Flange)(FP,FP,FP,FP)
Groupl (BL2,BL3,BL9,BL11) => (1)(Flange)(BO,FP,FP,FP)

Groupl (BL1,BL2) - =>(1)(Flange)(FP,BO)
Groupl (BL6) => (1)(Flange)(FO)
Group2 (BL4,BL12,BL13) => (2)(Flange)(FP,FP,BP)
Group3 (BLS) => (3)(Flange)(FP)
Group3 (BL10) => (3)(Tab)(BP)
Group4 (BL7, BL8) => (4)(Flange)(FP,FP)

Another aspect of CT Scan includes a UZ presentation.
According to this algorithm, each set of three adjacent lines of a cross
section are examined. Referring to Figure 12A, lines 100, 102, and 104
are first examined. It can be seen that the first three lines comprise a U
shape. The next three lines (i.e., 102, 104, 106) are then examined. It
can be seen that these three lines comprise a Z shape. The process
continues until each set of three adjacent lines is examined. The analysis
results in a UZUZU pattern for the cross section shown in Fig 12A.

Referring to Figure 12B, lines 200, 202, and 204 are analyzed.
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It can be seen that the first three lines comprise a U shape. The next
three lines (i.e., 202, 204, 206) are then examined. It can be seen that
these three lines comprise a Z shape. The process continues until each
set of three adjacent lines is examined. The analysis results in a UZUZU
pattern for the cross section shown in Fig 12B.

The UZ analysis eliminates orientation as a factor when
comparing parts. For example, the mirror image parts shown in Figures
12A and 12B will appear similar because both parts result in the same UZ
pattern. In one embodiment, storing the pattern includes creating a bit
stream in which 0 corresponds to a U and 1 corresponds to a Z. In the
example, the corresponding bit stream would be 01010.

Although several feature vectors have been explained in detaﬂ,
the present invention is not limited to the described feature vectors. Thus,
additional feature vectors are considered to be within the scope of the
present invention. For example, additional feature vectors can include
first order moments, various geometric parameters, such as a bounding
box, an aspect ratio, etc. Moreover, product parameters, i.e., attributes of
products, such as material type, material thickness etc. can also be used as
a feature vector. Internal holes, for example, the shapes and mass of
internal holes can also be used as a feature vector.

A similarity view of the computer system and users may be very
different. Thus, users can express their similarity view by selecting
MFV(s) to be used for a search and giving a weight to each vector.

An exemplary process for computing similarity is now discussed.

In this example, the feature extraction operation results in three values
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(seen, for example, in equations 7 — 9), which can be designated as an
X-value, a Y-value, and a Z-value. Thus, each extracted feature for a
part can be plotted in a 3D feature space. Although the present example
discusses a 3D feature space, it is understood that the number of
dimensions of the feature space is dictated by the feature extraction
operation. For example, an area feature extraction would result in a
single dimension feature space.

Returning to the example, a similarity can be computed by
calculating the distance in the 3D space between any two parts. More
specifically, the feature vector for each of the legacy parts is plotted in the
3D space, as is the feature vector of the key part being searched. The
distance between the similarity vector of the key part and the similarity
vector of each legacy part is calculated. The closest part in the feature
space will be designated the most similar part.

If multiple similarities are used, the user can assign weights for
each feature vector. The distances are then summed based upon the
weights.  In one embodiment, the distance is not normalized. However,
if the space size is known, the distance can be normalized.

Although the invention has been described with reference to
several exemplary embodiments, it is understood that the words that have
been used are words of descriptioh and illustration, rather than words of
limitation. Changes may be made within the purview of the appended
claims, as presently stated and as amended, without departing from the
scope and spirit of the invention in its aspects. Although the invention

has been described with reference to particular means, materials and
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embodiments, the invention is not intended to be limited to the particulars
disclosed; rather, the invention extends to all functionally equivalent
structures, methods, and uses such as are within the scope of the appended
claims.

In accordance with various embodiments of the present invention,
the methods described herein are intended for operation as software
programs running on a computer processor. Dedicated hardware
implementations including, but not limited to, application specific
integrated circuits, programmable logic arrays and other hardware devices
can likewise be constructed to implement the methods described herein.
Furthermore, alternative software implementations including, but not
limited to, distributed processing or component/object distributed
processing, parallel processing, or virtual machine processing can also be
constructed to implement the methods described herein.

It should also be noted that the software implementations of the
present invention as described herein are optionally stored on a tangible
storage medium, such as: a magnetic medium such as a disk or tape; a
magneto-optical or optical medium such as a disk; or a solid state medium
such as a memory card or other package that houses one or more read-only
(non-volatile) memories, random access memories, or other re-writable
(volatile) memories. A digital file attachment to email or other
self-contained information archive or set of archives is considered a
distribution medium equivalent to a tangible storage medium. Accordingly,
the invention is considered to include a tangible storage medium or

distribution medium, as listed herein and including art-recognized



WO 2006/046729 PCT/JP2005/019949

24

equivalents and successor media, in which the software implementations
herein are stored.

Entire contents of an United States Patent Application No.
10/971,124 (filed on October 25, 2004) are included in the specification of

the present application as reference.



10

15

20

25

WO 2006/046729 PCT/JP2005/019949

25

CLAIMS

1. A method of specifying characteristics of a sheet metal product,
comprising:
obtaining feature vectors derived from at least one characteristic

extraction method.

2. The method of claim 1, wherein the obtaining further comprises
obtaining a feature vector derived by applying a moment as the

characteristic extraction method of the sheet metal product.

3. The method of claim 1, further comprising:

comparing a feature vector of the sheet metal part product with a
feature vector of another sheet metal part product; and

determining a level of similarity between the sheet metal part

products based upon the comparison.

4. The method of claim 2, further comprising:

comparing a feature vector of the sheet metal part product with a
feature vector of another sheet metal part product; and

deterrhining a level of similarity between the sheet metal part

products based upon the comparison.

5. The method of claim 2, in which the moment comprises a second

order moment.
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6. The method of claim 2, in which the moment comprises a first order

moment.

7. The method of claim 2, in which the applying further comprises

applying the moment to a 3D sheet metal part shape.

8. The method of claim 2, in which the applying further comprises

applying the moment to a 2D sheet metal part shape.

9. The method of claim 2, in which the applying further comprises
applying the moment to a 3D sheet metal part shape and applying the

moment to a 2D sheet metal part shape.

10. The method of claim 1, further comprising:

obtaihing at least one other feature vector of the sheet metal
product; and |

comparing feature vectors to determine a refined level of
similarity,

wherein the comparing comprises a step of comparing the
plurality of feature vectors of the sheet metal product with a plurality of
corresponding feature vectors of another sheet metal product to determine

the refined degree of similarity between the sheet metal products.

11. The method of claim 10, in which a user selects the plurality of the
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feature vectors, and assigns a weight to each selected feature vector, the
refined degree of similarity being determined based upon the assigned

weights and the selected feature vectors.

12. The method of claim 1, wherein the obtaining further comprises
obtaining a feature vector derived by performing a sheet metal CT scan
cross section as the characteristic extraction method of the sheet metal

product.

13. The method of claim 12, wherein the obtaining further comprises
obtaining a feature vector derived by performing a UZ analysis as the

characteristic extraction method of the sheet metal product.

14. A computer readable medium storing a program for specifying
characteristics of a sheet metal product, comprising:
a feature vector code segment that obtains feature vectors derived

from at least one characteristic extraction method.

15. The medium of claim 14, the feature vector code segment further
comprising, obtaining a feature vector derived by applying a moment as

the characteristic extraction method of the sheet metal product.

16. The medium of claim 14, further comprising:
a comparing code segment that compares a feature vector of the

sheet metal part product with a feature vector of another sheet metal part
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product; and
a similarity code segment that determines a level of similarity

between the sheet metal part products based upon the comparison.

17. The medium of claim 15, further comprising:

a comparing code segment that compares a feature vector of the
sheet metal part product with a feature vector of another sheet metal part
product; and

a similarity code segment that determines a level of similarity

between the sheet metal part products based upon the comparison.

18. The medium of claim 15, in which the moment comprises a second

order moment.

19. The medium of claim 15, in which the moment comprises a first

order moment.

20. The medium of claim 14, in which the obtaining code segment
further comprises obtaining at least one other feature vector of the sheet
metal part shape,

and the medium further comprising a comparing code segment
that compares feature vectors to determine a refined level of similarity, the
comparing comprising comparing the plurality of feature vectors of the
sheet metal product with a plurality of corresponding feature vectors of

another sheet metal product to determine the refined degree of similarity
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between the sheet metal products.

21. The method of claim 20, further comprising an input receiving code
segment that receives a user’s selection of the plurality of the feature
vectors, and assignment of a weight to each selected feature vector, the
refined degree of similarity being determined based upon the assigned

weights and the selected feature vectors.

22. The medium of claim 14, wherein the obtaining code segment
further comprises obtaining a feature vector derived by performing a sheet
metal CT scan cross section as the characteristic extraction method of the

sheet metal product.

23. The medium of claim 22, wherein the obtaining code segment
further comprises obtaining a feature vector derived by performing a UZ

analysis as the characteristic extraction method of the sheet metal product.

24. A method for searching for similar sheet metal part shapes,
comprising:

inputting a freehand sketch representing a sheet metal part shape;

determining at least one feature vector of the input sheet metal
part shape; and

comparing the at least one feature vector of the input sheet metal
part shape with at least one corresponding feature vector of another sheet

metal part shape to determine a degree of similarity between the sheet
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metal part shapes.

25. The method of claim 24, in which the inputting further comprises

inputting a flat pattern outline.

26. The method of claim 24, in which the inputting further comprises

inputting cross section lines.

27. The method of claim 24, in which the determining further comprises
determining a plurality of feature vectors of the input sheet metal part
shape, and

the comparing further comprises comparing the plurality of
feature vectors of the input sheet metal part shape with a plurality of
corresponding feature vectors of the other sheet metal part shape to
determine a refined degree of similarity between the sheet metal part

shapes.

28. A computer readable medium storing a program for searching for
similar sheet metal part shapes, comprising:

an input code segment that accepts input of a freehand sketch
representing a sheet metal part shape that is used as a key part shape;

a feature vector code segment that determines at least one feature
vector of the key part shape; and

a similarity analysis code segment that compares the at least one

feature vector of the key part shape with at least one corresponding feature
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vector of another sheet metal part shape to determine a degree of

similarity between the sheet metal part shapes.

29. The medium of claim 28, in which the input code segment further

accepts input of a flat pattern outline.

30. The medium of claim 28, in which the input code segment further

accepts input of cross section lines.

31. The medium of claim 28, in which the feature vector code segment
further determines a plurality of feature vectors of the key part shape, and
the similarity analysis code segment further compares the

plurality of feature vectors of the key part shape with a plurality of
corresponding feature vectors of the other sheet metal part shape to
determine a refined degree of similarity between the sheet metal part

shapes.
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